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Reference Experiments on yomg Conifers at
Woburn Experimental Farm, 1961_69

BLANCHE BENZIAN and S. C. R. FREEMAN

In 1961, a year after the Reference experiments on farm crops and soft fruit had been
started at .Woburn Experimental Farm, Bedfordshire (Widdowson & pemry, 1972;
Williams, 1973), we laid down on an adjoining site 25 small plots sown annuilly with
Sitka spruce-a Westem American conifer widely planted in thii country by the Forestry
commission. The techniques we used were similar to those we had deveiop"a on.. "r""|years (iointly witi the Commission) in a large experimental progamme 6n problems oi
nutrition in forest nurseries, where-with the aid of factorial ixperimenti-we tested
interactions between nutrients, forms and rates of soluble and sl,ow-release fertilisers,
bulky organic manures and partial sterilants @enzian, 1965). As part ofthis p.ogr..-",
we had started at five nurseries in 1955 some simpre Nuirient "Reference 

iroti, which
omitted in turn N, P, K, Mg, to observe nutrient dehciency symptoms and o-btain colour
records for different soils and seasons.

The two main aims of our conifer reference experiments were to compare the growth
and nutrient uptake of sitka spruce seedrings grown on a soil about which muJh was
known from agricultural experiments (l) with the performance of arable crops growl
under comparable conditions and (2) with the gr;wth of Sitka spruce in our 

-forest
nursery experiments.

Our first set of Woburn Reference plots, Experiment l, begun in 196l were started on
soil that had been under mixed arable cropping since r976.-The design was sim ar to
that used in research nurseries but included some additional treatments: compost_
wjth a-n-d witbout NPKMg fertiliser, Norway spruce litter with fertitser, and foimalin
(dre,ch) with fertiliser. Tests on added organic matter were thought important oo a soil
of poor structure that contained very rittre crabre r). The effect oi a partial sterilant was
of special interest on a soil which was known not to have carried conifers for at least
100 y-ears_ and was unlikely therefore to have built up pathogens specific to that crop.
The 25 p.lots sown witL Sitka spruce seed *"r" arru-rgid in-two blocks of 12, with'a
c€ntral-p_l-ot (with fu[ NPKMg manuring) separating thi blocks.
.In 1965, a set of 12 plots, Experiment 2,-was stirted on a parallel bed, comparing

slow-release with soluble fertiliser 
.on -two_ 

ages of crop-seedings and ti"orptioirJ
each in two blocks. of three plots. All 12 plots were split to compire Sitka spruce with
other conifer species (first Norway spruce, then Grind fir) which have pr-oved more
slsce.ptible to damage from fert iser salts at the transprant stage (Benzian, 196'6a; Aldhous,
1972). Thecropping ofboti experiments is shown below andi,jpendix Table I (page t7l igives details of the species tested.

SPocies Agp ofqop Duration
ExperiDeDt I Sitka spruce

Experimetrt 2 Sitka spruoe

Norway spruce

GlaDd 6r

t96t-69

t s-69

t96s-47

1968-69

Seedlings

Seedliogs \
Transplants /
S€€dlhgs \
Transplaats /
S€edlioss 1
TraDsplants /
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WOBURN CONIFER REFERENCE EXPERIMENTS, 1961_69
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ROTHAMSTED REPORT FOR 1973, PART 2

During March the seedbed plots, on slightly raised beds 107 cm wide, were sown
broadcast over 0.84 mz (3 ft x 3 ft) and theD covered with a lime-free grit (10-12 kg/mr)
from St. Austell, Cornwall. The transplant plots were lined out with 108 one-year seed-
lings, 54 per species, at 5 x 18 cm spacing. The plots within each experiment were
separatd by undug bufer strips 38 cm wide, rattrer than by the impervious partitions
found necessary with the agricultural crops. The plots rvere not limed, as the initial soil
reaction was close to that which experimental evidence had shown to be the optimum
for growth of Sitka spruce, i.e. around pH 4.5 in 0.Ol M CzClz.

Tree heights were measured and numbers counted rr s u during October or November,
and plant samples taken to determine dry-matter lelds (for tops and roots separately)
and N, P, K Mg, Ca and Mn concentrations in the whole crop (tops f roots). Methods
of analysis were described by Benzian, Freeman and Patterson, 1972. The remaining
seedlings and transplants were then lifted, and some seedlings (grom with soluble
NPKMg fertiliser) were bedded out on an adjacent unmanured site for lining out the
transplant plots during the following spring. Thus, results for seedlings ia this pap,er
refer to trees after one growing season in the seedbed and results for transplants aftet
one season in the seedbed and one in the transplant lines.

Soil samples, to a depth of about I 5 cm, were taken from both blocks of Experiment I
during the autumn of 1960 (beforc cropping began) and from the untreated transplant
plos of Experiment 2 in the autumn of 1965 (the end of the frst growing season); size
distribution of mineral particles was determined on a sample taken from the fallow part
of the bed adjoining Experiment 2. Analytical results for both experiments are given in
Table I and methods of analysis in Appendix A. After the experiments had been con-
cluded, soil sarrples were taken from individual plots Clable 13 and 14).

Experinent 1, 1961-69, he.tm€Dts and reslb
The treatments, applied to the same plots annually (unless otherwise stated), were:

tNone
Feniliser (1961-69)

PKMg : 1q !J
NKMg : ns P
NPMg : no K
NPK : no Mg

'NPKMg
Compost (1961-6,

alooe
+NPKMg fertiliser

Litter (1961 53)
+NPKMg fediliser

Formalin (not itr 1960
+ NPKMg fertiliser

' duplicates per block

Rates of fertiliser application are shown h Table 2, composition of composts and litter
in Table 3, and the nutrients they supplied in Table 4.

On fertiliser plots, N was given as 'Nitro-Chalk' (15'51 N l96l-e,21% N 196H9),
P as single superphosphate, K as potassium chloride, Mg as kieserite. P, K and Mg were
dug in 8-10 cm deep shortly before sowing, 'Nitro-Chalk' applied during the summer
either in three equal topdressings (beforc 1960, or, in later years, in four, to attempt to
maintain a more steady supply of N to the plants.

Composts (prepared at Kennington Forest Nursery during mid-summer of the previous
year) were made from 75)( (by volume) chatred green bracken (Plertdium aquilimzn)

t54

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-1-8 pp 5

WOBURN CONIFER REFERENCE EXPERIMENTS, 196I-69

ad 25% fresh hopwaste. Both ingredients could easily be obtained and were conpl+
mentary: bracken was rich in K, hops in N and P. Composts of similar composition
had been tesrcd for many years in nursery experiments (Benzian, Freeman & Patterson,
1972). As Sitka se€dlings had given large responses to P in 196l and 1962, and the
compost had provided less than three-quarters of the amounts of P supplied by fertiliser,
the application rate of compost was increased in 1963. None was applied in 1968 and
1969.

TIT[,8 2

Average amounts of nutrimts npplied annually by fenilisers
g elemcnt p€r m2

N

l 7-59 Mg Cat
1l 4 4t
11 4 37
lt432
t0416
r0410

' Approximate amounts supplied by 'Nitro{half + superphosphate or potassic superphosphate

TABLE 3

Average composition of compost and litter

ppm inDM

K

before beforeFertilisd Crop 1966' 196-69 P 1967
Exp€rimeat I Soluble Seedliags 16 22 1l ll
Experiment 2 Soluble S€edlings 16 22 11 ll

Transplants 11 14 1l ll
Slow-rclease SecdlinSs 19 23 ll 7

Traosplaots 13 16 1l 1

No. of % in f.€sh Ory
saophs moistue matter

Compost 7 79 76
Litter 3 g 69

NN
rotal inor& P K
3.? 0.33 0.67 l.9lI.4 n-d- O.13 0.15

4.0
5.7

Mg Ca Mn
0.3r 1.69 430
0.07 0.50 2382

Ash
23
3t

TABLE 4

Average anotmts of nutients supplied a nually dwing the periods shown
kglmz of

fresh product

Org. N
Total matter total

5.4 O'18 ,1O.8

7 -9 t.30 61.3

N
inorg.

Compost applied
1961-62
1961-47

Litte. applied
1961-63 10.0 2.50 51.9 rld.

PKMgCaMn
7.8 22-7 3.6 19.7 0.14
10.6 31.0 5.0 n.l 0.73

4.8 5.4 2.5 18.2 8.65

The litter was collected under a mature stand of Norway spruce @loxworth Estate,
Dorset). It was chosen as a souroe of organic matter with physical properties thought to
be beneficial for small-seeded crops on a soil liable to'cap'. However, after it had been
applied for only three years, the plots became so 'fluffy' that they could no longer be
consolidated sufficiently to give the firm seedbed needed for Sitka spruce, and the treat-
ment had to be discontinued. The litter dressings supplied, annually, as much total N
as the compost, substantial quantities of P, Mg and Ca, more than ten times as much
Mn but less than a quarter of K. Compost and litter were applied at the same time as
P, K, Mg fertilisers and incorporated to the same depth.

Formalin (containing approximately4ol formaldehyde) was applied at the rate of
300 mlme as a drench in ,t-5 litre water during the preceding winter, using a method

t55

% in dry matter (DM)

g el€ment per m2 irl fr€sh product
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which had proved beneficial when growing Sitka spruce on high-pH soils previously
under arable cropping or on land infested with e€lworm (Benzian, 1965).

There were large differences between the amounts of nutrients applied to the conifer
se€dbeds of Experiment I and to the arable rotation crops in the Woburn Referencr
experiments on the adjoining site. The fertiliser regime of the forestry plots was based
on nursery experiments which had as their aim the consistent annual production of green
healthy conifer seedlings-a high-value crop for which fertilisers and their application
constituted less than 5 f of the production costs. Nominal annual application rates for
forestry and arable crops are compared in Table 5. Cfhe amounts of nutrients supplied

TABLE 5

Nominal anouts of nutrients added annually (kglha)
NPK

Agricultural
Rotation crops., 1960-69

Fertiliserb
Falml-ard maouec
Borh

Conifer s€edlings
Experimeor I, 196l-69

Fertilise.
Compost
Borh

132 27 177132 44 116
2g 7t 351

187 ll0 0
43r Tl 222
618 187 332

(a) Froo Widdowson et al. (1967) Appedir Table 2; Widdowson and Pellry (1972) App€trdix
Table 5

O) NzPK fertiliser (NIPK fertiliser suppLird half the quantity of N, but similar amounts of P alrd K)
(c) Confned to two of the five rotatioo crops: sugar beet arld potato€s

by materials not applied every year, i.e. FYM and compost were calculated by dividing
the quantities given during ttre cropping period by the number of years cropped; this
ignores differences between residues and fresh applications.) The table shows that on
the fertiliser-treated plots the conifers received four times as much P as the arable crops,
but less than two-thirds of the K. The value of 132 kg Nfta (evel 2) for the fertiliser-
treated agricultural crops represent the average of dressings given to different crops
ranging from 56 kg/ha for the rotation ley to 188 kg/ha for sugar beet, the latter amount
being similar to that given to Sitka spruce seedlings. Compost supplied between three and
four times more total N than FYM,75% more P and 25lmoreK.

Seedling height For conifer seedlings, heiglt is the most important index of plant
p€rformance; trees of less than 3'8 cm (1.5 in.) are too small to transplant. Table 6 shows
heights for two periods: 196l-64 and 196H9. This division corresponds to a change in
seed origin--Queen Charlotte Island during the early period, Washington State later. It
also happens to coincide with a change in summer rainfall; the first four seasons were
very dry (all had less than 250 mm rain from June to September), whilst the later p€riod
had only two dry summers in five. Thus, without other supporting evidence, differences
between the p€riods not caused by experimental treatments may be attributable to seed
origin, to weather, or to progressive chemical, physical or biological changes in the soil
associated with continued cultivation or cropping, or by the addition of annual dressings
of seedcover grit.

Comparing heigtrt growth of seedlings which had one of the four nutrients omitted
with those given the full NPKMg treatment, increases from N and P were between zl0

and 50)( during both periods; the small decreases from K and Mg during the early
156
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TABLE 6

Field measuremenls of Sitka spruce seedlings grovn in Experiment I

Treatments
Notre
PKMg (no t9
NKMs (Do P)
NPM8 (no K)
NPK (no Mg)
NPKMg
Compo6t
Compost + NPKMg
Litter + NPKMg
Formalitr + NPKMg

s.E. +
c"\. y"

l96t-il 1965-69

1.88 4.34
2.59 4.31
2.44 4.19
3.94 5.41
3.16 5.66
3.7t 6.m
2.95 6.17
4.47 7.67
4-70 7.19
4.55 6.91
0.23t 0.170
9.7 4.2

Meaa
3.25
3.58
3.4
4.15
4.83
5.10
4-12
5.25
6.07
5.87
0.137
4.2

t96t-64 l 5-69
43 42
52 48

-6 15

-l l0

Numb€.
of plaflts
per m2
1961-{.9

1278

1253
t24a
1U3
12Al

ll84
tl44
1268

1l t3
tx6

39.3
4.6

period changed to increases of betwe€n l0 and l5l later. Results for both periods are

shown below:

Mean percentage
increases from

N
P
K
M

Betf,,e€n 1961 a;nd 1964, when growth was generally poor, seedlings wittrout N or P
failed to reach the critical height for transplanting of 3'8 cm.

Seedlings responded better to N in wet (>250 mm rain June-Septemb€r) than in
dry summers as is shown below 

Height (cm)

PKMg
prcselt
noN
N

The compost treatment by itself resulted in poorer $owth than fertiliser during the
early period but equalled it later, even though no compost was applied in 1968 and 1969.

Throughout, compost plus fertiliser increased height more than either material alone,
the joint treatment exceeding the fertiliser treatment by between m 

^td 
25"A. D\ing

the 1961-64 period, litter plus fertiliser was as beneficial as compost plus fertiliser;
even during the larcr period residues from the three litter dressings applied between 196l
and 1963 give substantial benefits. The improved gowth from compost and litter (in
the presence of fertiliser) may stem from the larger amounts of nutrients supplied and,
especially, of N earlier in the season than that given in fertilisers. However, as the
organic-matter content increased, soil structure may have improved, for \ryi[iams and
Cooke (1961) have shown this to be a soil with low permeability and liable to 'cap'.

The benefit from formalin of between 1l ar'd 23 I wrs comParable with that obtained
in the better Forestry Commission nurseries; it did not approach tlle very large increases
in nurseries where'stunted growth' was a problem @enzian, 1970; see also this paper,
Appendix B by G. A. SalQ. 

$7

Height

Dry Wet
sutllmers sulnmqs(o (3)

3.4 3.9
4.2 6.9

Height (cm)
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,: :--

1961 62 63 54 65 66 67 68 59

. FIG. l. Sullrner raiofafl (Juoo-Septeober 
-toJ3ls) _an4 heights of Sirka spruce s€edlings for thr€c

treatmeots in Experioetrt l: noDe, NPKM8 soluble fertiliser applied atrtrually, 
-colrlpost 

applied 196l_67.

Fig. 1 shows summer rainfall and annual heights of seedlings grown with three treat-
ments: without added nutrients, with the full fertiliser treatment, and lvith compost
(applied 196l-67 only). There is a clear relationship, especially in the later period,
between rainfall and $owth on the manured plots. By contrast, seedling height on the
untreated plots increased steadily from year to year until 1966, irrespective of rainfall.
The curves for treatments omitting single nutrients (not shown) tended to resemble those
with the full fertiliser treatment; only the'no-N'plots followed more closely the trend
of the untreated plots. The spread of mycorrhizal infection was considered a possible
explanation for the puzzling phenomenon of the steady improvement of growth on the
unmanured plots, although if this explanation is correct, one might have expected a
similar trend on the 'no-P' plots. Mycological examination of the seedlings during the
winter 1965-66 lent support to this possibility. (See G. A. Salt, Appendix B.) No similar
progressive improvement on unmanured plots was ever observed in our forest nursery
experiments where the pattem of mycorrhizal infection was studied by Levisohn (1965).

Plut number Cfsbte O. The different trcatments hardly afected plant numbers.

Deficiency symptoms. Sitka spruce seedlings develop distinctive nutrient deficiency
slmptoms. The discolorations corresponding to shortage of N, P, K and Mg at Woburn
were similar to those described and shown for forest nurseries by Benzian (1965).

other obeenations

frllgi. G. A. Salt took samples for mycological examination and found only fungi
wlich can be regarded as normal root surface microflora for Sitka spruce. His report is
given in Appendix B.
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Eelworms. S. R. Gowen (1971) studied, during 1968 and 1969, the occurrence of
Tylenchus ematginatus arrd Tylenchorynchus dubiw around the roots- of Sitka spruc€ in
Eiperinent I ; both species were more abundant than in nearby land under other crops'

Exhriments in tubes showed that Sitka spruce was a good host and tlat these nematodes

werc able to stunt root growth; there was however no clear evidence that they had done so

in the field, where nudbers per unit weiSbt of root were much smaller than in the tube

experiments.

Needle ruuosis. It happened repeatedly that seedlings developed brown needle tips'

On at least one occasion there was strong circumstantial evidence that fumes from the

nearby brickworks were responsible. On the moming of3 September 1964 it was foggy

and a ternperature of 0"C was recorded, but no frost injury was observed on frost-

sensitive plants such as dahlias. The Sitka seedlings, which had been he"lthy up to that date

(and are much less frost-sensitiYe than dahlias) developed brown needle tips. On thesame

day, similar sudden damage on Scots pine seedlings was reported by the forester in charge

of-Mi[brook Nursery-about 4 milis from our Wobum plots. (It is under conditions

similar to those descri-bed above that the characteristic smell from the brickwork chimneys

is most noticeable.) During October of the same year, symptoms resembling the earlier

ones were specially severe on our 'no-K' plots.

The symitons observed on Sitka spruce seedlings at Woburn resemble closely those

seen by-one of the authors (B.B.) on mature trees growing near aluminium works in
Norway, where they are thought to be caused by emission offluorine, and where accord-

ing to li.obak (196'9) damaged trees occur at distances up to 32 km from the works'

Siililar damage has 
-been 

observed on agricultural crops at Woburn, and investigations

on this problem have rec€ntly been started (Hoskin & Dawson, 1973).

Dry weight, nuEient concenhatioN rnt removals. Dry weight of tops plus roots' top/

ro6t ratilos, and nutrient concentrations in the whole crop are shown in Table 7' (Standard

TABIT 7

Nine-yeu means of dry nalter $'eights and nutient concentrations of seedlings grown in
Experiment 1, 1%149

Dry matter
Eg/platrt

Treatments
Node
PKM8 (ao i9
NKMs (no P)
NPMg (oo K)
NPK (oo Ms)
NPKMg (futl)
Compost
Comoost + NPKMg
Litter + NPKMg
Fomalin + NPKM8

1.81 0.24 1.06

1.72 0-32 1.42
2.13 0.22 1.28
2.03 0.28 0.65
1.97 0.27 1.33
r.99 0.21 t.2s

Ms
0.106
0.121
0.1t0
0.lll
0.0@
0.101

2.00 0.27 1.55 0'll2
2.lt o.z7 1.50 0't07
2.06 0.26 1.33 0.100
2.14 o.zs 1.34 0.099

Tops CD +
roots (R)

I3

ppm
Md'

518

941
918
838
945
850

485
909

1385

l3o!)

131
131
201
206
230

239
290
282
300

T/R
Iatio
2.4
2.2
2.6
2.6
2.7
2.5
2.6
2.9
2.7
2.8

C^
0.58
0.53
0.46
0.61
0.60
0.53
0.54
0.54
0.55
0.50

t Derived from seven Yean only

errors cannot be given, as replicates were bulked.) The treatment effects measured as

dry weights followid the samelrends as those of seedling heights but perceDtage increases

were cJnsiderably larger. These percentage incrcases (from N, P and K supplied by

fertilis€r) are compared in Table 8 with those for arable crops. Whereas resPonses to N
159

In dry matter of tops + roots
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TABLE 8

Compoison of relatfue responsivmess of five arable oops to each murie t tested in the
presence of the other two nutrients (19M9\ with that ol Sitka spruce seedlings, Experiment

r(1e6149)

fiom from
Nr N2 over Nl

Aiable crops.
Barle!'

grain
straw

Oats
gain
stnw

Potato tubcr:s
Suear bet

top3
roots

Rotatioo hy
Cooiferr

Sitka spruce se.dliogs
. From Widdos6oo
lYora: For amormts

froE fromPK

644
861

-2 -3921
6 142

518
879
44

76 l1

12
28

22
32

26

21
6

I

It0
160

't5
117

46

70
54
14

76

& P€Eny (1972), Table 2
ofN, P atrd K supplicd s€e Table 5

o

oK
o noK

t96',t 62 63 54 65 6 67 68 69

FIo. 2. Annual potarsiud coDcentrations itr Sitka spruce s€edlings ( 7"K in drv mattcr of toDs + roots)
fionr plots with and without added K in E\perilqenl I, 196l-69. Mean annual change is iirdicatcd bi
6tted rcgr€ssioo lincs:'tro K'lioe sigtrifcant at O05 levcl,.K'-liDe lot sigDificaot.

160

t.5

t.4

1.3

1.2

a l'l

E ,.0

$oo{,
I o.e

E0,
€ o.e

.s
:< 0.5

:!
o-4

0.3

o.2

0.1

0.0

Perceotage iDcrease in dry oatter produced
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fall within the same range, and those to K are smaller in Sitka than in most of the arable
crops, those to P are much larger, possibly because seedlings of Sitka spruce require
higher concentrations of P in the soil solution than arable crops to compensate for their
slow rate of root growth. Comparisons of Mg responses in the arable-rotation Reference
Experiments and Sitka spruce experiments are not possible because the former had too
few tests on magnesium. However, in an eight-year study (1960-67) on a nearby site on
successive crops of ryegrass, clover, sugar beet, potatoes, kale and barley, Bolton and
Penny (1968) reported that dry-matter yield increases ranged fron 3l for ryegrass to
I I % for potatoes--{ompared with 12% for Sitka spruce seedlings.

Conc€ntrations of N, P, K and Mg in spruce seedlings were less where the respective
nutrient had been omitted, but otherwise treatment differences were small, except that
plants grown with compost had-as is usual-larger K concentrations than those with
fertiliser. For plants given either full fertiliser or compost, all nutrient values (including
Ca and Mn) came within the sumciency range (Benzian & Smith, 1973); the targe
increases in Mn caused by litter and formalin accord well with those observed elsewhere
(authors' unpublished data).

Betwe€n 196l and 1969, K and Mg concentrations in seedlings (Figs. 2 and 3) declined
slightly, if at all, on plots with the full fertiliser treatment, and seedlings did not lose
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their healthy green colour. However, on plots without K or Mg, the respective nutrient
concentrations decreased gready, and seedlings developed typical discolorations.

The amounts of major nutrients added in fertiliser, compost, compost plus fertiliser
and in litter plus fertiliser Cfabb 9) were far in excess of those removed by crops. Fertiliser

TABLE 9

Total nutients Glm2) added in manwes od removed in Sitka spruce seetllings (tops I roots)
during whole oopping period of Expoiment l, 196149

PK
added Emoved added removed

99 6.9 99 30
69 6.7 200 37
168 9.1 299 49

3 1.6 115 37

Mg Mn

N

Trcetmcnts 8dd.d rrmov€d
Fcrtiliser (NPKM8) 168 48
ComDost 388 47
CooDost + frrtiliscr 556 55
Littcr + fertiliser 34 56

Ca

Fcrtiliser (NPKMg)
Compost
Compost + fertilis€r
Litter + fertiliser

added rEmoved

36ir t3
115 t2
542 17
422 15

added rcmoved
36 2.5
32 2.7
58 3.5
44 2.8

added removed

trivial 2'14.s 1.14to5 2'726.0 3.8

would have provided only trivial quantities of Mn (Stojkovska & Cooke, 1958), but
@mpost, and especially litter, supplied nore than was taken up by the plants.

The table below shows for Sitka spruce and barley (one of the agricultural rotation
crops) the 'apparent recoveries', i.e. amounts of element in crops given the particular
nutrient minus amount in crops without it, expressed as percentages of quantities
applied.

Sitka spruce 196l-64
1965-69

Barley 19fi-&
1965-69

The outstanding difference between the two crops is the smaller recovery of N by the
conifers. Recoveries of P and K were not dissimilar, and with both crops they were
better during the later period, presumably because of better growing conditions.

Expedncnt 2, 196459, treatnenfs rtrd reslts

The treatments applied annually were:

None
Soluble fertiliser
Slow-release fertiliser

The composition of the soluble fertiliser and the manner of its apptcation were identical
with those of the NPKMg treatment described for Experiment 1. The 'slow-release
fertiliser' consisted of an application of magnesium anmonium phosphate
MgNHnPOr. HeO (8% N, 17'5% P, rul Mg) and potassium metaphosphate KPO3

Q5.3%P,32-2lK); itwas dug in at the same time and to the same depth as the soluble

162

NPKMg
162r02
134224
4249
50 116

% apparent recoveries

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-1-8 pp 13

WOBURN COMFER REFERENCE EXPERIMENTS, 196I_69

PKMg fertiliser. 'Nitro-Chalk' topdressings, given to a// manured plots, were similar to
those in Experiment l, except that the transplants received smaller amounts. The quanti-
ties of all nutrients supplied are shown in Table 2; only the slow-release fertiliser provided
a 'starter' dose of N. (In 1967 the relative proportions of magnesium ammonium phos-
phate and potassium metaphosphate were changed to make ttre amounts of N and K
more closely comparable with those supplied by the soluble fertiliser-)

Both slow-release fertilisers had been tested preyiously in forest nurseries @enzian,
1966b), because (l) many were located on light soils where soluble salts are easily lost
by leaching, and (2) because transplants of some conifer species may be severely damaged
by soluble salts. Good results, especially from potassium metaphosphate, had been
obtained on the very light sandy soil of Wareharn Nursery, Dorset @enzian, Bolton &
Mattingly, 1969; Benzia4 1972).

Height, dry-matter weights a l truhient concentultions

Seedlittgs. Results for the three species are shown in Table 10; those for Sitka
spruce are given separately for the I 96H7 and I 968-69 periods to match those for
Norway spruce and Grand fir. Responses to both soluble and slow-release fertilisers
were large in all three species (whether measured as height or dry-matter weight). How-
ever, the slow-release fertilisers were consistently the better of the two, and it is likely
that more than one factor was responsible for these differences. According to results
from Experiment l, conifer seedlings at Woburn respond to N and P and, after some
years of cropping, also to K and Mg; it is therefore possible that the rate of release of
one or more of these nutrients might have been involved.

Concentrations of N, P and K in the crops were not afected by fertiliser source, but
Mg values were larger and Ca values smaller in seedlings grown with the slow-release

TABIT IO

Field meastrements, dry-matter weighls and nuttient concentrations of seedlings grown in
Experiment 2

Dry Eatter
Dg/ptatrt

Sp€cies
and

years

t965-41
Sitka

spru@

Number Tops
Of CD+

Fertiliser Height plants/ roots
applied cm ms (R)

Notre
Soluble
Slow-

release

%%%%%epnNPKMCCaMn
1.28 0.24 0.89 0.066 0.45 532
1.10 0.26 1.to 0.079 0.41 789
l.1t o.x ta 0.092 0.39 T16

1.58 0.31 0.7 0.085 0.60 541
2.O2 0.28 0.79 0.089 0.56 857
1.89 0.29 0.76 0.097 0.49 773

126 t.4 1.86 0.29 0.74 0.096 0.s5 436286 1.9 2.26 0.29 1.50 0.096 0.43 A70312 1.8 2-24 0-29 1.46 0.105 0.38 918

T/R
ratio

1.9
3.1
3.5

1.6
2.3
2.3

1577 99
ua 314
15,16 375

13s6 1421385 343
14/o 376

2.82
6.73
8.m

3.07
5.59
6.35

Norway Non€
spruce Soluble

Slow-
release

196M9
Sitka None

sptuce Solubla
Slow'

relea-sc

Grand fr None
Soluble
Slow-

releasc

3.38 tt74 110 2.A 1.76 0.31 0.81 0.070 0.536-25 ll70 242 3.9 1.95 0.24 1.32 0.076 0.{t6.83 l32l 294 4.0 2.05 0.24 l.3l 0.094 0.41

533
1012
104.2

3.05 677
4.88 7425.13 698

Itr dry matter of tops + roots
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fertiliser. Norway spruce seedlings tended to have larger N, P and Ca but smaller K
concentrations than Sitka spruce; this ac.ords well with results from other experiments
(authors' unpublished data). Grand fir had larger concentrations of all nutrients, except
Ca and Mn, which were slighdy less.

Truxplants (Table II). As with seedlings, slow-release fertiliser produced larger
plants, but at tro time was there any sign of visible damage caused by fertiliser salts to the
foliage of the two susceptible species-Norway spruce and Grand fir. Plants grown with
slow-release fertiliser had slightly less % K, but otherwise nutrient concentrations differed
hardly at all between trees grolvn with the two forms; the differences between species
resembled those described for seedlings.

Transplants removed considerably more nutrients than did seedlings (Iable l2)-
about 50f more N, P and K, and between two and tbree times as much Ca and Mg. The
magnitude of the amounts of N and K removed in hansplants approached that of the
additions, but the excrss of additions over removal was larger than might appear,
because the table does not show the extra nutrients introduc€d in seedlings at the time
of lining out.

Soil analyse, Experiments 1 anrl 2

Results ofanalyses for soil samples taken from each plot at the end ofthe cropping period
are given in Tables 13 and 14. All show clear-cut differences between treatments.

Experiment I (Iable 13)

pH tolus (measwed in CaClz) were a little below 4.5, the optimum for Sitka sprucr.

TABLE 13

Carbon, nitrogen, phosphorus and calions in soil samples of Experiment I taken at end of
. nine-year oopping period (196149)

Treatments
aDplied

None
PKMs

(no N)
NKMg

(no P)
NPMc

(no K)

pH io

o.otM
HsO CaC'l:
4.98 4-19
5.03 4.30

Total NaHCOg-
In airdry soil
Exchangeable

PPm
Mg
l3
4t

3l

3l

8

4.72 3.90 0.,t8

4.85 4.t8 0.s4

ppm ppm
PP

17.6 0.05
86.0 0.98

18.l 0.04

84.7 0-91

86.0 0.91

0.53
O,M

N
0.050
0.0s6

0.061

0.061

ppm
K
2.9

to-2

9.4

2.6

8.1

ppm
Ca

4m
481

262

554

546

508

551
728

526

516

ppm
P

576

142

555

790

7924.90 4.18 0.57 0.065
(Do Mg)

NPKMs 4-86 4.16 0.49 0.061 164
(full)

ComDost 5'16 4'27 1.29 0.118 798
Composr + 4.14 4.ll I .08 0.114 l0O2

NPKMg
Litter + 4.80 4.10 0.84 0.080 828

NPKMg
Formalitr + 4-98 4-27 0.54 0.066 852

NPKMg

In solutiorr
CaClr
soluble

o.g.
c

soluble ---=_L- ppm
K
3t
84

75

26

78

87.8 0.98 8.2 16 n
49.6 0-47 10.5 96 42

106.4 r.95 ll.0 t02 33

83.5 t.(r 7-9 6t 26

r4.9 0.95 7.9 70 3l

s.E. + 0.095 0.0?3 0.074 0.0018 45.8 2.60 0.086 0.43 3.7 1.4 48.2
c.v. )4 2-7 2.s I6.t 3.6 8.6 4.4 11.8 E.l ?.8 13.6 7.3
.lvore.'Betlltetr 196l atd 1969 a rohl of about lm kgrim2 ofst. Austell seedcover grit was applied and

mixed with the top l0 cm ofsoil. Part of this material (particles less than 2 mm) dilutes the soil taken for
aoalysis.
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Orgonic cobon values, measured by the Walkley (1947) method using 1'3 for the
correction factor, averaged about 0.5 % on plots without added organic matter; the three
early litter additions increased this value by 501 and compost more than doubled it.
However, both compost and litter will have decreased bulk densities (not measured) of
the soil, and treatment differences would have been smaller, had the analytical values
been exprcssed on a volume instead of a weight basis.

Iotcl rrf values showed similar trends but the perc€ntage increases caused by additions
of organic matter werc slightly smaller. C,N ratios ranged from about 8-9 on plots with-
out compost or litter to about 10-ll on plots with these additions.

Fertiliser P increased total P in the soil from about 570 ppm to between 7,lO and
800 ppm and so did compost, despite the fact that compost supplied less P than fertiliser.
(fhis discrepancy may be a reflection of the decrease in bulk density on the compost-
treated soil.)

Solubb P,bothbicarbonate-soluble P and P in equilibrium \ryith 0.01M Cacls solution
were greatly increased by fertilis€r-P, but increases were much less when P was added iu
compost.

Totql cariods were not determined on seedbed plots because of tie annual additions
of St. Austell seedcover grit consistitrg of quartz, kaolinised felspar, mica and other
minerals; it contains 0.6% K, with little if any avai.lable to plants.

Enhatgeable catiazs showed the expected differences between plots with and with-
out the respective nutrient, except for an unexplained low Ca value (smaller than on the
untreated plots) for the no-P plots.

Experiment 2 (Iable 14). Soil treated with slow-release fertiliser had slightly more
soluble P aDd considerably more exchangeable Mg than that with soluble fertiliser. No
such eflects were obtained with K given as potassium metaphosphate; this contrasts
with results on the sandy soil of Wareham Nursery where considerably more exchangeable
K was retained on plots treated with KP03 than with potassic superphosphate.

TABLE 14

Ccrbon, nitrogen, phosphorus old cations in soil sanples of Experime* 2 taken at end of
five-year cropping period, 196549

Itr air-dry soil

pH in Total NaHCOT
In solutio[

CaClr
soluble

ppm ppm
PK

Irt airdry soil

Exchangeable

ppm ppm ppm
KMsCa

Fediliser
applied

Seedbeds
None
Soluble
Slow-rclease

Tradsplants
Notre
Soluble
Slow-release

16

0.01M Or& %, ppa ppm
HgO CaCIz C N P K

4.97 4-12 0.54 0.067 678 n.d.
4'79 4'OS 0.60 0.069 838 n-d-
4.77 3.98 0.59 0.066 89o trd.

4.97 4-U 0.69 0.082 758
5.t7 4.26 0.87 0.086 l0s5
5.09 4.31 0.81 0.085 1032

19.7 0.06 3.s 32 t5 494
65.9 0.70 8.s 72 37 494
10.8 0.12 8.2 70 48 412

20.8 0.05 3.0 32 rc A7
ss.6 0-s4 6-4 6 44 719
56.6 0.60 5.6 60 6() 692

ppm
P

5335
6175
5485

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-1-8 pp 17

WOBURN CONIFER RERERENCE EXPERIMENTS, 196I_69

Dkcrcsftrn e l cotrclusiorc

The comparison between the young conifers and the arable crops grown on an adjoining
site, produced similarities but also some spectacular differences in the effects of nutrient
additions on crop yields. Whereas nitrogen respons€s of Sitka spruce seedlings cane
within the wide range of dry-matter weights found with arable crops, those to K tended
to be much smaller in the conifers. The outstanding difference was with responses to P:
those for arable crops ranged from -2 to 9%, whilst dry-matter weights of Sitka spruce
seedlings were increased by nearly 80%. In the instances of P and K, it would not have
been possible to predict the responsiveness of one type of crop from tests done on the
other. By contrast, the magnesium deficiency symptoms reported for Sitla spruce as
early as 1963 might have served as a useful pointer to the need for magnesium dressings
on the arable crops.

Sitka spruce seedlings manured with NPKMg fertiliser in Experiment I were con-
siderably smaller than those grown during the same nine-year period in parallel experi-
ments at the two main English forest rtsearch nurseries-Kennington near Odord and
Wareham, Dorset (Table l5). The reason for the poor performance at Woburn is more

TABLE 15

Comparison of heights of Sitka spruce grown at lloburn with those at the two main Englbh
forest research nwseries

S€€dlius
A.fte. one growiog s€alon

Trar$plaflts
After ooc scasoD in the s€edbed and ooe iD the

traosplant lioca

KendngtoD Wareham WoburD

7.6 6.3 5.1

28.7 24.6 28.7

likely to be associated mainly with physical than with chemical or biological factors,
since not only were responses to nutrients smaller at Wobum than at Wareham, but the
fully manured Wobum seedlings had nutrient concentrations in the sufficiency range. The
lack of a spectacular response to formalin (except in the fust year) makes it unlikely that
damage from serious pathogens or nematodes occurred. Differences in rainfall between
nurseries were too small to account for the discrepancy. A contributory cause may be the
poor physical condition of Wobum soil with small porc spact and low permeability.
As mentioned above, the benefit from compost and litter might be associated with
structural improvement.

The transplants, less sensitive to adverse soil conditions, grew as well at Woburn as

at Kennington-the better of the two nursery soils.

Sunnrry

Seedlings of Sitka spn)@ Picea sitchensr.v, a spocies widely planted by the Forestry Com-
mission in Britain, were tested for nine years in reference experiments on land previously
under agricultural cropping. Their growth and nutrient uptake were compared with those
of (l) arable rotation crops gro\nl on an adjoining site and (2) conifer crops grown in
the Forestry Comrnission's main research nurseries. Sitka spruce seedlings responded
to N mainly in wet seasons, to P consistently, but to K and Mg only during later years.

The P effects were much larger with conifers than with arable crops. Compost and spruce
litter (with fertiliser given) benefited the spruce seedlings on a soil of poor structure
wittr low permeability and liable to cap, though a better nutrient supply may also have
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been involved. A partial sterilant-formalin-increased growth, but not enough to
indicate the presence of serious pests or pathogens. The progressive improvement of
seedling growth on the unmanured plots (not previously observed) could not be explained.

In a second experiment, lasting five years, seedlings and transplants of Sitka spruce
were compared with those of 6rstly, Norway spruce Picea aDr'es and subsequently Grand
fir Abies grandk-two species susc€ptible (at the transplant stage) to damage from
fertiliser salts. NPKMg fertilisers in slow-release form werc slightly more effective than
soluble salts, although the latter caused no visible damage.

The seedlings of Sitka spruc€ grew less well than those in similar experiments at the
research nurseries of Wareham and Kennington, whereas the transplants reached the
same size as those at the better of the two nurseries.

Nutrient concentrations of N, P, K, Mg, Ca and Mn in whole-plant samples of fully
manured seedlings and transplants were in the 'sufficiency range'. Results of soil analyses
were well related to treatments.
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APPENDIX A

Methods used for soil alalYsis

H. A. SMTTH

Air-driecl samples of soil were prepared for analysis by passing them tkough a 2 mm

mesh sieve. These sieved sampl;s were used for all analyses except total P, total cations

and organic carbon. For thes€ analyses the soils were further ground to pass a 100 mesh

sieve.

Oryaric C, Determined by the method of Walkley (1947). All values have been corrected

to total carbon by multiplying them by l'3.

Total N. Kjeldahl digestion with CuSO{ + Se catalyst @remner, 1960). Ammonia

in digest determined by distillation with alkali.

Total P. Fusion of soil with aDhydrous sodium carbonate (Mattingly, 1970)' P deter-

mined by the method of Murphy and Riley (1962).

Total K, Mg, Ca' Mn Soil extracted with hydrofluoric acid (Jackson, 1958)' K, Ca

-***n bf'flame photometry and Mg, Mn by atomic absorPtion spectroPhotometry'

Soitim bicarbonrte-soluble P. Extraction with 0'5M NaHCOe (pH 8'r, Olsen er a/'
(1954). P determined by the method of Murphv and Rilev (1962).

Crlcium chlo rte soluble P, K. Extraction with 0'01M CaClz Schofield (1955)' P deter-

mined by the method of Murphy and Riley (1962), K measured by flame photometry'

Exclmgeable cetiom. Soil leached with lY ammonium acetate (pH 7'0) (Metson, l95O'
K, Ca ieasured by flame photometry, Mg by atomic absorption spectroPhotomeEy'

Cation exchange capacity. Soil leached with 1V ammonium acetate (pH 7'0) and exqss

removed by wishing witl 951ethanol. Ammonia in soil determined by distillation with
magnesium oxide (MetsoD, 195O.

pIL Measured by glass electrode in soil suspensions in water and in 0'0lM CaClz

alo g soil to 25 ml water or CaClz solution).
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APPENDIX B

Incidence of root-*uface fugi on Sitta spruce s€€dlings

G. A. SALT
@ant Pathology Department)

Appendix B Table I shows the most common genera of fungi (recorded in October 1964)
on roots washed in tap water, cut into I cm lengths and plated on water agar at 20.C.
Pythfimt is 1 primary pathogen and will kill seedlings before or just aftei emergence
(a-".-e,lg-"_tr). Damping-off is a problem in many forist nurseries, especially whei the
soil pH is 5.0 or more, but has not b€€n troublesome at Woburn, and thiiis reflected
in the small numbers of Pythium spp. isolated from roots. The other fungi isolated can
be regarded as normal components of the root surface of Sitka spruce, orire soil sapro-
phltes and are unlikely to damage roots directly. Cylindrocarpon ratlicbola is usually
the_most prevalent fungus on Sitka roots from soils of widely different types and pHs,
and is rarely found in soil away from roots. It was not decreaied by formalin treatments
but was less prevalent in unmanured plots. This fungus quickly invades roots damaged
physically or by a primary pathogen swh as pythiui. Of-the iusar m species, I'. salLi
was the most prevalent. F. oxysporum and. F. sambucinum are more usual in forest nursery
soils and F. solani on arable soils, b:ut F. solani was sometimes locally abundant on
conifer roots of old Kennington (Ram Reddy, 1962). There were fewer Frzsarirrz isolates
from formalin-treated plots.

APPENDIX B TABI.E I
Per cent root piecesl yielding q tur€s of:

Cylin&o- Peni-
clr4ron Fusariun cillium

Trcatment
\9!'9 12 18 25 282 6 2NPKMs 45 39 19 6 s 4Co-mpl?st_+ 38 s2 l0 0 a j

NPKMg
Litler-+ _ 38 t5 20 8 S 2

NPKMg
Formalid + 62 2 S O 0 5NPKMg

clio-
Asper- cl,odam
Ctllus roseum Phottu

Tricho-
derma Pythium

0
2
5

0

0

0
I
5

0

8

r 20 piec€s, each I cm lotrp. from each reDlicate,Iocludes lm% infectjonin one plot

There is therefore no evidence for any serious pathogen problems on Sitka spruce in
Wobum arable soil, and this is also indicated by the lick of a spectacular ."rf,oor" to
formalin applied annually for several years- Fumigants have been appried foi arable
crops at Woburn either because ofa known disease or a history of po6i growth, and in
th-ese silu.gtions striking improvements in growth and yield have usualy lolowed (Salt,
1971; Williams & Salt, 1970).
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In January 1966 roots of seedlings from unfertilised plots in Experiment l, that had
gror"n r"re*l crops of Sitka spruce, were compared \vith those- from Experiment 2,

ihere there had been no previous spruce seedlings and where seedling growth was much

poorer. Roots from Experiment I were darker, appeared lesshealthy as there was some

iloughing of cortex, anb were covered with large amounts of septate fungus mycelium,

wheieas ihose from Experiment 2 were lighter in colour and had little or no mycelium

attached to them. It seemed likely that this myc€lium was forming a mycorrhizal associa-

tion with the roots, but it was not possible to confrm tbis by microscopic examination'
When roots were surface steril.ised lightly in sodium hypochlorite and Plated on acid

potato dextrose agar (pH 4'0) to suppress bacteria, colonies- of dark brown septate

iterile mycelium wire o-btained from those from Experiment I but not from those from
Experimint 2. Whetier or not this was the same mycelium as observed covering the

roots could not be determined with any confidence, and as it produced no reproductive
spores it was not possible to identify it.
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