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THE RESIDUAL VALUE OF FARMYARD MANURE AND SUPERPHOSPHATE IN THE SAXMUNDHAM ROTATION I1
EXPERIMENT, 1899-1968 (1970)

The Residual Value of Farmyard Manure and Superphosphate
in the Saxmundham Rotation II Experiment, 1899-1968

G. E. G. MATTINGLY, A. E. JOHNSTON and MARGARET CHATER

Introduction

The Rotation II experiment on Harwood’s field at Saxmundham started
in autumn, 1899, in the same year and tested the same 4-course rotation
(wheat, roots, barley and a legume), as Rotation I. It was designed by
Sir William Somerville, the first Drapers Professor of Agriculture at
Cambridge, to determine how limited amounts of farmyard manure
(FYM), nitrogen (as sodium nitrate) and phosphorus (as superphosphate)
could best be distributed throughout the rotation. There were four blocks,
one for each crop, and ten manurial treatments in each block. The history,
including changes in manuring and results from the experiment were
described by Oldershaw (1941) and Boyd and Trist (1966).

By 1952, although the cropping and manuring were no longer relevant
to East Anglian farming, it was decided to keep seven of the original
treatments on two of the four blocks for a further three rotations. The
arrangement of these 14 plots, in relation to Rotation I, is shown schematic-
ally by Trist and Boyd (1966). They were manured and cropped, continu-
ing the original rotation on the blocks known as Victors and Neals, until 1964.

In 1965 a new experiment was started on these plots to assess the value
of soil P analysis on this soil. The adjacent two plots of treatment 8 of the
original experiment, to which no P was added between 1952 and 1964,
were included in the new experiment.

The sequence of cropping during the 4 years was barley, potatoes,
turnips or sugar beet and barley. In 1969, the main plots of the experiment
were divided into microplots to test, between 1969 and 1972, the value of
the ‘old’ (1899-1964) and ‘new’ (1965-68) phosphate residues for three
crops, potatoes, sugar beet and barley grown each year.

In this paper we describe:

1. the analysis of the soils, at the end of the original (1899-1964)
manuring,

2. the changes in soil analysis between 1964 and 1968 and

3. the crop yields and nutrients removed between 1965 and 1968.

Methods of analysis

Soils were sampled 0-8 in. deep during autumn 1964 and 0-10 in. during
autumn 1966 and 1968. These depths represented the plough layer, g
which was deepened in winter 1964/65 to improve the drainage and water-
holding capacity of the surface soil.
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The methods of analysis used were those described for soils from
Rotation I (Cooke, Mattingly & Williams, 1958), except that:

1. CaCO3 was measured by the method of Tinsley, Taylor and Moore
(1951).

2. Total P was determined after fusion with Na2COs (Mattingly,
1970).

3. Exchangeable-K was measured by successively extracting 6-25 g of
soil with N-ammonium acetate (250 ml).

4. Labile P (Pe) was measured by isotopic exchange in 0-02M KCl
(Arambarri & Talibudeen, 1959) using a soil : solution ratio of 1 : 200
and a period of 150 hours for exchange.

Treatments, 1899-1964

Table 1 lists the treatments and mean yields of all crops, which were given
previously by Boyd and Trist (1966). Although different crops in the rota-
tion were dressed with FYM (10 tons/acre), sodium nitrate (26 Ib N/acre)
and superphosphate (73-5 1b P/acre), treatments 3 to 7 received the same
total amounts of FYM, N and P in each 4-course rotation; treatment 8
received twice the amount of superphosphate (until 1952), treatment 2
received only FYM and treatment 1 was always unmanured.
Boyd and Trist stated in 1964:

‘Perhaps the most important lesson to be learnt from the results of Rota-
tion II came from the evidence it provided of the value of FYM and P
fertiliser in raising yields of all crops in the rotation, not only those to
which they were applied. Thus a single dressing of 10 tons FYM applied to
wheat (treatment 2) not only increased the wheat yield by about a third
compared with the unmanured plots (treatment 1) but also doubled the
yield of mangolds, increased barley yield by almost a quarter and the
yield of beans and clover, three crops later, by about a third. The applica-
tion of P in addition to FYM gave further large increases in yield for all
crops of the rotation whether or not the P fertiliser was applied directly to
them. Indeed it is obvious from a study of the yields of treatments 3 to 7
that profitability of the rotation as a whole was only slightly influenced by
the particular crop of the rotation to which the P was applied.’

The small differences between yields of treatments 3 to 7 are important
to the subsequent use of the site which, in 1964, consisted of large areas of
two blocks (Victors and Neals) that had received the same manuring for
65 years and from which almost the same quantities of crops had been
removed.

The exact amounts of P applied to this soil are not known as neither
the FYM nor superphosphate were analysed. Table 2 gives the total
weights of FYM and superphosphate applied between 1899 and 1964 and
estimates of the total P and K applied. These estimates are based on the
following assumptions:
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1. that superphosphate contained 8-759, P, which very much over-
estimates the amounts applied in the early years of the experiment;

2. that FYM contained 44 1b P/10 tons, a value used previously for
Rotation I (Cooke, Mattingly & Williams, 1958), which agrees well
with analyses of the FYM applied in 1965 and 1966 (Table 6).

TABLE 2

Total amounts of FYM and superphosphate, and estimates of total P and K
applied to Rotation II, 1899-1964

Total applied Estimated P Esti-

per acre applied (Ib/acre) mated K
- O A , applied
Super- (Ibjacre)
Manuring per acre phos- Super-
Treat- 1899-1964 Treatment FYM  phate phos-
ment (per 4 years) symbol (tons) (cwt) FYM phate Total FYM
1 None None None None None None None None
2 10 tons FYM FYM 160 None 705 None 705 1600
3 FYM + P 160 107-5 705 1050 1755 1600
4 10 tons FYM plus FYM + P 160 107-5 705 1050 1755 1600
5 74 cwt superphosphate FYM + P 160 107-5 705 1050 1755 1600
6 (P) (5 cwt before 1921) FYM + P 160 107-5 705 1050 1755 1600
7 FYM + P 160 107-5 705 1050 1755 1600
8 Manuring stopped in FYM + 2P 130 170 575 1665 2240 1300

1952; until then 10 tons
FYM plus 15 cwt super-
phosphate (2P) (10 cwt
before 1921)

Soil analysis, 1964

Table 3 gives analyses of the soils taken from the experiment in 1964, as
means of the two blocks. Analyses from the two blocks were similar except
for values of NaHCOgs-soluble P, labile P and 1pCa - pH2POy, some of
which are given for the separate blocks (Table 4) and are discussed further
below.

All plots contain free CaCOg3 (0-3t0 0-6 %) and pH values (in 0-01 M CaClz),
greatest on treatment 1, range only from 7-05 to 7-36. Farmyard manure
alone (treatment 2) increased %C, %N, total P, all values of soluble P
and exchangeable K and decreased $pCa + pH2PO4. Where superphos-
phate was given once in the rotation, in addition to FYM (treatments 3 to 7),
or twice until 1952 (treatment 8), the % C was slightly (0-10%,) larger, the
mean %N was the same and total soil P about 180 ppm more than with
only FYM. The NaHCOg-soluble P and labile P values for treatments
3 to 8 (averaging both blocks) range from 38 to 44 and 108 to 120 ppm P
respectively and are approximately three times larger than on the FYM
only plot (treatment 2). The monocalcium phosphate potentials ranged
from 6-90 to 6-98 and are about 0-8 units less than on treatment 2.

The mean analyses of the two blocks (Table 3) conceal the differences
between soluble and labile P analyses because of the year when the last
dressings of superphosphate were applied. Table 4 shows values of
NaHCOs-soluble P, labile P, P concentrations in 0-01 M CaCl; and
1pCa + pH2POj in 1964, for single plots given superphosphate in either
autumn 1963 or autumn 1960. There was more soluble and labile P in
soils given superphosphate one year before sampling than in soils given
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TABLE 4
Soil analysis in relation to the application of FYM and superphosphate
Super- P
FYM  phosphate Labile concen-
Treat- last last NaHCO:- P tration ipCa
Block ment  applied applied P (ppm) (ppm) (u MP/l) -+ pH:PO4

Victors 2 1962 None 10 41 0-5 7-81
Neals 2 1963 None 12 48 0-5 T-71
Victors 3 1962 1963 52 132 6-3 6-69
Neals 3 1963 1960 28 86 2-0 7-13
Victors 7 1962 1963 54 136 6-4 6-75
Neals 7 1963 1960 35 105 2:7 7-06

phosphate four years before. Values of NaHCOgs-soluble P ranged from
about 50 ppm, in the year when P was applied, to about 30 ppm three years
later. The yields of cereals and mangolds, however, increased only slightly
when P was given (Table 1), probably because small crops were grown
with the little N (26 Ib/acre in addition to FYM) applied in the old rotation.

Unlike Rotation I, which tested K, potassium fertilisers were not given
in Rotation II but some K was applied in the FYM given to treatments
2 to 8. If the FYM applied between 1899 and 1964 contained the same
amount of K (100 Ib K/10 tons FYM) as that applied in 1965 and 1966,
then only 25 Ib K was given on average each year. Most of this small
amount of K was probably removed by the crops because increases in
exchangeable K in the soils shown in Table 2 were small. Cooke and
Williams (1966) showed by crop analysis that in Rotation I in 1964 and
1965 nearly all the K (50 Ib K /acre) applied annually as potassium chloride
was removed in the crops when N and P were also given.

Comparison of soil analyses of Rotation I (1957) and
Rotation IT (1964)

Total C, N and P. All plots of Rotation I were sampled (0-8 in.) and
analysed in March, 1957 (Cooke, Mattingly & Williams, 1958), when the
experiment was still ploughed to the same depth as Rotation 1I. Table 5

TABLE 5
Comparison of soil analyses (0-8 in.) on Rotation I* (in 1957) and Rotation 11
(in 1964)
Rota- Treat- Total P NaHCO,- Labile P iCa
tion ment Treatment/acre/4 years %C %N (ppm) P (ppm) (ppm) +pH,PO,
6 None 0-94 0-135 460D 2 28 8-60
i§ 1 24 tons FYM 1-55 0-199 7500 33 145 6-64
10  Sodium nitrate, 8 cwt 1-01 0-144 6000 19 92 7-60
superphosphate, 8 cwt
potassium chloride,
4 cwt
1 None 0-82 0-127 434 6 20 8-36
2 10tons FYM 1-08 0-160 505 12 44 7-79
3-7 10 tons FYM plus 1-18 0-162 687 41 113 6-92

74 cwt superphosphate,
sodium nitrate, 14 cwt

3 Some analyses of Rotation I are from Cooke, Mattingly and Williams (1958).
b Measured by HCIO, digestion (Pp) and calculated for fusion analysis (Pr) using the following relation
Py = 38-8 + 1-0021 Py, (Mattingly, 1970).
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compares some analyses of soils taken from the two experiments in 1957
and 1964 respectively. The %C, %N and total P contents of the unmanured
soils from both experiments were very similar. The increases in 26 YN
and total P contents (A %C, A%N, AP;) of soils given FYM in both rota-
tions (Rotation I, treatment 1; Rotation II, treatment 2) were:

AY%C A%N  AP; (ppm)

Rotation I +0-61 -+0-064 +290
Rotation II +0-26 +0-033 +71
Ratio I/II 23 1-9 4-1

The ratio of the increases in %C and %N are very close to the ratio
(2-2) of the total amounts of FYM applied to the two rotations, which
suggests that, for the same rotation, the accumulation of organic matter is
proportional to the amounts applied and is the same at Saxmundham
whether FYM is given each year (Rotation I) or every 4 years (Rotation
II).

In contrast to the good agreement between the accumulation of C and N
and the amounts of FYM added in both rotations, proportionally more P
remained in the soil from the larger amounts of FYM given to Rotation I.
The amounts of P applied in FYM to Rotations I and II can be estimated
assuming that a ton of FYM contained 4-4 Ib P. The total amounts of P
removed by crops in each experiment were estimated from the difference
between the total applied and the increase in total soil P in the plough
layer. Using a bulk density of 1-6 g/cm? (Williams, 1966), the total weight
of soil in an 8 in. plough layer is 2-8 x 108 Ib.

On the basis of the above assumptions, the amounts of P applied to
and recovered from both rotations were:

Total
Total P recovered
P applied

Treatment/acre/rotation (Ib/acre) Ib/acre Y

Rotation I FYM 24 tons 1530 710 46
(1899-1957)

Rotation II FYM 10 tons 705 505 72
(1899-1964)

Rotation IT FYM 10 tons 1755 1045 60

(1899-1964)  Superphosphate 7% cwt

Despite the small amounts of N given in both rotations, between 46 %,
and 727, of the total P applied has been recovered by cropping. Much
less P would presumably remain in these soils had more N been used and
larger crops grown.

Soluble and labile P. Figs.1,2and 3 show the changes in labile P, NaHCO3-
soluble P and 4pCa + pH3PO; in the soils of both rotations in relation
to the net increase in total soil P (AP;)) between 1899-1957 (Rotation I)
or 1899-1964 (Rotation II). Values for the two rotations agree well. Soil P
increased most (4290 ppm P) on FYM plots of Rotation I, which also
contained the most labile P and maintained the smallest values of
4pCa + pH2POs. The NaHCOs-soluble P (33 ppm) was less on these
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plots than the mean value (41 ppm) for Rotation II (treatments 3 to 7),
given in Table 3, which was derived from analyses of all 10 plots given
73-5 1b P/acre as superphosphate during the three years before the soils
were sampled. The NaHCO3-soluble P in the 4 plots, last given P in 1960
or 1961 (31 ppm), probably more nearly represents an equilibrium value
for this treatment and is used in the calculations below and in Fig. 2.

Labile P (ppm) NaHCO,—soluble P (ppm) 1pCa-}pH,PO,
10~ o[
RiFYM+ 2@ SO
] RIFYM) @
140 |-
RI(FYM)
RIFYM+P) 65k
120 b= 0f=
RII(FYM--2P) RI (FYM
RIFYM-P) f@ e
RIFYM. | P)
100 = 70 RII(FYM+2P) ®
RI{NPK) @
80 W=
75
) RI(FYM)
RIFYM) By
40 10
4 )
[ 85—
20 @=RIIO) ? RI(O)
@ RIO)
Fig. | Fig. 2 Fig. 3
L 1 J & 1 ) L L 3
100 200 300 100 200 300 100 200 300

Increase in total soil P (~.P;), ppm

Fics. 1, 2 and 3. Relationships between labile P (Fig. 1), 0-5M NaHCOs-soluble P
(Fig. 2) and 1pCa - pH2PO4 (Fig. 3) and increases in total soil P (APy) for soils from
Rotation I (1899-1957) and Rotation II (1899-1964).

Rotation Symbol Manuring Treatment
I RI(FYM) FYM, 6 tons/acre annually 1
RI(0) Unmanured 6
RI(NPK) NK plus superphosphate, 10
2 cwt/acre, annually
II RII(O) Unmanured 1
RIFYM) FYM, 10 tons/acre, once in 2.
4 years
RII(FYM + P) FYM, 10 tons/acre, plus super- 3-7
phosphate, 74 cwt/acre, once
in 4 years
RII(FYM + 2P) FYM, 10 tons/acre, plus super- 8

phosphate, 15 cwt/acre, once
in 4 years until 1952

98

Rothamsted Experimental Station Report

for 1969 Part 2

pp9



THE RESIDUAL VALUE OF FARMYARD MANURE AND SUPERPHOSPHATE IN THE SAXMUNDHAM ROTATION I1
EXPERIMENT, 1899-1968 (1970)

THE SAXMUNDHAM ROTATION II EXPERIMENT

A

(‘SurySnod aiojaq suissaip uwnine [1y)

"L961 ‘Gurids ur jrey 1996T ‘utunine ul jeH p
'9961 “Burids ul jley {¢96] ‘Uwmne ul jleH q

QUON QUON AUON QUON QUON SUON QUON QUON QUON
Ok (U4 SUON pL¥l QUON, alvl QUON Lyl QUON
0Tc 0ZT UON pS-€L QUON qS-€L QUON S-EL QUON
9ty 0ZT 90T pS-EL 00T qS €L w0T §-£L SUON
902 QUON 907 QUON 002 QUON +0T QUON QUON

AUON QUON QUON QUON] QUON QUON QUON JUON QUON
AUON SUON QUON QUON QUON] QUON AUON QUON QUON
QUON QUON QUON QuUON QUON QUON QUON JUON QUON
[e10], aeydsoyd WAA aI0v/d qI  9108/sU0) ae/d qp  e1or/suo) 208/d q]  9IdE/suo)

-1adng reydsoyd WAL ajeydsoyd WAL aeydsoyd WA

-ladng -ladng -1adng
~—— J o v N ~ Ayl S v
89-6961 (319%/q)) pardde g (w10, L961 9961 $961

(8961 ur :yeydsoydiadns 10 WA ON)
89-C961 ‘[I uouvoy ur payddp ajpydsoydiadns pup WA 4

9 HTAVL

‘0961 ‘uwmine parddy ,
'6961 ‘uunine parddy o

d? + WAd
d + WAHA
d + WAA
d + WA
d + WAL
d + WAL

WA
QUON

1961-6681
suunuep

bl el e R T=1 -]

juauujear ],

99

pp 10

Rothamsted Experimental Station Report

for 1969 Part 2



THE RESIDUAL VALUE OF FARMYARD MANURE AND SUPERPHOSPHATE IN THE SAXMUNDHAM ROTATION I1
EXPERIMENT, 1899-1968 (1970)

ROTHAMSTED REPORT FOR 1969, PART 2

8l
681
181
11z
1414
CLI
43!
SL

A

~ont oo~ \O0
NTOT T~
—eN AN —

=9}

961 ur Asieq Joj pardde a1om sTUISSAIp AwWes Y], q

801
8II
1418
9tl
6Tl
CII
86

09

N

=

19-% 8T-91
91-¢ 0981
861 €2 81
€§-§ ¥€-0T
w-< Lvy-0C
YLV £8-91
I-¥ 9S-I
20T Sv-L
Jonew AI(q sIoqn) 1oL

LN

QUON QUON
QUON alvl
SUON qS-£L

0z aS-tL
0z QUON
AUON QUON
AUON AUON
QUON QUON

(P100/su0)) (a10e/q[)

WAL d

(101 'd 99s) Sunnuewr 3 pue N PIARaI s10[d [V =

d + WAL
d + WAL
d + WAL
d + WAL
d + WA
d -+ WAL

WAL
QUON

PO61-6681
‘Bupnuey

et n\o oo

juaujealy,

LN

a10B/q[ ‘s19qM) :<_ SJUALIINU R0,

e Ko Ko Bl -H-0 0]
TN
e g g g e p— —

=

ohos\mnﬁm ‘SpPIRIX

8 UIdV.L
p-It 8:TS
-t 8:C9
[-PE 9:9¢
£ve L-9S
(4 4> |49
99t 89S
£-1¢ L-0S
6-ST 19 X4

(1onewr A1p (1on3uwr AIp)
70 §8) 150ATRY Ang ut
je urein) doud uzainy

J LN

J

1
aroe/q[ ‘mens snd ured ur sjusLnnu [Bl0],

Eu.mbam ‘SPIOILA

996] ur dm:mu_._:.mE
Qo6 U1 sayvidn juargnu pup saoiprod fo splaix

QUON

Lyl
S-EL
SEL

QUON
QuUON
QUON
QUON

(210%/4 qr)
S96[ Ul yFULINUBIA

§961 ut saymdn juatanu pup a140q fo spja1f

L ATAV.L

d

ol

=By By Py -y
++++++

WAL
WAL
WAL
WAL
NAA
WAL

WAL
QUON

$961-6681 ‘Burmuepy

—nTn\or-ow

JuauIeAL Y,

100

pp 11

Rothamsted Experimental Station Report

for 1969 Part 2



THE RESIDUAL VALUE OF FARMYARD MANURE AND SUPERPHOSPHATE IN THE SAXMUNDHAM ROTATION I1
EXPERIMENT, 1899-1968 (1970) i
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Fitted regression lines give the following changes in 1pCa + pH2POy,
NaHCOs-soluble P and labile P for every 1 ppm (about 2-8 Ib P/acre)
that accumulates in the soil from residues of FYM or superphosphate.

(@) A(3pCa -+ pH2PO4)/AP; = —57 + 53 x 104

(b) ANaHCOg3-soluble P/AP; = +4-0-11 + 0-007

(c) APe/AP; = -4-0-37 4 0-038

These measurements provide an approximate guide to the changes in

$pCa + pH2PO4, NaHCOj3-soluble P and labile P in Saxmundham soils,
and probably also in similar Chalky Boulder-Clay soils, as P residues
accumulate in them. The proportion of the total applied P that remains
isotopically labile (= 40 %) is about the same (3040 %) as in Rothamsted
soils (Mattingly & Talibudeen, 1961). NaHCOs-soluble P increased in
about 60 years by about one-tenth of the total P remaining in the soil.

Yields and nutrient uptakes, 1965-68

After the deeper ploughing in autumn, 1964, new dressings of FYM and/or
superphosphate were given from 1965 to 1967 to produce ‘new’ P residues
to compare with the ‘old’ P residues on treatments 2, 3 and 8. Treatments
4 and 5 were given 40 tons FYM/acre between 1965 and 1966; treatments
5 and 6 were given a total of 220 Ib P/acre, and treatment 7 a total of
440 1b P/acre as triple superphosphate (21% P) between 1965 and 1967.
P was not given in 1968, to ensure mixing and equilibration of the new P
throughout the plough layer. Table 6 gives the amounts of FYM, super-
phosphate and P added between 1965 and 1968.

The plots of the old experiment (1899-1964) were 132 ft long and 18 ft
wide. Each plot was divided at harvest in 1965 into two halves, each 66 ft
long and 18 ft wide. Between 1965 and 1968 yields were taken from each
half-plot, making four replications for each treatment. Barley was drilled
along the plots and rows of potatoes (at 28 in. spacing) and sugar beet and
turnips (in split plots at 18 in. spacing) were planted across the plots. The
varieties grown and basal manuring were:

Ib/acre
Year Crop Variety N K
1965 Barley Proctor 9% 93
1966  Potatoes Pentland Dell 135 186
1967 Sugar beet Klein E 135 111
Turnips Green 135 111
1968 Barley Zephyr 84 45

Tables 7 to 11 give the crop yields and nutrients removed. Barley (grain
and straw), potato tubers and sugar beet roots were all removed from the
plots. Sugar beet tops and turnips (tops and roots) were all ploughed in
on the plots where they grew.

Barley, 1965. Grain yields (Table 7) ranged from 16 to 34 cwt/acre. The
residues of FYM given once every 4 years from 1899-1964 doubled yields
(treatment 2) and the residues of FYM + P (treatments 3 and 4) gave
slightly better yields (34'4 cwt/acre). Fresh superphosphate given in 1965
(treatments 5, 6 and 7) gave no extra yield.
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THE RESIDUAL VALUE OF FARMYARD MANURE AND SUPERPHOSPHATE IN THE SAXMUNDHAM ROTATION I1
EXPERIMENT, 1899-1968 (1970)

THE SAXMUNDHAM ROTATION II EXPERIMENT

Potatoes, 1966. Potatoes, which were planted in an excellent seedbed and
grew well throughout the season, gave yields ranging from about 7-5 to
more than 20 tons tubers/acre (Table 8). Yields were doubled by residues
of farmyard manure (treatment 2) and increased by a further 1-7 to 2-3 tons/
acre where FYM + P was given before 1964 (treatments 3 and 8). In
contrast to barley, potatoes gave bigger yields with new P in 1966 in the
presence of residues. Compared to FYM <+ P residues (treatment 3), which
gave 16+8 tons/acre, 73-5 and 147 Ib P/acre as fresh superphosphate (treat-
ments 6 and 7) both produced a further increase of about 2 tons/acre,
whereas the largest yields, about 20-4 tons/acre, were on plots given 20 tons
FYM/acre the previous autumn, either without (treatment 4) or with
(treatment 5) fresh superphosphate.

The following table compares yields and uptakes of N, P and K with
and without FYM.

Uptake

Total P (Ib/acre)
applied 1966 Yield ——
(Ib P/acre) (tons/acre) N P K
. 4 111 2047 129 24-3 214
With FYM {5 184 20-34 136 248 211
Mean 147 2040 132 246 212
: 6 73-5 1823 114 21-7 181
Without FYM {7 147 1860 118 23-6 189
Mean 110 1842 116 22-6 185

Potato tops remained greener throughout the season on plots given FYM
and this better growth, which may have increased yield, was associated
with larger uptakes of N, P and K.

Turnips and sugar beet, 1967. Early growth of both crops was good, but
during the dry weather later the turnips flowered before lifting and were
dry and poor quality when harvested in July. Yields of turnip roots
(Table 9) increased from 2-2 tons/acre (treatment 1) to 7 tons/acre on plots
with old residues (treatments 3 and 8). Adding fresh P, either as FYM or
superphosphate (treatments 4, 5, 6 and 7), gave only 1 ton/acre more roots.
As the potatoes, turnips removed more N, P and K (Table 9) from plots
given fresh FYM than from those given fresh superphosphate but, in con-
trast to potatoes in 1966, or sugar beet in 1967, yields were not larger.
Sugar-beet yields (Table 10) ranged from 8-3 to 196 tons of roots/acre
and sugar yields from 26 to 67 cwt/acre. ‘Old’ residues of FYM (treatment
2) and of FYM - superphosphate (treatment 3) increased sugar yields
by 21 and 33 cwt/acre respectively. Compared to treatment 3 (59 cwt/
acre), fresh superphosphate (treatments 6 and 7) increased yields by a
further 4 to 5 cwt/acre, and fresh FYM, alone or with superphosphate
(treatments 4 and 5), gave a further 3 cwt sugar/acre. The larger yields of
tops and roots with fresh FYM contained more N and K and slightly more
P and Mg. |

Barley, 1968. The yield without P (treatment 1)in 1968, 24 cwt/acre (Table |
11) was 8 cwt/acre more than in 1965 (Table 7). The crop, especially on
treatments 4 to 8, lodged and yields with ‘old’ and ‘new’ P residues were
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2 to 3 cwt smaller in 1968 than in 1965. Straw yields in 1968 were doubled
by ‘old’ residues of FYM and superphosphate (treatment 3), but were not
increased further by ‘new’ residues (treatments 4 to 7).

Soil analyses, 1966 and 1968

Changes in total P and exchangeable K. Tables 12 and 13 give analyses of
soils from all treatments sampled before ploughing in 1966 and 1968. It is
impossible to compare them quantitatively with those from 1964 (Table 2)
without allowing for the increase in the depth of ploughing (from about
8 to about 10 in.) between 1964 and 1966. Table 14 shows that deeper
ploughing diluted the mean concentration of soil C, N and P on treatments
1, 2, 3 and 8 (to which no P was added between 1965 and 1968) by a factor
of 0-85 to 0-89. In contrast, ploughing increased % CaCOg in the surface
soil because the soil below 8 in. is calcareous. There was no further signifi-
cant change between 1966 and 1968.

TABLE 14

Mean %,C, %N, total P (ppm) and %,CaCOg in soils from treatments 8
2, 3. and 8 in 1964, 1966 and 1968

Ratio
1966/ 1968/
1964 1966 1968 1964 1966
% 1-06 0-94 0-97 0-89 1-03
%N 0-154 0-138 0-134 0-89 0-97
Total P (ppm) 577 489 491 0-85 1-00
%, CaCOs 0-44 0-47 0-48 1-07 1-02

Between 1965 and 1968 the amounts of both P and K applied as ferti-
lisers and in FYM exceeded the amounts removed by cropping. Table 15
gives a balance for the additions and removals of P and K and the changes
in total P and exchangeable K in the soils between 1964 and 1968. In these
calculations we assume:

1. the effective plough depth was 8-0 in. in 1964 and 9-5 in. in 1968.
(This is consistent with the dilution factor of 0-85 for total P measured
between 1964 and 1968).

2. The weight of soil per acre per in. = 0-35 x 108 Ib, corresponding
to a bulk density of 1-6 g/cm?.

3. No P and K in turnip tops and roots and sugar beet tops was lost
before they were ploughed back into the soil.

Except for treatments 1 and 2, the net loss or gain of P by manuring and
cropping agreed well with the change in total soil P in the plough layer,
and the average of the two values for all 8 treatments differed by only
30 Ib P/acre.

Fig. 4 shows the decline in the total P content of all the soils between
1964 and 1966 as a result of deeper ploughing. Where P was not given
(treatments 1, 2, 3 and 8), there was little further change between 1966 and
1968, but where it was total soil P increased, especially where the most
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Total P (ppm) Labile P (ppm)

800 180 ™

700

500 60 -

|

40

Fig- 4 Fig. 5
1 ] 1 ]
1964 1966 1968 1964 1966 1948
FiGs. 4 and 5. Changes in total soil P (Fig. 4) and labile P (Fig. 5) in Rotation II
between 1964 and 1968.

P applied
Manuring, (Ib/acre),
Treatment 1899-1964» 1965-68"
1 None None
2 FYM None
3 FYM + P None
4 FYM 4 P 206
3 FYM + P 426
6 FYM + P 220
7 FYM + P 440
8 FYM + 2P None
2 For details, see Table 1. b For details, see Table 6.

FYM and superphosphate were given (treatments 5 and 7). However, the
largest P contents in 1968 (696 ppm) were still smaller than in 1964, even
though 440 Ib P/acre was given as superphosphate (treatment 7) and
426 1b P/acre as FYM and superphosphate (treatment 5).

In contrast, the exchangeable K in the plough layer increased less than
the net gain in applied K. Where FYM was given the increase in exchange-
able K in the top 9-5 in. of soil was only one-half and one-third of the gain
in K from manuring on treatments 4 and 5 respectively. Much of the
apparent loss probably reflected fixation in non-exchangeable forms
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NaHCO, soluble P (ppm)
nr 7

1pCa+pH,PO,

65 F

85 I

Fig. 7
] 1 J
1564 1966 1968 1964 1966 1968

Fics. 6 and 7. Changes in 0-5M NaHCOs-soluble P (Fig. 6) and §pCa + pH:2PO,
(Fig. 7) in Rotation II between 1964 and 1968.
(For key to treatments, see Figs. 4 and 5.)

Fig. 6
1

(which were not measured) in this slightly calcareous soil, but some K
may have leached below plough depth.

Changes in NaHCOj3-soluble and labile P. Values of labile P (Fig. 5) either
declined or remained almost constant, and NaHCOs-soluble P values
(Fig. 6) all declined where fresh P was not given (treatments 1, 2, 3 and 8),
not only between 1964 and 1966 but also between 1966 and 1968. Soluble
and labile P increased where most fresh FYM or superphosphate were
given (treatments 5 and 7) and were maintained at the 1964 amounts in
treatments 4 and 6. This increase occurred even though the residues of
‘fresh” FYM and superphosphate did not increase total soil P content
(ppm) because they were distributed through more soil in 1968 than in
1964. The increases in NaHCOs-soluble P and labile P between 1964 and

1968 were:
Increase 1964-68
A
‘ ppm 1b P/acre
's ~ e A ]
Treat- NaHCO3; Labile NaHCOs; Labile
ment Manuring 1965-67 soluble-P P soluble-P o
5 FYM, 40 tons plus 220 1b P/
acre as superphosphate +16 +44 +76 +203
T 440 1b P/acre as super-
phosphate +23 +46 +100 +207

ments 5 and 7) were 340 and 305 Ib P/acre respectively (Table 15). The

|
\
The net gains in total P in the top 9-5 in. of soils from new residues (treat- i
|
109
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increases in NaHCOs-soluble P and labile P (Pe), per unit increase in
total soil P, for ‘old’ and ‘new’ residues were:

ANaHCOs-

soluble P/AP; AP¢/AP;
‘Old’ residues, 1899-1964 0-11 0:37
‘New’ residues, 1965-68 0:25 0-60

Changes in the solubility of soil P. Values of 4pCa 4 pH2PO4 (Fig. 7)
show that the solubility of soil P declined (treatments 1, 2, 3 and 8)
between 1964 and 1968 and was maintained, but not appreciably increased,
(treatments 4, 5, 6 and 7) where fresh P was given. In contrast to soils from
some of the Classical Experiments at Rothamsted (Aslyng, 1954), all the
Saxmundham soils from Rotations T or IT are undersaturated with octa-
calcium phosphate.

Soil analysis and crop response

Table 16 summarises yields of barley, potatoes, turnips and sugar beet
between 1965 and 1968 in relation to soil P analysis. Yields of barley,
grown on soils with 20-40 ppm NaHCOs-soluble P and adequate N and K,
were not increased by fresh superphosphate (73-5 1b P/acre) in 1965 or by
fresh residues of cumulative dressings (1965-67) in 1968. Yields of potatoes,
turnips and sugar beet, however, were all more with fresh superphosphate
than with residues alone.

TABLE 16

Yields and responses of barley, potatoes, turnips and sugar beet in relation
to soil analysis, 1965-67

Soil analysis Yields/acre
NaHCO;- !  Sugarbeet
soluble Labile Barley? Potatoes Turnips ————*——
Treat- P P ipCa grain tubers roots Roots Sugar
ment (ppm) (ppm) - pH2POs (cwt) (tons) (tons) (tons) (cwt)
1 4-6 20-25 8:4-8-2 15-9 7-4 2:2 8:3 26
2 9-12  40-45 8:1-7-8 31-3 14-6 5:0 13-5 48
3 20-40 75-110 7-5-6-9 34-6 16-8 6-8 16-9 59
Increase from 73-5 Ib P/acre —-0-3 +1-4 +1-1 +1-7 -4

(treatment 6 minus 3)

a At 859% dry matter.

At the end of 1968 the soils ranged widely in NaHCOs-soluble P (about
3 to 67 ppm) and in labile P (about 28 to 166 ppm). Residues of ‘old’ and
‘new’ FYM and P are now being evaluated, relative to fresh super-
phosphate applied in the seedbed, in a crop rotation of potatoes, barley
(without P), sugar beet and barley (without P) to compare crop response
and soil analysis on the Chalky Boulder-Clay soil at Saxmundham with
crop response at Rothamsted and Woburn.

Conclusions and Summary

1. Between 1899 and 1964 more P was applied in FYM alone (10 tons/
acre/rotation) and in FYM (10 tons/acre/rotation) plus superphosphate
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(about 74 b P/acre/rotation) than was removed by cropping. NaHCOs3-
soluble P and isotopically-exchangeable (labile) P were directly propor-
tional, and 1pCa + pH2POj inversely proportional, to the increase in total
P(APy) in the soil. NaHCOjs-soluble P and labile P increased by the same
amounts, per unit increase in total soil P, in Rotation I (when sampled in
1957) as in Rotation IT in 1964, and were about 109 and 40 % respectively
of the increases in total soil P that accumulated from “old’ P residues,

2. NaHCOgs-soluble P, labile P and 4ipCa - pH2PO4 in 1964 were
6 ppm, 20 ppm and 8-36 on plots without P, 12 ppm, 44 ppm and 7-79
where FYM only was given (treatment 2) since 1899 and 41 ppm, 113 ppm
and 6-92 where FYM and superphosphate were given (treatments 3 to 7)
in the old rotation.

3. The only K applied in the old rotation came from FYM which sup-
plied about 100 Ib K/acre/rotation. Negligible amounts remained in the
soil as exchangeable K in 1964,

4. Between 1964 and 1968, deeper ploughing (from about 8 to 10 in.)
lessened the total P content of the soil by a factor of about 0-85 where
further P was not applied (treatments 1, 2, 3 and 8). Where FYM (40 tons/
acre containing 206 Ib P) or superphosphate (220 1b P/acre) were given
between 1965 and 1967 (treatments 4 and 6), total P was less in 1968 than
in 1964; where FYM plus superphosphate (total P 426 Ib/acre) or 440 Ib P/
acre were given as superphosphate (treatments 5 and 7), the extra P applied
Jjust maintained the original P content (in ppm) of the soil. The ‘fresh’ P
given between 1965 and 1967 was incorporated within the deeper (9-5 in.)
plough layer and increased both the concentration of NaHCOg-soluble P
and labile P (ppm) and the total amounts (Ib P/acre) in the plough layer.
The increases in NaHCOs-soluble P and labile P were about 25 % and 60%,
respectively of the increases in total soil P that accumulated from ‘new’ P
residues.

5. Between 1965 and 1968 more K was applied as FYM and/or inorganic
K than was removed by cropping. Exchangeable K (in ppm) increased
during this period despite dilution by ploughing.

6. Yields of barley in 1965 and 1968, with adequate NK fertiliser,
ranged from 16 to 35 cwt/acre and increased in the order: no P < FYM
residues << FYM -+ superphosphate residues. Fresh superphosphate in
1965 did not increase yields further. Yields of potatoes in 1966, given NK
fertilisers, ranged from 7-4 to 20-5 tons/acre. Yields with FYM + P
residues (treatment 3) were 16-8 tons/acre and ‘fresh’ superphosphate
(74 1b P/acre) increased yields by 1-4 tons/acre and ‘fresh’ superphosphate
(74 1b P/acre) plus FYM (20 tons/acre) by 3-5 tons/acre. Yields of turnips
(2 to 8 tons/acre) and sugar beet (8:3 to 19-6 tons/acre), given NK fertilisers
were greater by 13 and 2-6 tons roots/acre respectively with ‘fresh’ FYM
plus superphosphate than with only residues of ‘old’ dressings.

7. The treatments given between 1965 and 1968 modified the soils
which now contain different amounts of soluble P. The range of soils
include ‘no P’ since 1899 (treatment 1), P residues from FYM alone or ‘
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with superphosphate, applied between 1899 and 1964 (treatments 2, 3 and
8), P residues from ‘old’ FYM and superphosphate with (i) new FYM
alone (treatment 4); (ii) new superphosphate alone (treatments 6 and 7);
(iii) new FYM and superphosphate together (treatment 5).

Cultivations have ensured, and soil analyses have confirmed, that both
P and K residues are distributed throughout a plough layer of about
0-10 in. These residues will be evaluated, relative to fresh superphosphate,
in a crop rotation of potatoes, barley (without P), sugar beet and barley
(without P) between 1969 and 1972.
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