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Irog-t€rm Effects of Fertilisers at Broom's Bun, 197l-76

A. P. DRAYCOTI, M. r. DURRANT and D. J. WEBB

Itrfrodrction

The experiment described ia Rothamsteil Report fot 1971, Part 2, 155-164, was con-
tinued in 197l-76 with the same objects. Briefly, these were to investigate the value of
doubling the amounts of fertiliser nitrogen, phosphorus and potassium recommended
for this soil for each crop in a three-course rotation of sugai beet, winter wheat and
spring barley, to obtain information about the ability ofthe soil to release plant nutrients,
to measure the value of farmyard manure and the effect of using sodium chloride over
many years. The second six-year study was justified to substantiate or otherwise earlier
results. For example, yields between 1968-70 suggested that larger than recommended
dressings of some elements did give slightly greater yields. This could be important as
surveys of fertiliser use in England (Church & Webber, 1971) show that in the case of
sugar beet and some other arable crops, many growers regularly use more fertilis€r than
is recommended by the Agdcultural Development and Advisory Service (Ministry of
Agriculture, 1973) in the belief that fertiliser which is not used immediately will increase
soil fertility and eventually increase yield. More recently, some research workers (e.g.
Evans, 1977) hare also questioned the basis of present fertiliser recommendations if
larger yields are to be obtained. On the other hand, in the 1965-70 experiment at Broom's
Rarn there was no reduction in yield for six years when no phosphorus fertiliser was
given, suggesting substaotial economies may be possible with this element on some soils-
Thus there was considerable interest in continuing the experiment and the outcome is
described in this report-

Field rletails

The origin and texture ofthe soil was described in the previous report (Draycott, Durrant
& Webb, 1972), together with details of its chemical properties at the start of the experi-
ment. The three-course rotation was continued on the same plots and with the same
crops but the varieties of sugar beet and spring barley were changed. In l97l-73, sugar
beet was var. Bush Mono, l97zt-76 Bush Mono'G';in l97l-:t6, spring barley was var.
Julia. During the six years 1965-70, sugar-beet seed spacing was 4.0 cm and 6.5 cm in
l97l-76, and final plant populations were obtained by hand-hoeing. Amounts of fertiliser
applied were the same as before but no lime was needed in the p€riod 197l-76. The
residual herbicide 'Sramin' was band-sprayed at 1.4 kg ha-r to control weeds in the
sugar beet, with 13.5 kg ha-l 'Solubor' to prevent boron deficiency, and with 420 ml ha-l
'Metasystox 55' to kill aphids. The herbicide used on cereals was'Banlene Plus' at
5'6 litres ha-l. Harvesting procedure, plant and soil sampling were exactly as before,
most of the analyses being made h 1976-77.

Cbemical analysis

Soil pH, organic carbon and nitrogen were determined as before. Sodium bicarbonate-
extractable soil phosphorus was previously measured on a weight: volume basis using
decolorising charcoal before colorimetric analysis. This method was changed to that
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described by the Ministry ofAgriculture (1973) and, as this gave different results from the
earlier method ofextraction, all soil samples taken in the period 1964-76 were reanalysed.
The average amount of phosphorus in the topsoil before the experiment started was
22 mg P litre-l and amounts in individual replicates varied b€tween 17 and 29 mg litre-l.
The method of extracting soil cations was also changed to a volume: volume basis,
again as described by the Ministry of Agriculture (1973), but this gaye similar results to
the earlier proc€dure. Plant samples were analysed as before.

Yiekls

Yields ol crops from four treatments are described first: N0ltK0Na0-which tested
the effect of no fertiliser (F0); NlPlKlNal-found to be sufficient for maximum yield
in many annual experiments on commercial farms (Fl); N2P2K2Nal-which left large
nutrient residues (F2); and N2P2K2Nal plus FYM (F2 + FYM). Yields of the three
crops each year are in Rothamsted Reports for 197l-76, Palt I,292,287,276, 67,73 and
70 respectively.

Mean yiekls, 1965-76. Table I compares the effect ol these treatments on the mean
yields of sugar beet, winter wheat and barley for the periods l96i-70 and 197l-:76. ln

TABLE 1

Efect offour fertiliser teatments on oop yield, 1965-76
Susar beet

FO
F!_FO
F2-FI
(F2 + FYMFF2
SED

Wioter whert

Mean
l%5-70

5.50
+ 1.90
+o.23
+0.34
+o.253

Mean
t97t-76

Sre"" {t h"-t;
3.93

+l'14
-ol8+o24
+o2s5

Grain at 85% DM (t ha-l) Straw at 85% DM (t ha-l)

m
FI-FO
F2.FI
(F2 + FYM>F2
SED

t96t70
2.9t

+ 1.08

-o-24
-0{6
+0.200

l 5-70 t97t-16
2.43 2.55

+1.31 + 1.45
+0.35 +0.38
-0.o1 -o.12+0.183 +0.168

196F70 t97116
3.98 3.24+2.13 +2.77

-0.10 +o-n+0.27 +0.16+0.300 !o.42a

t%5-70 l97t-16
t-97 t.6l

+1.52 +l.a
+0.86 +0.94+0.08 -0.10+0.163 +0.159

t91t-16
2.59

+ 1.80

-0.24
-0.13
!o.271

Barley
Grain at 85 % DM (t ha-) Stlaw at 85 % DM (t ha-1)

FO
FI_FI)
F2-FT
(F2 + FYM)-F2
SED

both six-year periods, Fl increased sugar yield by about l.8tha-l but F2 gave no
further increases compared with Fl. There was a small response to FYM even in the
presence of relatively large amounts of inorganic fertiliser (F2). Thus these results give
clear evidence that the double fertiliser dressing (F2) gave no improvement in sugar yield
compared with the recommended rate (Fl) but that FYM was beneficial with inorganic
fertiliser compared with inorganic fertiliser alone. Yields of wheat grain also showed

16

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-1-16 pp 4

EFFECTS OF FERTILISERS, BROOM'S BARN

that F2 gave no improvement compared with Fl, despite a large response to Fl. Unlike
sugar beet, FYM did not benefit wheat grain yield although straw yield was increased

slightly. In contrast to sugar b€et and winter wheat, the spring barley grain and straw
yields were increased by F2 compared with Fl but FYM gave no benefit over inorganic
fertilisers alone.

Yielrt and plant population of sugar beet in indiYiduel years. Figure I shows the yield of
roots from the four fertiliser treatments described above. In 1965-68, the crop on plots

50

Root yield

40
t ha-t

1966 68 70 72 74 76
Frc. l. Efrect of four fertilis€r realm€nts oo yield of suSar-beet roots, 1965-76. a, F0; L FI;  ,

F2; Y, F2 + FYM.

20.,

Suoa r
;18

fresh roots

60

30

20

10

o/
/o

1966 68 70 72 74 76
Frc. 2. Efrect of four fertiliser trcatrneDts on the suga. percentagp of fresh roots, 1965-76. a, F0; L

Fl ;  , F2; V, F2 + FYM.
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7

Sugar yield

t ha'i 6

ttl

1966 68
Frc. 3. Effect of four fertiliser trcatmetrts on sugar

F2 + FYM.

IT
72

I

70
yield, 1965-76. a,

74 76
F0; I, Fl;  , F2; V.

given lertiliser yielded well above the national average of about 38 t ha-r during that
period. In 1969-71, yields in the experiment were less than in the first four years bui near
the national average. The smaller yields from the experiment were due in part to more
frequent water stress on this light soil as no irrigation was given. Other experiments at
Broom's Bam testing irrigation showed yield was depressed by water shortage during
this period (Draycott & Messem, 1977). ln 1973, yields were similar to those at th;
beginning of the experiment. During the final three years 1974-76,lelds in the experi-
ment and nationally were very small for several reasons, discussed by Hull (1925, 1976
and 1977). Throughout the experiment, however, the four fertiliser treatments affected
yield in the same relative way in most of the 12 years, indicating that high and low
yielding crops responded similarly to the fertilisers tested.

Figure 2 shows the effect of the same treatments on the sugar percentage of the fresh
roots. In ten out of l2 years, Fl gave the largest sugar percentage. plots givin no fertiliser
contained less sugar percentage fresh weight, as did roots from plots given the double
fertiliser dressing or the FYM. Figure 3 shows that fertiliser greatly increased sugar yield
every year but that yields were generally largest at the beginning of the experimeni. In
the three last years, yields from the three fertiliser treatments were very similar; never
was the double dressing of fertilisers needed for maximum yield nor was there any indi-
cation that the residues (see later) it built up resulted in more yield. Figure 4 shows ihat in
the period 1965-74 therc was a trend downwards in the number of roots harvested
although in 1975 a 1976 population increased. All the fertiliser treatments decreased
population in most years.

l8
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100
Plant

pop.
90

'000 ha-1

1966 68 70 72 74 76
Frc.4, Efrect of four fertiliser t.eatmedts on the numbe. of sugar-beet roots harvested, 1965-76.

a, Fo; L FI;  , F2; v, F2 + FYM

Eflect of fertilisers on sugrr-beet seedling establishm€ . Table 2 shows the average effect
over 12 years ofF0, Fl, F2,F2+ FYM and, to help explain the effect of these treat-

TABI,E 2

Efecl olle iliseis on the number of sugar-beet seedlings establishetl. Means, 1965-76
Number of

se€dlings per
metre oI row

13.6
13.2
12.2
t2.8

Potassium and sodium
(ks hu-,;

80

70

60

Treatment
FO
FI
F2
F2 + FYM

Nitrogen
(ks ha-)
0 l4.l
lm t3-2
2m 12.3

(P K gven)

Pho6phorus
(kC hu-')

0
22
44

Number of
s€edlines per
metre of row

13.6
13.2
l3'l

(N K given)

I1.8
13.2
13.0
t3.2
t3.2

00
830
167 0

0 l,t8
83 l,{8

(N P giveo)

ments, of nitrogen, phosphorus, potassium and sodium separately on the number of
seedlings established before hand-singling. F0 gave best s€€dling establishment and the
recommended dressing of fertiliser for the soil (Fl) decreased this by about 41. A
double dressing (F2) decreased establishment by about l0f. Giving FYM in addition
to F2 slightly improved establishment. Nitrogen fertiliser appeared to be the main cause

of the reduction in establishment and 200 kg N ha-l decreased ir by l2%. Phosphorus
also slightly decreased the number of seedlings established but potassium and sodium

both improved it. Although the seedlings were hand-hoed to leave a standard population
of 70-80 0oO plants ha-l, the counts of roots at harvest show that uniformity was not
achieved because the effects ofthe fertilis€rs on seedling establishment .r ere still present

at harvest to some extent. It seems likely therefore that the effects of the fertilisers on
establishment may have affected yield or early growth in some way; this aspect needs

further investigation.
l9
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Wheat grain
yield 4

t ha-1

3

85% DM

1966 68 70 72 74 76
Frc. 5. Efrect of four fertiliser treatments on yield of wheat glain, 1965-16. a, FO; t, Fl;  , F2;

v, F2 + FYM.

5

Barley grain
y ield 4

tha-1

857. OM

rIr
t966 68 70 72 14 76

Fra. 6. Effect of four fertiliser treatments on yield of barley grain, 1965-76. a F0, I ; Fl ;  , F2; V,
F2 + FYM.

Yields of wheat and barley grrin in individual years. Yields of both gains varied greatly
from year to year but there was no trend up or down over the 12 years (Figs 5 and 6).
As with the sugar beet, there was no evidence that the double fertiliser dressing was
improving yield through increasing fertiliser residues. In a few years, barley responded
to the double dressing (F2) offetiliser compared with the Fl but this is explained below
in terms of response to the nitrogen.

Respons€ to itrdiyidEal elemeDts

Sugar beet. Table 3 shows the eflect of three amounts of each element and of FyM on
sugar yield each year. Nl was suficient for maximum yield in most years and in two years

20
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TABLE 3

Etect of inalividual nutrients on sugar yield' 1971-76

1972 1973 1974

Sugar (t ha-1)

5.18 6.50 3.26

-0.09 -0.15 +0.90
-0.60 -o-24 -0.51

1971

Nitrog€r (PlKl given) 
5.13

NI-NO +0'66
N2-Nl -0.30
Pho6Dhoru5 (NlKl gvc!)
PO 6.56
Pl-Po -o'77P2-Pt +0'85

Potassium (N lPl Nao given)
Ko 4'69
K1-K0 +l l0
K2-Kl + l'56

Potassium (N lPlNa I givetr)
Ko 619
Kl-Ko +0.83

(m + FYMFFo +l'62
(FI + FYMFFI +I{I
(F2 + FYMFF2 -o ol

sED +0'520

3.54 4.26 4.65
+0.20 -0.42 +0.18
+o.22 +0.17 -0.21

5.28

-0.19
-0.30

6.@ 4.03

-o.29 +0.13
+0 41 +0.61

2.97
+1.19
+0.93

3.68 4.95
+0.16 -0.r2+042 +0 34

3.49
+0.25
+ 0.02

4.31 5-46
+o.72 +0.89
+0 54 +0 65

2.83 2-11 3.85
+0.91 +lo7 +0.98
+0.52 +0.51 +0.79

4.65 4.11 5.37

-o17 +O3s +0.29

+r.26 +1.59 +1.62+065 +0.39 +0 59

-0.t2 +0.08 +o.u

+0.62 +0.D4 *0.255

5.07 7.2r 5.m
+0 58 +0'50 -0''18

+1.60 +r.33 +2.12
+0.97 -G05 +0.57+l.ll +0.58 -O'22

+0.423 +0.378 +0442

(1973 and 1976) the crop needed linle if any nitrogen fertiliser to yield fully. N2 was

never justified and there was no evidence that it gradually improved yield. However,

since nitrogen fertiliser can affect the value of the croP to the grower by changing the

relationshif between fresh root yield and sugar percentage, and to the processor by

changing tie impurities in the roots and hence the proportion ofsugar which is extracted

at th;fa;tory, these are considered in more detail. Figure 7 shows the effect of nitrogen on

root yield, sugar percentage of fresh and dried roots, plant population and juice purity'
Rooiyield *is oiten greatest with the largest amount of nitrogen- but sugar percentage

was gieatly depressed by nirogen. Since 1969, as well as a general decline in sugar per-

cent;ge ofboth fresh and dried roots, there was marked diyergence of effect between the

three-nitrogen treatments. Both trends must in part be due to incomplete leaching and

hence accrimulation of nitrogen residues following the generally lower-than-average

winter rainfall. In contrast, plant populations have been fairly constant oYer the l2 years.

Usuallv nitrogen depressed plant population, presumably due to effects during germi-

nation'and/oi estabiishmeni as described above. Nitrogen consistently depressed juice

ouritv. some of the lowest values being in the l2th year of the experiment'
' Tirie 3 also shows the effect of phosphorus on sugar yield. The same lack of effect of
the three phosphorus treatments found b€tween 1965 and 1970 continued until 1973

despite progresiive divergence in nutrient balance and soil phosphorus (see later). In the

tosi th.ie y'ears, however, the crop appeared to show-the frst signs of responding to
phosphorus. If this is so, the results are in agreement with obs€rvations at Saxmundham

(Cooie, 197! in long-term exlrriments and in annual experiments with sugar beet on

growers' fields (Draycott & Dunant, 1976).' In contrast to phosphorus, response by sugar beet to potassiumand sodium $as large

from the start of the ixperiment. Table 3 shows that in the second six years Kl without

sodium increased yield greatly every year; there was also a further but smaller increase

from K2 without iodium. Similarly, sodium alooe increased yield and when given with
2t
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Kl sometimes yield increased still further. These large responses to potassium and
sodium result from insu6cient exchangeable soil potassium and sodium discussed below.

As also shown in Table 3, the efect of FYM was geatly influenced by the amount of
inorganic fertiliser applied. Without inorganic fertilisers, FYM increased sugar yield by
betwe€n 1.26 and 2.32 tha-L and, even with F2, FYM gave an average of 0'24 t ha-l
more sugar but this included an unusually large (and unexplained) response in 1972.

Whert afll barley. Table 4 shows the effect of individual nutrients on grain yield. In all
but one year, Nl was sufficient for maximum yield of wheat but barley responded to N2

TABLE 4

Efect of intlividual nutrients on gruin yield, 1971-76

Wintcr wh€at
Nirogcn (PlKl given)
NO
N1_NO
N2_NI

Phospborus (NlK! givco)
m 4. 4.4 5{4
Pt-Po +0.21 -0.13 +003
P2-Pt +0.04 +0.38 +0.06

2.6 2.38 3.52 3-14 2.22 2.13 2.71

+1.81 +2.13 +1.55 +1.63 +2-ts +0.87 +1.69
+0.18 +0.21 -1.21 0 -0.46 -010 -0'23

1913 1974 1975

Grain at 85% DM (t ha-r)

t976 Meao

2-g 3.84

-o.22 + 0.02
+0.35 +0.25

3.50 2.32 3.80
+o29 +GlO +0.06
-o-23 +0.36 -0.09

Potassium (NlPl SiiT D)
KO
KI_KO
K2-KI

SED

Pho6phorus (NlKl gircn)
PO
PI_PO
P2_PI

Potassium (NlPl given)
KO
KI.KO
K2-KI

SED

4.6 4-19 309 4.30
+0.t7 +0.18 +0.11 +0.t0
-0.01 +0.30 +0.07 +0.14

3.27 1.98 184 2.11
1 0.69 t l.8l +0.58 - l.l4
+o 12 +099 +0.01 +0.37

4.4r 4.A 4.80 4.50 4-13 2.94 4.24
+0.06 -0.13 +0.27 +o.n +o-24 +0.26 +0.16
-o.34 +024 -043 -0.39 -0-26 -0.38 -0.26

+0.409 +0.203 +0.230 +0.249 +O.27s +0.27s ).0.211

Barlev
NiroAn (PlKl givetr)
N0 2.65 3.80 2.70
Nl-No +r.26 +0.75 +l'76
N2-Nl +0.34 +0.24 +O'32

3.96

-0.05
+0.32

3-82
+0-09
- 0.17

+o.n5

4.45 4.50 4.00 3.5{)
+0.10 -0.04 +0.06 +0.29
+0.17 +0',16 +0'01 +0'16

4.47 4.77 3.93
+0.08 -0.31 +0.13
-0 36 +0'26 -0',l{)

+0.276 +0'2,10 +0'270 +0'345 +0'207 +0'168

every year. This probably explains the larger yields of barley with the F2 dressing although
there were also small responses to P2 compared with Pl. Kl was sumcient for maximum
yield of wheat and barley.

The effect of sodium given to sugar beet on the grain yield of following wheat and
barley was examined and it had a negligible influence each year. The yields of wheat
without and with sodium were 4'18 and 4'l l, and of barley 3'96 and 3'98 t ha-l respec-

tively on average.
23
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Nutriert cotrct[Ertio[ end uptrle

Table 5 shows the concentration and uptake of nitrogen, phosphorus, potassium and

TABLE 5
Nutrient composition of sugar beet. Meots, 1971-76

Concentration (%) i! dry matter
Ni&ogen Phosphorus Potassium Sodium

Tops Roots Tops Roots Tops Roots Top6 Roois
F0 2.15 0.62 0.U 0.12 2-15 0.63 2{t 0{DFt 2-s2 0.77 0.26 0.13 2.42 0.70 2{B O.l0F2 2-91 1.03 0.29 0.13 2.6s 0.78 2.08 0.t4
F2 + FYM 3.06 1.17 O-29 0.t6 3./A l.0l 1.77 0.14

Artrouot itr the crop at harv6t (kg ha-r)
Nitrogen Phosphorus Potassium Sodium

Tops Roots Total
76lr
t0 l0 20
13 l0 2314 13 21

Tops Roots Total
s7 35 92

55 152
123 62 t8s
167 84 25t

Potassium

Roots Total
459789
l0 107
lr99

Sodium

Tops
55
82
97
88

Winter wheat
FO
FI
F2
F2 + FYM

Barley
FO
FI
F2
F2 + FYM

35 1045 83ll 9 2t 30
532tU t2 315 l5 & 55
76 33 109 t2 4 16 t5 55 70
75 36 lll t2 4 t6 l5 7t 86

2873s 9lt0 13 15D
45 ll 56 t3 215 r82543
il 21 8r l5 318 204565
59 21 80 14 418 m5474

NPK
m -520 -lm -,l00Fl +72 +96 +62F2 +682 +341 +M

Na

-46
+ 541
+ 515

Tops Roots Total
F0 58 34 92
Fl 100 60 l@
F2 138 8l 2t9
F2 + FYM ts2 96 248

Amounts of nutrients in cercals at harvest, 1971-76
Ni&ogen PhosphGus

Grain Straw Total Grain Straw Total Grain Straw Total Graio Straw Total
(kg element ha-r)

0.2 0.4 0.6
0.3 0.6 0.9
03 l.l l-4o.2 l.o 1.2

05 1.8 2.3
06 4.4 5.0
08 8.2 9.0
o-7 s.2 5.9

sodium in the three crops at harvest. Resultswere similar to those ofthe previous sixyears.
Uptakes by sugar beet were somewhat less, due to lower yields, but uptakes by cereals
were very similar to previous values.

Nutrient bd ce

As before (Draycott et al., 1972), the nutrient balance (i.e. amount applied - amount
removed in crops) differed greatly between F0, Fl and F2. F0 depleted reserves as no
fertiliser was given. Fl continued to equal or slightly exceed removal in crops whilst F2

TABI,E 6
Cumulaliye nutrient balance over four rotations, 1965-76

Amourt applied - amoutrt remov€d (kg ha-r)
Treatment

24
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$eatly exc€eded removal and so left large residues of unused fertiliser. Annual values
are not given here as they continued the trends in Fig. I of the previous paper. Table 6,
however, shows the cumulative nutrient balanc€ over the first 12 years of the experiment.
Four rotations of sugar beet, wheat and barley given no fertiliser removed 120 kg P ha-r
and 400 kg K ha-1. Crops given Fl left a small residue of 96 kg P ha-l and 62 kg K ha-r
but a large excess of 543 kg Na ha-r. Those given F2 left large residues of all elements,
the fertiliser dressings of nitrogen and potassium exceeding otrtake by 682 kg N ha-l and
604 kg K ha-r.

Soil analysis

Table 7 shows the change in soil analysis betwe€n autumn 1964 and spring 1976. Total
nitrogen, as expected, changed very little. With no fertiliser, NaHCOs:soluble soil
phosphorus decreased from 22.0 to 19.4 mg P litre-l. Yields showed that only towards

TABLE 7
Top soil analysis in aulumn 1964 and spring 1976

Trcatmetrt

Nona

FO
FI
F2
F2 + FYM

NaHCO3-soluble
Nitrogen phosphorus

(%) (mg litre-r)
Sodium Magnesium

(mg lit e-r)

30 36

Autumn l98l
0.102 22 65

-2.6
+10.1
+16.6
+20-2

Potassium

-8.5
+14.5
+33.2
+4.2

-6.5
-3.4
-3.5
-3.6

-9.6
-tl.9
- 1t.3
-8.0

organic
carbon

0.91

+0 13
+ 0.18

-t-0 37

Change between 1964 and spring 1976r

+ 0.002
+ 0.002
+ 0.004
+0.m5

' B€fore aDnual fertiliser application.
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the end of the period was the concentration of soil phosphorus on Plots given none
sufficiently depressed to affect yield. Thus with 19 mg litre-r in the soil, phosphorus
fertiliser is likely to increase sugar yield, setting a thrcshold level below which response
by sugar beet to phosphorus can be expected, although a further three years ofcropping
are needed to verify it. Both cereal crops responded slightly but inconsistently to
phosphorus.

Plots given no potassium fertiliser decreased from 65'0 to 56'5 mg K litre I whilst plots
given Fl and F2 increased to 79'5 and 98'2 mg K litre-r respectively. F2 + FYM also
greatly increased soil potassium. In contrast to phosphorus, the soil potassium value at
the beginning of the experiment was so small that sugar beet responded greatly to
potassium fertitser. Soil sodium decreased even where it was given in fertiliser for sugar
beet, showing that it does not accumulate in this soil. Organic carbon increased slightly
compared with the amount originally in the soil, probably due to incorporation of
sugar-beet tops every three years. FYM increased organic carbon most, which may
account for some of the otherwise unexplained yield benefits of FYM described above.

50

Change in

40
soil K

.30
mg l-r

tl

lal
------------a-

ll
oa

oo

Frc. 9. mect of potassium fertilise. on excba4Eable soil potassium in rhe 0-25 cm horizon. Autumo,
l96,Spring 1976. a, No K; L 42183 kg 5a-r I'sq-r; I t3/157 kg ha-r y€ar-1 for ceEals and suSar
boet respectively.
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Changes in mil analysis ard fertitiser applicatiol
IiqTT g ut9 2rlgwthe effect ofphosphorus(NlpOKl, NlptKl, Ntp2Kt)and potassium
(NlPlK0, NtPlKl, NlPlK2) fertiliser on ttre amount of each element avaitible in the
soil. The phosphorus in plots given none declined by about 3 mg p litre-r during the
first three years but there was little evidence of furthei decline. Available phosphoris on
plots given fertiliser, however, increased rapidly and at a similar rate tiroulhout the
l2 years.

_ Figure 9.shows the pattern ofchange in soil potassium values during ttre l2-year period.
Soil potassium declined at a similar rate throughout on plots given none, witi an overall
decline ofabout 20 mg K litre-r during 12 years. This decrease was twice that found with
F0 (Table 7) as these plots were given nitrogen which increased yield of cereals and off-

300
P applied

minus

P removed

200

kg ha 't

100

+

0

100

lt
I

!
Itt

rl

a

a

oo

5-0+5 10

Change in soil P mg l-l

^ 
F!c. l_0. ReltloDship P.twe€d cumutativc phocphorus balance and chaDge io soil phGphorus, 1964_76.

O, No P; l, 22 kg ha-r ,earr;  , 44 kg ha-r ),ear-r
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800
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K removed

400
kg ha -t
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t^ 

.t
Jl.I

a

aa

aa

400
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a
O3

20 10 - 0 +10 40 50

Change in soil K mg l-r
Frc. ll. RelalionshiD between cumulative Dotassium balance and change in soil potassium' 1964-76'

a, No K; L 42/83 kd ha-I yearr: A 83/167 kg [6-t y656t for cereals and sugar b€et r6pecrively'

take of potassium. On plots given the normal dressing, there was a small but consistent

increase- but with the double dressing, soil potassium increased greatly. Johnston (1969)

reported a similar linear relationship between potassium balance and soil potassium over

a l0Gyear period in Broadbalk field at Rothamstead.

Changes in soil anallsis a l mtrient bllance

Phosphoms (NlPoKl, NlPlKl, NlP2Kl). Figure 10 shows the relationship between
changes in soil phosphorus and nutrient balance oYer the l2-year-period. With a positive
nutriint balance, the increase in soil phosphorus appeared to be linearly related to the
excess of fertiliser over the amount removed in the crops. Negative values of nutrient
balance, however, caused little change in soil phosphorus.

Potossium (NlPlK0, NlPlKl, NlPlK2). Figure I I shows the relationship between

changes in exchangeable soil potassium and nutrient balance. As with phosphorus, soil
potassium increased when fertiliser application exceeded the amount removed in croPs.

Unlike phosphorus, when fertiliser application was less than the amount removed,
exchangiable soil potassium decreased markedly but at a slower rate ofchange than wheD

nutrient balance was positive.
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Summary anl conclusions

Results are reported from the second six years ofa long-term experiment testing l8 ferti-
liser treatments on leld and composition of crops in a three-course rotation of sugar
beet, winter wheat and spring barley. The experiment was described in full in Rothamsted
Report Ior 1971, Part 2, 155-164, together with results of the first six years. The main
object throughout was to test whether the fertiliser recommendations (Fl) which a
grower would use on these thre€ crops on this soil t)?e were sufficient for maximum yield
or whether larger dressings (F2) might give larger yields after several years ofapplication.

Over the l2-year p€riod Fl increased the mean yield of sugar geatly but F2 gave no
further increase in yield. FYM plus inorganic fertiliser, however, increased yield slightly
more thatr inorganic fertiliser alone. These effects were consistent over each rotation
1971-73 ar,d 197zl-76. Yields of wheat grain were also maximal with Fl but barley
responded to F2 and it was subsequently shown that the bartey needed more nitrogen
for maximum yield than provided by Fl.

The fertiliser treatments had consistent effects on establishment of the sugar-beet
seedlings and on yield and quality of the crop not mentioned in the previous paper. In
particular, nitrogen incorporated in the seedbed about two weeks before sowing decreased
the number of seedlings established. Phosphorus fertiliser applied in the same way also
had a negative but smaller effect whereas potassium and sodium both improved estab-
lishment. The soil was generally adequately supplied with phosphorus whereas it con-
tained little exchangeable potassium and sodium.

Nitrogen greatly depressed sugar percentage of sugar-beet roots and this is now very
important as high sugar perc€ntage is necessary for maximum profit. Since 1969, sugai
percentage ofroots in this experimeot gradually declined as did sugar percentage ofdried
roots. Also, nitrogen consistently depressed juice purity, the Iowest values being in the
l2th year of the experiment. There would appear to be a case for continuing the experi-
ment for at least a further three years to discover whether this decline in sugar perceniage
and juice purity continues or is reversed and to investigate the causes of the eflects. 

-

Yields, particularly of sugar beet, were examined in relation to changes in soil analysis
and nutrient balance (i.e. the amount of a nutrient applied in fertiliser - the amount
removed in crops). Phosphorus fertiliser had little effect on yield because the soil con-
tained sufficient in the available and labile forms. Crop removal of phosphorus on plots
given none resulted in very slight decrease in available soil phosphorus, fuowing thi soil
contained a large labile pool of the element. If continued, the experiment would provide
more information on the extent to which the labile pool would need to be diminisbed
before crops responded to phosphorus fertiliser.

In contrast, the soil was relatively deficient in potassium and sugar beet yield was
increased greatly by potassium and sodium from the start. Nor wai the soil stro gly
buffered against removal of potzssium by crops on plots given none; as crops removed
potassium year by year, so the exchangeable soil potassium decreased at a constant rate
throughout the 12 years. When the application exceeded offtake, the residue accumu-
lated and increased exchangeable soil potassium. When Fl was given, soil potassium
increased marginally oler the 12 years but where F2 was given soil potassium increased
greatly. FYM also improved soil potassium.

These results with phosphorus explain some of the changes in Broom,s Barn farm
soils described in Rothamsted Report for 1976, Part 2, 33 51. As a result of the fertiliser
and cropping policy, available phosphorus on most fields greatly increased during
1960-75, the average value on some fields increasing by 501in 15 yea6. Thus the soil
quickly shows improvement in nutrient status when application rate exceeds crop
removal. As the crops being grown at present are giving no return for the improved
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phosphorus status, there appears to be a case for decreasing farm application rates here

and probably in similar situations elsewhere.
The exchangeable potassium on the farm soils increased only slightly on average and

on some fields declined over the l5-year period. Again the experiment provides an

explanation as the recommended amounts of potassium used, although exceeding of-
ta[e, would be expected to give only small improvement in soil potassium. As the crops,
particularly sugar beet, respond geatly there are good grounds for increasing the usage

of potassium to elsure a larger nutrient balance than in the past.

Ii has been part of farm policy since operations began in 1960 to give FYM once in
the fiye-courss rotation lvith the object of improving soil fertility and uniformity. The
results of soil organic matter analyses from the farm in 1960 and 1975 were also given in
Rothamsted Report for 1976,P*rt2,33-51, and it is of interest to compare those changes

with results in ihis experiment, where FYM was given once in the three-course rotation.
On the farm soils, organic matter changed very little despite a one-year ley being grown

on half the fields. If a change did occur it was a slight decline, probably due to deeper
ploughing and dilution of organic matter with a little subsoil. On the field scale, no
information rvas obtained on the effects of the FYM or ley on yield. In this experiment'
the eflect of FYM on soil organic matter and yield were measured. It increased soil
organic matter sligtrtly but consistently and also improved yield of sugar beet but not
of wheat or barley grain. FYM also increased soil potassium which may explain in part
its effect on sugai yield. It vould appear that large dressings on FYM are useful on this
soil but that small dressings such as 25 t ha-l once every five years are of little benefit

because they give no long-term improvement in soil organic matter.
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