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

https://doi.org/10.23637/ERADOC-1-6 pp 1

Thank  you  for  using  eradoc,  a  platform  to  publish  electronic  copies  of  the  Rothamsted
Documents. Your requested document has been scanned from original documents. If you find
this document is not readible, or you suspect there are some problems, please let us know and
we will correct that.

Rothamsted Experimental
Station Report for 1971 Part

2
Full Table of Content

Long-term Effects of Fertilisers at Broom`s Barn, 1965-1970

A. P. Draycott, M. J. Durrant and D. J. Webb

A. P. Draycott, M. J. Durrant and D. J. Webb (1972) Long-term Effects of Fertilisers at Broom`s Barn,
1965-1970 ; Rothamsted Experimental Station Report For 1971 Part 2, pp 155 - 164 - DOI:
https://doi.org/10.23637/ERADOC-1-37293

http://www.era.rothamsted.ac.uk/eradoc/
http://www.era.rothamsted.ac.uk/eradoc/book/6
http://www.era.rothamsted.ac.uk/eradoc/book/6
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-1-6 pp 2

Long-term EffecB of Fertilisers at Broom's Barn' 1965-70

A. P. DRAYCOTT, M. J. DURRANT and D. J. WEBB

IDEoduction

The fertiliser dressings recommended as being most profitable for sugar beet are- based

on conclusions from many experiments done on commercial farms since 1930 by the

staff of Rothamsted and Eroom's Bam Experimental Stations, in co-operation with the

British Sugar Corporation. Although there is no reason to doubt that the recommenda-

tions are well founded, they can be adversely criticised inasmuch as they are based on

results of annual experiments. Perhaps partly for this reason many growers use more

fertiliser than recommended, believing that what is not used will increase soil fertility
and eventually increase yield.

The experiment explored the value of doubling the amounts of fertiliser nitrogen'
phosphorus and potassium recommended for Broom's Bam soil for each crop in a

ihree-course rotation of sugar b€et, winter wheat and barley. The other objects were 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.

Fiekl rletails

Soil. The exlrriment was on a local variant of the Ashley Series (Hodge & Seale' 1966)

formed from glacial drift overlying chalk at variable depth. The plough layer is a grey-

brown sandy loam with coarse sand overlying sandy clay and chalk at 150-2m cm'

Table I shows some chemical characteristics of samples of the plough layer (G-25 cm)

before the experiment began. Phosphorus fertiliser was not expected to increase yield

as the soil 
"ontuin"d 

40 pp. NaHCOrsoluble P but the small potassium conc€ntration
(65 ppm exchangeable K) indicated a probable response to potassium (and sodium)

fertiliser by sugar beet.

TABLE I
Analysis of soil samples (0-25 cm) taken before the experiment (October 1964)

(For methods of atralysis, sc€ text)

Ntroeeo Bicarbonate-soluble Orgaoic carbon
pH (Y; PhosPhorus (PPm) CA

Mean 7'o 0'102 & 0'91
i-*e" 6'7-1 2 0 090-o'll3 34-48 0'84-l'04

Potassium fuium(ppm) (ppm)

Mean 65 30
Ranse @-75 25-31'5

Calcium
(ppm)

r 780
l,l{n-2450

Magliesium
(ppm)

36
35-40

Crops. All the plots were in a three-course rotation of sugar beet (var. Sharpe's Klein
'g'), winter wheit (var. Cappelle Desprez) and barley (var. Impala)- Table 2 shows the

amounts of fertiliser applied and the 18 treatment combinations tested. Two replicates

of each crop *"re grorrn every year. The same fertiliser treatment combination was
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applied to each plot every year. The residual herbicide .pyramin, was band-sprayed at
2.8 kglha to control weeds in tbe sugar_ beet, which was also sprayed wltU fi.Slg,Ara
'solubor'to prevent boron deficiency and with r680 mr/ba 'Metaiystox R,to kin api'ids.
Herbicides used in the ccreal crops were either 'cambirene' (s.o iitresAa) or .Aciril c'(8'4litres/ha).

I{ry^.ling procedure and plant sempling. Each year an area four rows (51 cm apart)b! 12.45 m of sugar beet was harvested by hand. Roots from each plot were couited,
the tops weighed in the field, and the roots were washed and weighed' in the laboratory.
Samples of the brei were shaken with lead ac€tate solution to exiract sugar, potassium,
sodium and c-amino nitrogen; others *ere used to estimate purity ofihe juice or to
measure the dry matter and nutrient content ofthe roots. Aboui t0 ig tops wire selected
at random,,.subsampled to measure dry matter and nutrient contents.-The remaining
tops were distributed evenly over the plot and ploughed in. Fresh yields of the cereai
crops were measured by weighing the produc€ from an area 3.05 t 13.2g m combine
harvested. Both $ain and straw wele rgmoved from the plot. Dry matter percentage
was determined by drying a subsample of plant material at 

-g5.C 
foi at least 14 hours.

lgil *.p$g. During the spring before applying inorganic fertilisers (but afrer applying
FYM), soil sampl.es_0-25 cm deep were taken from plots to be cropped with ,rgui 6oi
Th9::-*.:T air-dried, ground to pass a 2 mm round-hole sieve and siored until;nalysed
in 1970171.

Chemicat amlysis

P. lTlssm_elT. After drying at 105.C for at least 4 hours, a subsample was ashed at
450'c and phosphorus and cations extmcted with dilute hydrochloric aaid. This solution
was analysed for phosphorus colorimetrically, potassium by flame emission and for
sodium, calcium and magnesium by atomic absorption. Totainitrogen was measured in
another subsample, using a micro Kjeldahl technique with a Cu/SeLalyst.

Soil semples. pH was measured iy a,.l : * wlv of soil : water suslrnsion. phosphorus
was extracted by shaking l g soil with 20mr 0.5M sodium bicar-bonate solution and
determined colorimetrically (Olsen er at._, 1954). potassium, sodium, calcium ard ma!-
nesium were extracted by shaking 2 g soil with,l0 ml normai ammonium nitrate solutio-n
and measured as already described. Soil nitrogen was measured using a micro Kjerdahl
technique.and organic carbon by refluxing soil with potassium dichromate/sulphuric acid
and-tirating the excess dichromate with ferrous ammonium sulphate solutio; (Tinsley,
1950).

Yields

Yields of crops from four treatments are dealt with first: NopoKoNao_which illustrates
the effect of no fertiliser (Fo); NrPrKrNar-found to be 

"nough 
fo. maximum yield in

many annual experiments on commercial farms (F1); NzpzizNar_enough to leave
larg€. nutrient residues (F2) and NzpzKzNar plus Fylri tn, + FVir l. The 

-amounts 
of

fertiliser used are shown in Table 2- yields ofthe three crops each year are i t Rothamsted
Reports for 1965-70, pp. 279,293, 287,293,334 and 270 iespectively.

Mean yields' 
-196+70. Table 3 gives the effect of the four fertiliser treatments on the

mean yield of sugar b€et, winter wheat and barley. Compared with Fq, Fr significantly
increased the yield of all crops. Giving F2 furthei increasid sugar and-6arley yi"ra, urt
t56
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had no effect on wheat yield. When Fz * FYM was used, only sugar beet responded
to the FYM.

TABLE 2

Amounts of each element tested

Crop Nr Nz Pr Pr Kl Kc Nar
Sugar beet lm 2m 22 44 83 167 1,18
Winter wheat 75 t50 22 44 42 83 0
Barley 50 l0O 22 44 42 83 0

(Plots also received 5 t/ha lime in Novembe! 1967)

Fertiliser treatments

FYM

(t,/ha)

30
0
0

NPK
000
100
010
00t
ll0
l0l

NaNP
001
011o2t012

KNaNP
0tlott
022
000

11

Na
I
I
I
O+FYM
I + FYM
I + FYM

l97O M€atr

4-61 5.50
+l .?9 +1.90
+0.58 +0.23
+0.76 +0.34
+0.,{o4 +0.178

2.67 2-91
+0.54 + I .08

-0.54 -O.A+0.12 -0.05
+0.168 +o.l4l

2.67 3.98
+t.33 +2.11
-0.12 -0.10+0.,lo +o.27
+0.267 +O.2ll

1.82 2-43
+1.03 +1.31
+0.43 +0.35
+0.02 -0.01
+0.198 +0'129

1.t0 1.97
+0.91 +r.52
+0.60 +0.85
+0.13 +0.08
+0.183 +0.115

K
0
I

0
I

(Sodium atrd FYM applied for sugar beet only)

TABLE 3

Efect ol four fertiliser lreatments on uop yield, 1965-70

l 5 1966 1967 1968 1969

SuSar (t/18)
5.54 6-14 6.98 4.61 5.01

+2'14 +2'57 +l'42 +2.M +l',+8
+0.56 -0.64 -0.38 +0.83 +0.45
-0.x +0.62 +0.18 -i.0.06 +0.68
+0.339 +0.306 +0.350 +0.309 +0.323

01t20
o2220

2.42
+i.33
-1.33+0.20
+0.380

2.13
+1.67
+l.ll
-o.25
+0.285

3. l8
+1.24
+0.96
-o.49
+0.322

crain at 85 % DM (t/ha)
3.84 3.35 2.lO 3.O5

+0.18 +1.82 +0.97 +t.56
+0.87 -0.21 +0.04 -o.24
-0.13 -o.22 -0.31 -0.04
+0.27r +0.153 +0.220 +0.163

Sugar beet
Fo
Fr-Fo
FrFr
(Fz * FYM)-Fz
s.€.

Winter wheat
FO
Fr-Fo
FrFr
(Fe * FYMFFa
s,e.

FO
Fr-Fo
FrFr
(Fs * FYMFFs
s.e.

Barley
Fo
Fr-Fo
Fz-Fr
(F, + FYM)-F,
s.e.

Fo
Fr-Fo
FrFr
(Fe * FYMFFz
s.e.

Straw ar 85 % DM (r/ha)
4.32 s.6l 4.8 3.41 3.15

+2.& +t.84 +2.95 +1.64 +2.4s
-0.8t -0.33 +0.03 +0.59 +0.23
+0.18 +0.35 +o.42 -0.22 +0.45
+0.589 +0.601 +0.270 +0.230 +0.253

Grain at 85 % DM (t/ha)
3.95 1.8t 2-07 2.80

+0.23 +2.32 +l.m +1.58
+0.68 +0.m +0.10 -0.39+0.15 -o.23 +0.29 -0.04
+0.2@ +o.23s +0.265 +0.181

Straw at 85% DM (t/ha)
1.42 1.78 2-13 2.tA

+l-42 +2.12 +t.35 +2.07
+0.99 +1.07 +o-79 +0.83
+0.37 +0.01 +0.19 +0.24
+0.398 +0.187 I0.301 +0.222

(ks/ha)
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Yiel& each year. Table 3 gives the yield of sugar beet each year. Neither Fz nor
Fz * FYM produced significantly more yield than F1 during the first three years. In
the fourth and later years, the increase in yield from F2 although not significant was
consistent; the increase from Fz * FYM compared with Fr was significant and became
progressively larger. Sugar yields generally decreased b€tween 1967 and 1970 because
of seasonal effects but decreased least with Fz -]- FYM.

Table 3 gives the yield of winter wheat each year. In contrast to sugar beet, more
fertiliser than F1 (with or without FYM) was notjustified even after five years' cropping.
The difference in straw yield between F0 and the other three treatments was similar each
year. All grain and straw yields were small in 1970 when prolonged drought caused the
crop to ripen early.

Table 3 gives the yields of barley each year. Although Fz was clearly needed in 1965
and 1966 to give maximum grain yields, increases over Fl were small in the other four
years. For maimum straw yields Fz was needed every year. FYM given to beet slightly
increased straw yields between 1968 and 1970-

Response to indiYidual elements

Yields from other fertiliser treatments included in the experiment indicate possible
reasons for the response to the double dressing (F2) compared with the recommended
dressing (Fr).

Sugar beet. Table 4 shows the effect of three amounts of each element and of FYM on
sugar yield each year. N1 sumced for maximum yield every year and there was no indica-
tion that giving more benefited the crop in the later years. Phosphorus never gave a
significant increase in yield. In contrast, potassium given without sodium consistently
increased sugar yield, especially in 1969 and 1970. However, when sodium was given

TABLE ,I

Efect of individual nutients on sugar lield, 1965-70

1965

Nitroger (P1Kl given)
No 5'69
Nr-No +2'll
Nz-Nr -0'69

Pho6phorus (NrKr giveD)

PO
Pr-Po
P: Pr

(Fo * FYMFFo
(Fr A FYMFFT
(F* * FYMFFg
s.e.

158

6.63 7.tE
+0.94 -0.14
-0.58 +0.35

7.6t 7.55
+o.M -0-51
-0.50 +o.D

6.21 6.53
+1.36 +0.51
+0.29 +0.21

7. 7.71
+0.75 +0.69

sugEr (tAa)

5.13 5.79
+1.t6 +l'03
-0.03 -0.33

6.39 6.60
-0.10 +o-2.
+0.24 -0.59

5.36 5.t3
+0.95 +1.69
-o-n +0.27

5-r4 7.05
+0-43 -0.56

5.90 6.059
+0.(x +0.86
+0.37 -0.15

5.55 6.91
+0.39 +0.01
+0.13 -0.06

4-95 5-
+0.99 +1.00
+1.02 +0.19

7-53
+0-07

+l-2n
+0.79
+0.34
+0.178

7.76
+0.04
+0.05

Potassium (NlPrNao given)

Ko 7'26
Kr-Ko +0'54KrKr -0',t0

Pot$sium (NrPrNal given)
Ko 8'36
Kr-Ko -0'68

6.57
0.t5

+1.79 +1.07 0 +1.93 +0.9 +1.49
+0.58 +0.35 0 +1.08 +1.02 +1.75
-0.28 +0.62 +0.18 +0.06 +0.68 +0.76
a0'339 +0'306 +0 350 +0'309 +0'323 +0,1o4
Sugar yields for Fo, Fr aod F, arc given io Table 3,
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(as in Fr) there was little response to even the small dressing of potassium. It is not clear
why F2 consistently increased yield more than Fr. As the experiment did not include
factorial combinations of the double dressing of each element, the contribution of an
interaction to the increase in yield from Fz compared with F1 could not be determined.

Wh€rt rnd barley. Table 5 shows that the double dressing of nitrogen, phosphorus or
potassium never gave more yield of wheat grain than the recommended dressing, con-
firming that F1 was enough. However, yield of barley grain was greatest with the double
dressing of nitrogen every year but the recommended dressing of phosphorus and
potassium was sumcient. Probably the barley yielded more from F2 than from F1 simply
because Fr supplied too little nitrogen.

TABLE 5

Efect of individual nutrients on grain lield, 1965-70

1965 1966 1961 1968 t969 1970 Mean
Winter wheat

Nitrogpa (PrKr given)

No
Nr-No
NrNr

Phosphorus (NrKr given)

3.07 4.68+0.m +0.33+0.11 -0.52
Potassium (NrPr given)

Ko 3 91 5'02 s 75 3 12 4'32 2.97 4.19Kr-I(o 0 -0'01 -0'0 +0'58 -0.05 +0.18 +0.10Kc-Kr -0'81 -0'43 -0'36 -0'60 +0'17 -0'5t -0.,Os.e. +0.380 +0-271 +0.153 |O.DO +0.163 +0.158 +0.141

Graio at 85 % DM (t/ha)

2-66 3.45 4.44 l.9r 2-87 2.m 3.O2
+1.31 +1.56 +r.22 +1.79 +1.,() +0.35 +r.27
-1.26 +0.1r -o.Jt -0.60 -0.03 -0.36 -o.4

s.& 2.95 4.39 3.$ 3.93
+0-26 +0.75 -0.12 -0.09 +0.36
+0.04 -0.22 +0.16 +0.05 -0.06

3.16 3.63 2-4t 2.38 3.01 2.27 2.at
+0.88 +t.06 +1.14 +1.20 +1.46 +0.,rO +r.02+0.78 +0.14 +0.70 +0.70 +o.n +0.35 +0.49

Po
PI_PO
Pz-Pr

Barley
Nitrogen (PrKr given)

No
Nr-No
NrNr

Ko
Kr-Ko
Kz-Kr
s.e.

Phosphorus (NrKr given)
Po 3.91 4.49 3.79 3.31 4.17P1-Po +0'13 +O'm -O'24 +O'27 +0'30PrPr +0'35 -0'35 +O'47 +0 03 -0'01

Poassium (NrPr given)

2.56 3-70
+0.11 +0.13
+0.30 +0.t3

4.M 4.46 3.15 3.73 4.17 2.67 3.U
0 +0.3 -0.20 -0.15 +0.10 0 0

-0.33 -0.25 +0.,1o -0.15 -0.14 +0.10 -0.06
+0.285 +O.2@ +O.23s +0.26 +0.181 a0.198 +0.129

Nutrient concentrrtion and uptake

Sugar be€t. Table 6 gives the average amount of each element in sugar-b€€t tops and
roots at harvest. The differences largely reflect changes in root and top dry matter yields-
Without fertiliser (F0), the soil supplied on ayerage more than 107 kg/ha N,20 kg/ha P,
130 kg/ha K and 52 kg/ha Na for each crop at harvest.

lYinter wheat Table 7 shows the total amount of each nutrient in wheat grain plus
straw. Crops lyithout fertiliser contained 66 kg/ha N, 13 kg/ha P, 33 kg/ha K and

159
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TABLE 6

Nutrienl composition of sugat beet-Mean 1965-70

The coEccotratio! (.a io dry DAtter

NitrogE[ Phosphorus

Tops Roots Tops Roots
Fo 2'24 0'56 O f2 O'14
Fr 2'34 0'63 0 31 0'14Fr 2'92 0'88 0'34 0.15
F. + FYM 2'98 0.92 0.33 0.15

Amount in the suga!-beet crop at harvest (kg/ha)

Nitrogen Phosphorus

Potassium

Tops Roots
2.8 0.69
3. r I 0.70
3.13 0.80
3.49 0.96

Potrssium

Sodium

Tops Roots
r.59 0.07
1.61 0.08
t.@ 0.12
1.66 0.1I

Sodium

51 130
70 197
83 258

to2 29

Tops
19

127
r75
197

Tops
IO
l3
19
t9

31 0.5
47 0.6
50 0.7
56 0.9

Roots Total
10m
AN
16 35
16 35

Tops Roots Total
47552
66874
92 13 r05
94 t2 tO6

Roots Total

22 t.7 l0
30 3.0 t6
12 4.4 22
33 3.7 25

Mg

66t3
89 t6
106 15
tt2 t7

12 5-7
l8 6.4
t9 6-2
22 6.7

3.6
5.1
5.9
5.6

4l l0
65 l3
95 l5
90 l5

Barley. Table 7b shows the total amount of each nutrient in barley grain plus straw.
Crops without fertiliser contained 4l kg/ha N, l0 kg/ha P, 22 kg/ha K and 1.7 kg/ha Na.
The sodium fertiliser giyen for sugar beet increased the amount ofsodium in barley more
than in wheat. The rainfall of two \yinters would probably have Ieached any sodium
fertiliser residues so the sodium in the barley probably came from wheat roots (grain
and straw were both removed) or the plant residues from the sugar beet grown two years
before.

Nufriert balarce

Complete rotation. Fig. 1 shows the cumulative effect of three treatments (Fo, Fr and
F2) on nutrient balance (i.e. amount applied-amount removd by crops) between spring
1965 and harvest 1970. without fertiliser, a total of 300 kg/ha N, 65 kg/ha P, 210 kg/ha K
and 18 kgiha Na was removed in two complete rotations. With Fr, the amount ofnitrogen
and potassium applied was very similar to that removed by the crops. Pr more than
balaDced P offtake for all crops, so small amounts of P were added to soil reserves each
year. On average of all crops, the total amount of Na applied greatly exceeded Na
160

Tops Rools Total
Fo 6 4l lO7
Fr 96 & 160
Fz 163 92 255
F: +FYM 168 98 26

Winter wh€at

Fo
Fr
Fg
Fz * FYM

Barley
Fo
Fr
Fz
F: * FYM

0.5 kg/ha Na. Wheat grown on plots rec€iving sodium for sugar b€et showed small
but consistent increases in the concentration of Na in grain and straw. The increased
total amount of Na in the wheat may have come from either fertiliser or decaying sugar
beet tops and fibrous roots.

TABLE 7

Total amount of nufiients (kglha) in cereals at harvest-Meon 1965-70

https://creativecommons.org/licenses/by/4.0/
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(d Nitrcgpn (b) Phosphorus

tB

E
!,o
o
E
o)

fo
l!
I

t
6,

=
CL
G

3

t

(c! Potassium

oFg rFl tlz
Frc. l. Nutrieot balaoce. M€ans of all crops in the rotations 1965-70.

t'tgh'fih'rs7o
qJi*-at tnrvestJ
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taken off. Fz supplied much more of each nutrient than was removed, so by harvest
1970, 300 kg/ha N, 175 kg/ha P, 350 kg/ha K and 250 kg/ha Na had been applied more
than was removed in crops. Fig. I shows more sodium was returned to the soil from Fr
than from Fz because the larger plants produced by Fz removed more.

SoiI analysis

Table 8 shows the change in soil analysis between autumn 1964 and early spring 1970.

Although there were large differences between the amounts of nitrogen tested, the core-
sponding changes in total soil N were too small to be measured reliably. With Fo,
NaHCOs-soluble soil P decreased from 35 to 29'5 ppm. As expected with 29'5 ppm soil
P, sugar beet did not respond to P fertiliser even by 1970, confirming that this fertiliser
need not be given for this crop on such soil (Draycott, Durrant & Boyd, 1971). By con-
trast, the progressive decrease in soil K, on a soil containing small amounts initially,
enhanced response to K fertiliser (Table 4).

The small excess of the major nutrients in Fr over the amounts removed by crops
(Fig. l) is reflected in the small increases in soil P and K (0'5 and l'5 ppm respectively).
Soil Na decreased slightly even though 148 kg/ha Na was given to the beet in 1967,

confirming that none of the sodium given to one sugar beet crop remains for the next

@raycott, Marsh & Tinker, 1970). With F2, soil P and K increased by l3'5 and 20 ppm
respectively. Where FYM was also given, soil P increased by a further 0'5 ppm and soil K
by a further 58'5 ppm. Fz and Fz * FYM produce plants with large tops, which when
ploughed back add to the soil organic matter. Magnesium fertiliser was not given and
soil Mg decreased by up to 7'5 ppm. However, magnesium deficiency symptoms were
not seen, so it is probable the crop was not short of this element (Draycott & Durrant,
1969).

TABI,E 8

Changes in soil analysis between aulumn 1964 and spring 1970

K
(ppm)

- 8.5
+1.5

+20.0
+78.5

Soil samples laken befo.e fertilisei applic.tion but after additioo of FYM.

Changes in soil anrlysis. l trutrient bahnce

Ptmphorus. (NrPoKr, N1P1K1, N1P2Kr or Ps, P1 and P2 resPectively)' Fig. 2a shows
the relationship between changes in NaHCOs-soluble soil P and nutrient balance between
autumn 1964 and harvest 1969, confuming that large amounts ofP must be removed or
applied to change the soil by a measurable amount. When applied phosphorus slightly
exceeded that removed, soil P tended to decrease. On average, giving 150 kg/ha nore
than was removed increased NaHCOs-soluble soil P by about 8 ppm and giving 50 kg/ha
less than was removed decreased soil P by about 5 ppm. These results represent the
cumulative efect over five years. Giving 150 kg/ha P more than a crop temoved in a
single year may afect soil P differently. The analyses were made on soil from the plough
layer and take no a@ount of changes at depth.

162

Bi€$otrate
soluble

P
Gpm)

Fo -5'5Fr +0'5Fg +13'5
F: * FYM +14'0

Na Mg Org. C(ppm) (ppm) (7)
-7.0 -2.s +0.02
-8.5 -5.0 +0.02o -7 -5 +O.23
-2.5 -2.5 +0.09

Exchangeable
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(b) Fotassiun

olfo rft rt{2
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Frc. 2. The relationship betl{een changBs in soil amlysis aDd nutrient balance.

Pottssiom (NrPrKo, NrPrKr, NrPrKz or Ko, Kr and Kz respectively). Fig. 2b shows
the relationship between changes in exchangeable soil K and nutrient balancr. In agree-
ment with Warren and Johnson (1962) and Mattingly, Johnson and Chater (1970),
exchangeable soil K did not increase or decrease at the same rate as calculated from the
nutrient balance, so either some was 'fixed' and/or some lost by leaching. On average,
giving 100 kg/ha more K than was removed increased exchangeable soil K by about
10 ppm. When more than 75 kg/ha K had been removed, there were oDly small further
decreases in exchangeable soil K, suggesting either that crops were using 'non-exchange-
able' soil K or exchangeable K was being used from below the plough layer.

Sommar5r rnd conclusions

Results are reported from the first six years of a long-term experiment testing 18
fertiliser treatments on yield and composition of crops in a three-course rotation of
sugar beet, winter wheat and spring barley. The main object was to see whether the
fertiliser recommendation (F1, Table 2) based on many annual experiments on com-
mercial farms was sufficient for a rotation at Broom's Bam or rvhether a larger dressing
(Fz) might give larger yields after several years of testing.
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Fr produced maximum yield of sugar during the first three years but F2 slightly more
during the second three. The recommended dressing of nitrogen gave maximum yield
every year and phosphorus fertiliser was not needed by sugar beet any year- Without
sodium, the double dressing of potassium was needed but with sodium (as in Fr) there
was little response to potassium. It is therefore not clear why sugar beet with Fz out-
yielded Fr in the later years. Nor is it clear why FYM increased yield slightly in most
years even with F2. The cereal yields showed that F1 sufficed for wheat but barley needed
the double dressing of nitrogen.

Crops on plots without fertiliser removed about 300 kg/ha N, 60 kg/ha P and220 kglha
K during the six years. Fr supplied about the same amount of each element as was taken
off in crops, whereas Fz supplied about 300 kglha N, 160 kgiha P and 350 kg/ha K
more than crops removed. Soil phosphorus extracted with sodium bicarbonate solution
was related to, but always much smaller than, the amount calculated from fertiliser
additions and crop offtakes. When potassium was added or small amounts removed,
there was a smaller but related change in soil potassium; when more than 75 kgiha
potassium was removed, soil potassium decreased only slightly.

The experiment provides little evidence that recommendations based on annual trials
need increasing when the yields during six years of cropping are considered. However,
the experiment will be continued unchanged in l97l-73 in order to see whether the sugar
beet does respond more to Fz than Fr In 1974-76 the plots will be split and the experi-
ment cropped uniformly to compare the value of the accumulated fertiliser residues with
fresh fertiliser.
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