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ABSTRACT

A review of the literature was made on composting
and the effects of non-composted and composted materials
on soll properties and plant growth.

A eomparison of the effects of three levels of straw
and composted straw on the rate of mineralization of car-
bon from a soil dver 311 days was made{w‘ In another
experiment the rate of carbon ﬁineralization from straw
and compost added to a soil adjusted to four different pE
levels and meintained at three different moisture 1e§eln,
ihcluding waterlogging, was studied ovef 118 days.

A comparison was made of the effects of uncomposted
straw plus. mineral nitrogen, composts prepared from straw
"with three different accelerators (nitrochalk, aewage :
sludge and dried blood), a grass composf. and mineral
nitrogen alone on the performance of ryegrass and the
ﬁptake of nitrogen, phosphorus,ipotassium, ;nd magneeium
in pot tests using a 801l of three diffefent pH levels.

The'perfoimance of ryegrass and uptake of major
nutrients was studied in soil (at three pH levells) treated
with three levels each of straw and atraw‘composted with
dried blood.

A study wes made of the effects of straw and four



- different composté on the performance of ryegrass 1n'pot' |
tests with a calcéreous séil‘with either nitrogen or |
phosphorus as the only limiting nutrient. _

The residual effects of straw and four different
composts weréAstudied in a pot test by growing tﬁo
successive crops of.wheat. ) '

The avgilability of nitrogen from four straw composts,
prepared with different accelerators, and containing very
similar levels 6f total nitrogen was studied in & sa@d
-eculture test andrcompared with the.émount of nitrogen

mineralized’in an'incubation test.
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CHAPTER 1

Intreductien, Literature Revliew, and

Objectives of the Present Study.

The importance of erganic matter in maintaining
s0il fertility is well knewn. Perhaps the first cen-
tribution ef erganic matter to the main lnerganic bulk
of the‘seil bedy was the preteplasm ef the seil micrebes
and of ether lewer plant species before the higher
plant and animal kingdem established themselves en the

“poils and recks ef the earti. It is net only an |

integral part ¢f the moil but 1t alse helps in the
formation of soil threugh its weathering actien on
parent rocks and minerals.

The functien ef the erganic matter in the seil is
manifeld. It improves the physical, chemical and )
bielogical condlitions ef the soil., It makes the
heavier soil lighter and lighter seil heavier -~ thus
facilitates drainage and increases the water helding
power of the soil., I+t alse helps in conservation ef
heat. In building and maintaining seil strnetnie the
need ef organic matter is ef the greatest impertance.
Chemically it aects as a reserveir of nmutrientis =~

releasing the nutrient elements threugh mineralisatien.
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The exchange capacity and buffering pbwer of the soil
are increased by organic matter, which is many times
more effective than clay in this respect. Organic
matter in this way reduces the leaching of nutrients
from the soil.

There is evidence also to show that guite small
amounts of organic substance affect directly the growth
and development of the plant, probably through release

of hormone-like subgstances.

The role of organic matter in the weathering and

decomposition of soil minerals.

Organic matter dissolves the phosphates, calcium
and magnesium carbonate in the soil through the action
of carbonic acid and other metabolic products of roots
and soil microbes. Ravich-Shcherbo (1) observed that
caleite (CaCO3), aragonite, magnesite (Mg003), dolomite
and siderite (FeCOB) were dissolved in the presence of
metabolic products of lactic acid bacteria, butyric
acid bacteria, nitrifying bacteria, and anaerobie
nitrogen fixers.

Aleksandrov (2) isolated a bacteria which could
decompose potassium silicate. Pikovskaya (3) and
Gerretsen (4) found that the release of insoluble

Phosphate from soil minerals occured through microbial
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actien., Besides dissolving minerals micre-erganisms
can, as a secondery result ef their activity, alse
decompose various tyﬁes of minerals and recks,
Organic substances psssessing chelating preperties have
been found to have a preneunced effect on the chemistry
of minerals.

Frem the above references the impoertance of
organic matter in rendering unavailable mineral nutrients

inte available forms can be assessed.

The action ef humic substances. _
Humic substances alsoe take part in the decompesitien

of rocks and minerals, Springel (5) shewed that
pilicates can be decempesed by humic acids with the
formation of silicic acid. A deceompesing effect of

crenic and apecrenic acid was reperted by Berzéliuws (5).

The rele ef erganic matier in seil structure.
The impertance eof organic matter in building seil

structure was studied by early werkers like Schleesing,
Kestychev and Wellny (5) and it was later develeped by
Williams (5). Seil with good structure prevides the
‘best cenditions fer the supply of water and nutrients
te the plant,

The best water and nutrient regimes are preduced
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in seil with a fine crumdb structure. The fermation
of crumb structure is dependent on facters like

these (5): (I) oconselidation ef the seil particles
under pressure from the highly branched reet system ef
grasses; (II) the fermatioen ef active humus ef the
wlmie and humic acid type; (III) the penetratien inte
the/aeil crumb of the highly dispersed selutions ef
ulmic and humic acidsj; (IV) the conversion of these
acids inte the state of a cement mainly by means eof
calcium supplied by the reots of legumes from the
lower Yo the upper seil herizens.

Many workers have attempted to elucidate the reole
of micre~organisms in the feormatien of soll structure.
They have found the bacterial slimes acting as the |
cementing agents between the soil particles and thus
capable ef preducing water stable aggregateg, Gel'tser
(6) iselated some rhizeosphere bacteria ef the
pseudomenas type from the reet system of meadow grasses
and demenstrated that they were able to preduce water-
stable aggregates. From the practical peint of view
.geod soil structure is ebtained by sewing grasées and

the épplicatien'cf erganic manures.
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Seil erganic matter as a seurce ef the carben and mineral
nutrients ef the plant. |

Organic matter from plant or animal sources under-
géing decompesition in soil liberates the nutrients in
inerganic ferm which becemes avallable te plant and seil
micro-organisms, Part of the erganic matter dees net
undergo mineralisation and becemes intimately mixed with
the mineral fraction of the seil which appears te pretect
it from micrebial attaeck., This forms the stable humus
in seils.

, The reserve of erganic carbon including all the
organic gubstances ef living erganisms and thelr dead
rasi@ues, totals 6000 billian tons according te Nichiperevich
(7) in a1l the soils on the earth, Considerable reserve
of plant nutrients, particularly N and P, are present in
erganic form in seil humus. In agriculture, the nutrient
cycle is complicated by the actien of man and domestic
animals. The planis take up mutrients from the seil and
frem the atmosphere; however, enly a part ef theée
nutrients 1s returned te the seil in the form of leaf-fall,
stubble and reet residues and eventually as farmyérd
manure, A large part ef the nutrients remeved by the
creps is distributed en the surface of the earth or enters

the atmesphere as products of the activity er as wastes of
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man and animals.,

The effect of organic substances on the growth and

develepment of plants.
Mulder (5) detected the presence of erganic acids

of low molecular welght in the sell and observed that
they premeted plant growthj peer growth eccured in sells
in whiéh these compounds were absent, |

Schrenier (5) ipolated some erganic substances ef
non-specific nature from the soil and found that their
. presence in lew cencentratien in water culture selution
inhibited plant growth indicating that harmful as well as
beneficial effects may eccur,

Bottomley (8) found & beneficial effect of peat
inoculated with bacteria en the plant when applied to
seil or in water culture., He attributed this effect as
due to the presence of a growih-prometing substance such
as auxin,

Meckeridge (9) ebserved that water-seluble humic
substances extracted frem farmyard manure and from retted
leaves had a positive effect on the grewth and develepment
of the plant and en certain blelegical precesses such as
nitrification and nitrogen assimilation; +the effect of

these substances increased as the decompositien eof
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erganic residues increased.

It has also been shown that farmyard manure
applications increased the germination capacity and
vitamin content of plants; animals given fodder grown
on treated fields showed a higher regidtance to diseases

than did those receiving fodder grown on untreated fields.

Source of soll organic mattexr.

The main sources of soil organic matier are aé
follows:- |
(1) Crop residues from cash crops.
(2) Green manure crops i.e. creps grown specifically to be
ploughed inte the seil, |
(3) Seils put to "grass" for ene season or mere.
(4) Organic manures, including siable manures, compested
crop residues, peat, sewage sludge and "commercial®
organic byproduct fertiligzers e.g., dried bloed, fish meal,
cotton seddmeal, etc. ' |

. Since the work reported in this thesis is conéerned
with a comparison of the effects of fresh and compested |
hmrent

gtraw dn soll metabolism and plant growith the literature

review will continue with detalls concerning these aspects,

Decomposition of erganic matter, particularly in coempests.
Decompositien ef organic matter of plant or animal
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origin in the soil or in the compest is carried eut

by a great varlety of micre and macro-ergenisms such as
Baétérié; fﬁngi; actinomycetes; préfezéa,'wdrmgghd
1nséct 1a£vée.(10).  These organisms derive their
energy and bedy material by breaking dewn the campléx
afgan;c matter inte simpler farms.l The céﬁbdn of %hg
~organic matter which.is e#olvad‘askcoz as a decompoesition
product is utiiized in cell synthesis, Nitrogen,
phosphorus and pethsaium are requiréd for their .
nufrifion, of which fhe need for N is eof parameunt _.
impertance for protein synthesis:. The C/N ratie plays
an important reole in the extent and type of decompesi-
tien. Roughly speaking, for decomposing every 35-40
parts ef carbon 1.5-1.7 parts ef N (10) is required by
the deéompesing organisms, If any erganic material
contains 1esé K than this its rate of decompesitien is
reduced, The decompesitien ef cereal straw is delayed
due to its wide C/N ratie which is abeut 80-200:1. Te
narrow down the C/N ratio and thus to hésten déccmpesitien
addition of extra nitregen becomes necessary. When a
matérial with a wide C/N ratie like cereal straw is
incorporated in the seil the microbes will utilize the
available N (ammenia and nitrate) in the seil to

decompose the straw., Consequently there will be a
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deficlency, pessibly enly temperary, of available
nitroegen for the crep.

Through "composting" either in the heap or in the
soil: the C/N ratio is narrowed dewn to 15-25 at which
ratie plant nutrients are released in available form (11).
Same werkers suggest the C/N ratie of 20 as the sign ef
maturity of compost (12). Of course further narrowing
down te abeut 10:1 will he completed in the soil, giving
a humug-like material which is a mere-or-less sgtable
preduct.

The source of nitregen, erganic er &nerganic,
which is applied to bring dewn the C/N ratie ef the
compesting material is called an activator, starter er
sccelerator. Materials such as urine, dung, dried
bleed, sewage-sludge, urea, nitre-chalk, CaCN,, (HH4)281
and (ﬂH4)2003 have been used. Organic activators have
been reported to be more efficient than inerganic ones
in the decompesition process, e.g. Tinsley and
Nowakowski (13) feund that straw compest made with
(we,)
lower N, P and K contents., Hutchinson and Richards (14)

280 and CaCOS in place of paultry dreppings had

alse observed that there was less loss of dry matter
from the (KH4)2804 -~ treated compost than from that
treated with manure, Ehner and Springer (15) found
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- that erganlc activators acted as a good substrate for
the varied micro-flera which carried on efficient
decompositien. They alaso noted poor humification in
(NH4)2504—treated compests even after a lapse of three
years; There was development of an unbalanced micro-
flera in this treatment,

The decompesition of erganic matter is meore
efficient under aerebic than anaerobic conditions,
Hutchinsen and Richards (14) and Ghildysl (10) found
greater losses of dry matter in straw compested under
aerobic than under anserobic conditiens. So it is
iiikely that there will be more loss of organic matter
from the leesely bullt cempest heap than from compacted
one. Yeh (16) ebserved 2 more rapid decompositien in
un~compressed compest heaps than in compressed eones.

To favour aerobic conditiens he stomed the meterial in
a wire basket in a cement pit. Cernfield (17) did not
get satisfaetary decomposition ef the straw compost in
a wire unit as there was excessive loss ef moisture and
of N from the materials under these conditions, thus
providing unfavourable conditions for microbial
decomposition.

Under anaerobic conditions organic acids are

produced and the minerals are rendered unavailable {10).
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It 1s a common practice teo turn the compost heap before
the compest is well retted.

To prevent reduction of pH due to production ef
organic acids du:ing‘éomposting it is usually necessary
to add liming materials such as finely ground chalk,
groeund lime stone or waste-lime. Hutchinsen and
Richards (14) advecated a dose of liming material of
1 ewt. calcium carbonate in addition te 3/4 cwt, sulphate
‘of ammonia, per ton of straw.

& high temperature within the heap is helpful for

the decomposition of organic matter. Hutchinsen and
Richards (14) recorded a rise of 65°C (149%°F) in the
compost heap during the initial stages of decomposition.,
Tinsley and Nowakewski (13) ebserved & temperature éf
70-80°C in an aerated large compest neap within the
first 5 days and then a gradual fall te 20°C after 55
days of compesiting.

| Mattingly (18) found a relationship between
soluble-N and total-N in atraw-sludge composts, He
found that the total-N in the dry matter increased three
~ fold if the initial-N content was increased from

1.2 to 2,2%, The Sincrease in nitrogen in the erganic
matter was smaller. The amount of soluble N increased

" from 0,1% to 0.35%. Several well matured compests contained
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0.6% nitrifiable~-N which represented abeut 18% of the
total-N, o

' Hoyle and Mattingly (19) noted that the rate of
decomposition of straw-sludge compests increased when the
initial-N was increased frem 1.1 to 1.97%. With mere
than 1.97% initial § there were heavy losses of N
during composting. Seluble nitrogen in the composts
Qas in the form'ef‘ﬂog; The pH eof the mature composts
varied inversely with the 303 content, Supplementary
aeration decreased soluble~N in mature compests and
increased losses of N. There.was more soluble~N in
composts prepared frgm‘straw + (EH4)2364.than compests
prepared from straw + siudge with the same initial N
content.

Hoyle and Mattingly (20) observed the great effect
of source of N applied for compesting in preduncing
soluble-N.  (NH,),80, alone produced 36.4% after 11
months, (NH4)2304 + sludge produced 17.9% and sludge
alene produced 11.4%, KO?—K as percentage of soluble~N
wag 92.3, 93.4 and 93.5 respectively after 11 months.

Mattingly (21) studied the changes in the dis-
tribution eof nitrogen during compesting ef sitraw.
Investigations of the N fractiens in a straw-sludge
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compost O, 9, 44, 114 and 471 days after mixing showed
that ammonification of the eriginal seluble~N and
deaminatidn of the part of the original protein
proceeded simultaneously. | Subsequent increase of
soluble-~N in the mature compost was very slow as was
the decrease in soluble N fractioms.

Tinsley and Newakowski (13) devised procedures for
the determining of total W, uric acid N and forms of N
soluble in cold 0,1N H2304 in fresh sub-samples.,

Less ef organic matter and changes in K compounds were
followed indirectly from the ratios of ash to loss on
ignition’and ¢f ash or P or K content to the N content.
There was accummulation of N03~N up te 1% of the dry
natter in compests.stored for 2-3 years, the compeosition
of the straw being fairly stable and &iffering little
whether a high or low propertion of droppings was used
initially., The optimum ratio of straw $o droppings was
1:1.,5 by weight. _

Tinsley and Nowakewski (22) found that from deep
litter compost (poultry-droppings) lesses through
decomposition totalled 504 eof the organic matter and
404 of the N. At the fifst psampling enly a trace of
nitrate nitrogen was detected though this eventually
increased to 4% of the N3 high pH and lew moisture
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content were présumed to check the activity of nitrify-
ing organisms,

Kaila (23) observed that the rate of decompositien
of straw compost was decreased by urea,.NH4 and N03 aal#s
applied at rates higher than 0,7% ef the weight ef straw.
According to him the retardation of decomposition
appeared to be’due %o increased acidity caused by
nitrification of HHB-nitregen and to the high electrolyte
concentration in the compest, Incubation of acid peat
samples showed Intensive nitrification which was
follewed by a deérease in pH when the concentration of
NO,~N exceeded that of NHy-nitrogen. The latter
results suggest that ammenification, which precedes
nitrification, may markédly decrease soil acidity, and
this, as well as a greater acid telerance eof micro-
organisms in erganic soils, permits activity of
autetrephic nitrifying bacteria in peat soils.

Cernfield (17) found that the N content of compests
ﬁrepared‘in small or large cells were very similar, |
The C/N ratio of the material was #O at the start and
20 at the end, The sources of added N were nitro-
chalk, urea and grass. Loss of dry matter was 50-60%
and loss of N was 7-14% during the composting peried ef
4~-5 months.
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Larbon metabolism during decompesition eof organic
matter added te soil.

Carbon constitutes about 50% ef the dry matter of

plant and animél tissues. When erganic materials of
plant or animal origin are allowed to decompose they are
acted upon by various types of micre-erganisms, ~ Part
of the carbon of organic matter is liberated as 0y 4
part of it is utilized by micre—organisms for their cell
synthesis and part remains as Intermediate product.
The total amount of CO, liberated depends on the mature
of the material, the micro-erganisms concerned, and the
conditions of decompesition (10). |

Haterials like cellulose, hemicellulese, sugars and
starches lose most of their carben as €O, when
decomposed under aerebic conditiens, The ameunt ef 002
released has been related te the degree of decomposition
of organic matter, The decompesition of erganic
matter increases with increased aeration. Thus Van
Suchtelen (10) found greater evolution of €Oy from a
soil placed on pure sand in a jar when -an air current
was passed through it.

Microbial activity is dependent on nutrient elements

such as N in the available form. Waksman (10) found
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that much less cerbon of rye gtraw was lest as €O, in
absence of N as when (NH,),50, was added. Plant
material with wide G/N ratio needs extra nitrogen to be

added from an outside source in the form of organic or
inorganic nitrogen. |

Partial sterilisation. .of soil by steaming, heat,
chloroform or radiation increases the mineralisation of
C 2.5 times. 'Thus Winser and Pollard (24) found greater
minerslisation of C and N after partial sterilization by
steaning and after air-drying. They also observed that
the C and N mineralized were gignificantly correlated
with the organic C and toital N content of scils.

Temperature affects the liberation of‘COQ. Thus
early workers like Déhérain and Demonssy (10) observed
that €O, evolution increased with temperature up to
60°C, then decreased and increased again after 90°%¢,
The decomposition of organic matter ocours even below
0°C to a limited extent.

‘VWaksman {(10) observed that with varying pH maximum
C0, evolution occurred under aerobic conditions iﬁ
neutral and slightly alkaline soils which are supplied
with easily assimimmable plant materials, Kick (25)
on the other hand fournd that liming had no effect on
the decomposition of straw, peat, manure and sewage-

sludge in soll over three years.
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Broadbent and his associates (26, 27) found that
small additions of grass (having labelled C obtained by
being grovm in an atmosphere of labelled 002) to

mineral soils caused overall net losses of native
organic matter, . '

Hallan and Bartholomew (28) found that maize and
soyabean residues increased the decomposition of
native soil organic matter to simllar extents, the
extent of increase varying with soil type. They found
a net gain in the total organic matter content of the
soil with high applicatien (50 tons/acre) but not with
low applications (2.5 and 10 tons/acre of residue).

Pinck and Allison (29 and 30) have opposed the
view of Broadbent and his associates on the deleterieus
effect of fresh plant material on native soil humus.
They obgerved that there was no marked oxidation ef
native soil organic matter following applications of
even small amounts of fresh plant material.

Pinck et al (31) found that addition of extra
nitrogen with green nmanure reduced the ultimate losses
of total soil erganic matier.

Allison et al (30) studied the effect of clay type
on retention of C during formation ef hunus.

Bentonite had a marked positive effect on the retention
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of C, i.,e., on the stabilization of humus, with easily
decempesable materials such as sugar, but the effect
was much less with sawdust and peat, A montmorillonite
type soll and a kaolinitic type seoil, howéver, behaved
similarly with respect to C retentien, though this may
have been due te higher aclidity of the kaelinitic seil,
Additien of ¥ stimulated decompesitien, but the C/N
ratio was not as important in determining the quantity
of humus formed as were the nafure and quantity of soil
clays and the nature of the erganic material.

| Stotzy and Mortensen (32) found that straw-treated
soil retained more C than did soils treated with rye or
lucerne, probably because the straw, having a high
lignin and lew N content, was more resistant to the
action of micro-organisms. The addition of mineral

nitregen even at 2000 1b. NE4N03/aore had no effect.

H-metabolism in soils treated with organic materials.

The concept that HHB is an excretien product ef

microbial decompesitien of organic matter was put forward

by Marchal (33) as early as 1893,
Doryland (34) defined ammonification as "an

expression of an unbalanced ratie for micro-erganisms,

in which the nitrogen 1is in excess of the energx/nitregen

T
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ratie", VWhen the energy material is equal to or in
excess of the energy/N ratie N, production ceases.

If the concentration of the energy material is less
%han the energy/N ratio ammonia will be preduced.

: Lipman and his associates (10) studied the
‘influence of carbehydrates (sugars) upen the accumulation
Nof NH} from nitrogenous materials like rice flour, corn
meal, wheat flour, cowpea meal, linseed meal, soyabean
meal and cotion seed meal, when added to soil. They
 £eund that rice flour and cern meal, with a wide G/N
fatio, allowed no accunulstion of NH3, with or without
addition of carbohydrate, The substances rich in N
like linseed meal, soybean meal and cotton seed meal
allowed an accumulation of almost 50% of the added
nitrogen as HHB' But this was congiderably reduced
when available energy in the form of carbohydrates was
added as well,

The effect of C/N ratie on mineralisation ef
nitrogen of organic substances when gdded to soil was
studied by Heck (35) and Norman (36) ew fungal and
backerial tissue, by Rubins (37) organievfértilizers,
by Batham (38) and Owen et al (39) &m amine aclds, by
Winsor and Pellard (40) with (NH4)2SO4 and sucrose.
Winsor and Pollard (41) found a quantitative relatienship
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between N immobilized and C added to the soil. The
relationship was that for every 8.3-10.8 units of ¢ added
one unit of N wag immobilised.

Dagi (42) studied the comparative decomposition of
young and mature mustard plants added to seil., VWhile
there was loss of 40% of the N from young plants, there
was no loss of N from the mature ones during decompesi-
tion. The loss was attributed to the greater amount
of N in the young plant,

- Barnes (43) studied the metabolism of N-rich and
N-poor organic materials over a peried of 82 weeks,
He found less NO; in the straw-ireated soil than in the
control one throughout the experimental period. The
change in ¥ mineralization ef mustard (1.49%N) and
fares (3.467%)N was not significant after 11 weeks.

Cornfield (44) studied the metabolism eof fresh and
rotted organic materials with lew N content in soll for
& period of 184 days. Straw compost with ¢/N ratio of
20,6 showed mineralization of nitrogen over practically
the whole ef the incubatien period. Rotted farmyard
manure with C/F 15.6 caused a small amount of N fixatien,
whilet fresh grass with C/N 22.6 caused a fair amount of

K fization in the early stages, but there was a small
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overall mineralization of N by the final sampling. A
poor straw compost with C/N 42.5 and straw with C/N
147.0 both caused considerable fixatien eof nitrogen in
the early stages. VWith continuing incubation the bulk
of the N fixed by the poer compest, but enly a small
portion of that fixed by the straw, was released,

Mattingly (45) found ne P formation, when straw~
sludge composts were incubated with seil when the fetal
N of the composts was %% er less. When the tetal N was
4% or more nitrification eccurred.

Garactani and Catanl (46) studied the ammenifieation 
and nitrification of a number of nitrogen fertilizers in
a soil of pH 5.3, Ammonification of the fertilizers
was in the decreasing erderLCacﬁz, urea, castor bean ceake,
blood meal, hoof and horn meal. Nitrification was in
the decreasing order-castor bean cake, uréa, hoof and
horn meal, blood meal,‘(HH4)ZSO4, CaCN,.

Stevens and Withers (47) found that nitrification of
organic substances differed more in soil than in
artificial media. Wimmer (48) observed that the
inhibiting effect of organic metter on the nitrificatien
process was much less in soil than in oculture media.
Stevens and Withers (49) ebserved that nitrification ef
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cotton~seed meal and of ammonium sulphate teok place
mueh‘mafevrapidly in soil than in solution,

The presence of colloldal substances in the
culture solutien influences the behaviour of the
‘mitrifying bacteria, (Albrecht and McCalla (50), Conn
and Conn (51) and ZoBell (52).) Soils varying in
phyéical and chemical constituents might be expected
to show different nitdifying capacities., Pikorvska
(53) alse found $hat bacteria isolated from different
soils had different nitrifying capucities. Cutler
and Mukherjee (54) have iselated four different strains
of bacteria from Reothamsted soil, all capable éf
oxidising amﬁenium to nitrite.

The effect of pH on nitrlflcation has been gtudied
by'Meyerhaf (55 and 56) and Winogradsky (57).

According te them the optimum pH lies between 7 and 9
with a rapid fall-off on either side., 1Heek and

Lipman (58) found that nitrifiers functioned frem pH 5
to 13. Meyerhof (55 and 56) investigated the optimum
concentration of ammonium and nitrite for nitrosomonas
(the ammonia oxidiser) and for nitre bacter (the nitrite
oxidiser). He found the eoptima at 0.005F-ammenium for
nitrosomenas and 0,0072 N-nitrite for nitrobvacter
respectively. Warington (58 and 59) and Winogradsky
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and Omeliansky (60) all showed an inhibiting effect of
ammonia on nitrate preductien. Winogradsky (57) found
.thet organic matter reduces nitrification.

. The optimum temperature for nitrifying bacteria
has been found by Tandon and Dhar (61) as 25°C for
tenperate soils.

Goldberg end Gainey (62) studied the role of
surface phenomenon in nitrification in culture solution.
They observed that the additien Yo a filtered salis
medium of different finely ground soil minerals
stimulated or depressed nitrifieation, depending on the
particular mineral or ether cpnditions existing in the
medium.

Quastel (63) peints out the possible presence in
goil of a class of erganisms that can convert certain
erganic nitrogen compounds directly into nitrite and
nitrate., He concluded from his investigation that soil ~
contains organisms, presumably heterotirephic, that can
gpeedily oxidise pyruvic oxime to nitrite. According
to him the process of nitrification in s0il may not be
wholly accomplished by the autotréphio organisms and the
heterotrophic may intervene in bringing about a direct
nitrification of erganic nitrogen eompounﬁsa
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Quastel and Schofield (64) studied the effect of
pH and organic substances on mitrificatien and on the
metabolism of amines and the kinetios of KO, oxidation
- in so0il following continuous perfusion method and the
Warburg manometric technigue. - The organic matter did
not influence the rate of nitrification except that its
N encouraged the growth of heterotrophs initially.
Addition of Ca increased the nitrification of peeorly
buffered or acid scils, and the rate of nifrifioatien
in slightly scid soils was greater with aminnuacids than
with NH4. Many organic substances exercised large but

specific effects on the process of nitrificatien.

Phospherus metabelism in seils itreated with organic

nmaterials,

Shapiro (65) studied the effect of organic matier
and flooding on availability of soil and synthetic
phosphates. He observed a greater amount of P in the
soll solution of organically treated soll., The
availability to rice of the P oceuring naturally in acld
soils and of P added as synthetic iron and aluminium
phosphates was increased by flcoding and by addition of
cellulose. This Increased availability was due mainly
to the reducing conditions produced by the treaiments.
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Khanm and Réy'(66) studied the factors affecting
sell fértility in the sugar belt of Bihar. Application
of sugar cane filter press cake (free of P) or P-free
organic matter (starch, glucose) to calcareous soils
increased the H2003-soluble P in soil by releasing the
fixed native F.

Fuller et al (67) studied the factors of
availability of P of plant residues incorporated in
soil, They found greater rélease of P from young than
from mature residues. The P release also increased with
increasing length of time of contact of the residues with
the soil. The P/ﬁgsidues containing less than about
0.2% P was immeobilized by micro-organisms.

Kaila (68) Gbséfved that mineralization of organic
P from easily decomposable material exceeded fixation
when the content of orgamic P in the decomposing material
exceeded O. 3% of the dry matter. With daifficulty
decomposable materials the critlcal value was 0.2% P
With thermophillic organisms end under anaerobic con-
ditions the critical value was still lower. According
%o Kaila crop residues and manures seldom cause soil-P
fixaticn, but with straw the danger of P fixation is
1ikely.
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Mobilisation of Potassium and Megnesium due to organic
nmatter. | a - - -

The literatﬁré appears to contain no work on the
effect of organic matter on the mineralization of K and
Mg in soils. This is presumably because these elements

exist in soils almest entirely in inorganic forms.

Field Trials comparing straw and composts.

Trials at Rethamsted (69) 6ver a number of years
showed that better yields of potatoes, sugar beet and
barley grain were ebtained when straw together with
extra N was ploughed directly inte the soll than when
the straw was compested (using the same amount of N as
added to theﬂfielanpplied gtraw) before being pleughed

in,
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Conclugions from the literature review and objectives
of the present investigation. , |

 Although the lit@rature review nas indioated‘that
‘much work has been done on various asﬁécts of fhe
decomposition of added erganic_materiéls in soil; it
wnuid appear that the following aspects have not |
received much attentions :
(1) A comperisen of the stability in soil of the fresh
organic material and the same organic material composted
before being added to the seil., Such a study would
indicate whether the fresh or the composkd material
would be more sulteble for maintenance of soil organic
mattér and improvement of the soil nutrient status.
Although a limited ameunt of work has been reperfe&
(43, 44, 45, 46, 65, 66, 67 and 68) for N and P slong
these 1lines, little work has been done with the other
major nutrients, |
(2) A comparison of the effects of different accelerators
used for preparing composts on the properties of the
£inished compost, The properties studied would be such
things as the stability of the materlials in the soll and
their effects on nutrient metabolism. Although a
linited amount of work has been reported (13, 14 and 15)

on this subject with respect to nitrogen, nene has been
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reported with respect to the other major nutrients.

The accelerators compared in this study were
"ehemical® (nitrochalk), op "animal origin"‘(driéd blood),.
and of "mixed animal and vegetable crigin" (sewage
sludge).

Sincé the literature indicated that soil pH had an
important bearing on the type of decomposition of
added organic materials, most of the experiments carried
out in this study were done using s soil adjusted to

different pH values.

heat straw was selected as the chilef material for
study for the following reasonst
(1) Wheat is grown in most parts of the world and straw
residues are usually avallable, These residues are
usually disposed of as stable litter or by being pleughed
into the soil with or without prior compesting.  Where
large anounts of residues are produced they are often
burnt. This is undesirable since potential humus is
destroyed in this‘way.
(2) Straw composts well with a rangs of accelerators,
providing these are added in suitadble guantity. Straw
itself and the conpost produced from it are fairly
homogeneous materials and are therefore useful for

small~scale experimental work, such as pot tests.
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In addition and for the sake of comparison a grass
compost was also used in this study.  The main reéson
for choosinb this was that the naterial could be con-
posted without addition of any accelerator, since the grass
was cut whilst young end was fairly high in nitrogen.

In the studies to be reportcd mineralization of -
carbon was studied in incubation tests, whilst mefaboliam
of mutrients in soils was studied in pot tests using rye-
| grass ahd wheat as indicator plants, |
A gand culture test was also carried out specifically
- to compmre the availablility of nitrogen'from'ﬁﬁe organic

nitrogenous fraciion of different'eomPOSts.
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CHAPTER 11.

Mabterials and Methods.

Preparation of Composts.
The composts were prepared using 2kg. quantities of

gtraw and grass by the method described by Cornfield (70).
He had shown that providing the composting was done 1in a
room whose temperature did not fall below 30°C, the final
material produced was similar (insofar as O/N ratio was
éoncarned) to composts prepared on a larger scale,

The dry wheat straw mgd grass were chopped with a
chaffing machine into lengths not exceeding 1 inch. 2 kg.
pcrtioné were weighed into perforated polythene bags and
submerged in water in enamelled drums for 48 hr. The
bags were then withdrawn from the water and allowed to
drain overnight. They were then mixed, where necessary,
with the accelerators as indicated in Table 1 {see :over).

The blood and nitrochalk composts received sufficient
accelerator to give an initial C/N ratio of 40. The
sludge compost received sufficient dried sewage sludge to
give an initial C/N ratio of 30, since it has been shown
(70) that only part of the nitrogen present in sewage

sludge is "available' to the micro-organisms concerned
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with the composting process, The "poor compost" was
included in the study in order to see what would happen
when a material which had been composted without

addition of sufficient nitrogen was added to soils,

Table 1

Name Accelerator Initial C/N ratio
(including
accelerator).

Poor cgmpost_ None 52

Grass " None 20

Blood " dried blood, 42.8 g. 40

Nitrochalk " Nitrochalk, 22.7 g. 40

Sludge " dried sewage

sludge, 212 g. 30 -

The materials were placed in glazed earthenware
cylinders (9 in. internal diameter by 2 f£t, high)
resting on concrete slabs. The cylinders were kept in
a room maintained at 30-35°C and were covered with sacking
$o reduce evaporation. Water was added when the surface
1ayers of the composts dried. The water was added in
small amounts 80 as to avoid any drainage losses. The
materials were "turned" (i.e. removed, mixed and repiaced
in their containers) 4 weeks after the start of composting

and agalin after another 6 weeks.
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20 weeks after the start of composting the materials
were removed from the cylinders, and spread in thin
layers on brown paper in a greenhouse, After the
materials had thoroughly air-dried (4 days) they were
ground in a Christie and Norris mill and stored in glass
Jars. The uncomposted straw was ground in the same way.

The materials were analysed for total carbon,
nitrogen,‘phosphorus, potassium and magnesium and the
results, together with pH and G/N ratio are shown in
Table 2 below.

Table 2.,

Chemical analysis of the composts and fresh straw.

/N Total Total Total Total Total pH
P,0; Hg K N c

S traw 52 0,208 0,138 0.800 0.79 41.25

Poor compost 32 0,208 0,138 0,400 1.30 41.90 5.53
Grass " 12 0,466 0.181 0.675 2.66 32.5 6.86
Blood " 20 0,250 0,145 0,400 2.03 40,6 5.62
Fitrochalk " 28 0,216 0,133 0,350 1.46 41,20 6.10
sludge " 16 1.383 0.279 0.550 2.33 37.40 17,36
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Soils.

In the incubation studies of carbon mineralization
a Bagshot sand collected from Silwood Park was used.
Tor the pot tests the Silwood soil, an alluvial loam, and
a calcareous sandy loam were used. These samples were
collected from the O~6 in, layer of unnanured plots.
The samples were air-dried and broken up to pass a 2 mm.
sieve. IMechanical analysis and chemical properties of

these soils are shown in Table 3 (at end of chapter).

Adjusting Silwood soil to different pH values.

Batches of Silwood soil were mixed thoroughly with
finely ground calcium carbonate or sulphur in amounts
shown in Table 4 (on next page). The mixtures were
placed in 2 gallon glazed earthenware pots’having an
outlet at the bottom and the bottoms of which were coveied
with gravel (to prevent clogging). Distilled water was
added in small amounts at & time until drainage water just
appearéd. A control soil receiving no addition of any~-
thing except water was also run at the same time. The
pots were kept in a greenhouse and water was added when
necessary to keep the soils moist. 30 days from the
start 5 in., of water was applied to leach out soluble

salts, This was repeated 7 more times at 30-day intervals.
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The soils were then spread out to air dry and their pH

determined. These results are given in Table 4, below.

Table 4
Treatment pH_of Soils
0.2% GaCO3 T .48
o.1%6 " 7.30
Control (untreated) %13
0.06% 8 4.49
0.16% & | 2,92

Soils with nominal pH values of 4.5, 5.0, 6.0 and 7.0
were obtained by mixing appropriate amounts of the
treated soils. These mixtures were then moistened and
kept for 1 month in a greenhouse to allow equilibrium to
become established, = Theme were air dried again and their
pH determined. These were found toEZ.S. 5.2, 6,2 and
7.2

General procedure used in the pot experiments.

. Plastic pots having a capaclty of 500g, air-dried
soil were used. The bottog of the pot was covered with
glass cloth to hold in the soil but to allow free drainage.
Each pot rested in a plastic saucer. The alr-dried soils

were mixed with the orgakic materials (in amounts to be
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given in detail under each experiment) and the nmixture
pladed in ﬁhe pots, The seed (ryegrags er wheat) Was
sown in equal weights‘ger”pof; Distilled water was
applied in measured quantities alternately to the'top of
the soil and into the asaucer, In some cases soluble
inorganic nifrogeﬁﬂand phosphate were applieavin solution
after encrgence and after each cutting of ryegraés. The
'harvesfed plant material was dried in aluminium dishes in
an electric oven with forced air draught at 70°%. The
dried plant material wag then ground in a Christie anﬁ
Rorris nill and stored in well-stoppered bottles for

chemical analysis.
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Anaslytical methods:

Micro-digestion of the plant matérial.»

For the determination of N, P, K and lg in the
plant material, the micro-digestion methbd of Yuen and
Pollard (71) was used. Anal%r concentratéd sulphuric
acid containing 3% salicylic acid and sodium thiosulphate
with addition of 100 vol. analar hydrogen peroxide,ﬁere
used. Total N was determined by the Nesslerisation

method of Yuen and Pollard (72).

BExtraction of the soil with Morgan Reagent.

HMorgan reagent (73) consisting of sodium acetate tvi-
hydrate in 3/ acetic.acid having & pH of 4.8 was used for
estimating the "availability" of nutrients under different
treatments. Activated charcoal at the rate of 1% of the
weight of soll was used to decolourise the extract. The
actual extraction was carried out by shaking the soil and
the Morgan Reagent in ratio of }:2 plus the activated
charcoal for one minute. After shaking, the mixture was
poured on to a dry filter paper (Whatman no., 1) and the
filtrate was received in a dry receiver. The nutrients
present in this filtrate were determined. The extracts

were kept in a refrigerator until analysis.
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Garbon Wineralization.-

‘_ The CO, evolution from the organic natter decom—

- position in so0il was measured by Cornfield's method'(74).

- Total nitrogen:—

flotal W of the soil and coﬁposts.were‘determined'by
the KJeldahl's method of digestion using selenium .
oxychloride as the catalyst and dlstlllatlon in dlarkham
micro distillation still,

Ammoniacal nitrogen in the soil was extracted with Morgan

| reaaents and detcrmlned by the method of Bremnar and Shaws

(78) .

’Nitrate nitrogen in the Horgan reagent extract of soii’

-~ was determined by the method of Bremﬁar'and Snaw (75).

Phoéghate in plant material‘was‘determiﬁed‘by‘the molybdenum
blue~anino-naphthol sulphonic acid method of Yien and
Pollared (76).

. Potessium in plant material was determined by uéing'the_

flame photometer,

- Magnesium in plant material was determined coloriqetrlcully

by means of ultan
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yellow following the method )f Cornfield and Pollard (77).

Organic Carboh. Walkley and'ﬁfgck's (78) rapid titration

method was used for soll, planxnﬁﬁﬁsrials and composts.

PpHs~ The pH of the soil and of composts was determined
with the Cambridge pH meter using a calomel-glass

electrode system and soll water ratio was made 1:2.5 (79).

Mechanical Analysis.
The revised official method by the Agricultural

Education Association (80) was used for the soils.

Determination of the total exchangeable bases and the

cation exchange capacity.
Bray and Willhite's (81) method was followed %o

determine the exchangeable bases from the ammonium acetate
extracts, The total cationexchange capacity was
determined from the ammonium acetate leached residue

by the method described by Piper (79).

Water holding capacity of soils was determined by theKeen~

Raczkowski box experiment using the clrcular shaped

boxes as described by Coutts (82).
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A, Mechanical analysis of Silwood, Calcareous and

39.

Harlington soil. Fractions % in the soils (oven dry

bagis).

Sand
511t
Clay
Moisture

Loss on ignition

Silwood

Soil

80,2
10.0
5.1
1.0
3.9

Calggiiéus Har%ggéton
60.0 53.8
50.2 23.0

5.6 17.4
1.5 2.0
- 3.0
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Table 3.

B, Chemical analysis of Silwood, Calcareous and

Harlington soils.

Methods Determination Silwood Calcareous Harlington
of pH

Gaiomel glass >

electrode PH : 6.92 8.0 6.25
Amonc '

acetate C.E.C. me/100 10.90 - 12,00
K jeldahl Total N % 0.178 0.110 0.157
Boiling HC1  Total P05 # 0.154 0,320 0.217
Black and
Wialkley Rapid
titration Organic
method - Garbon % 2.12 1.20 1.90
Horgan
Reagent Total Vg y
extract PPN 30.0 37.0 73.0
Morgan -
Reagent Total K ‘ ‘
extract .~ ppm 28.4 25.0 59.6
Ammon, T.%. Bages

acetate me/100 9.3 - 10,12
Collin's ‘

Calcimeter Ga003 % nil 0.76 - nil
Keen- Water
Raczkowskil holding

Box capacity % 40,0 49.0 43,0
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CHAPTER III

iiineralisation of C in Silwood soil treated
with fresh and composted straw at 3 levels.
Mineralisation of C in Silwood soil at various
pH and moisture levels treazted with fresh

gstraw and composted straw.

Introduction,
Experiﬁental.
Results,
Discussion.

Summary and Conclusion.
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Introductiod.

A gearch of the literature has shown that virtually
no .work has been reported on the comparative rates of
decbmposition of fresh and composted straw when added to
soil, Cornfield (74) in his paper on a method of
determining mineralization of carbon in soils also
showed that straw decompogsed at about three times the rate
of compost when these were added to soll and incubated
for 90 days. Since this was in the nature of a
preliminary experiment the itwo following more detailed
studies were carried out: |
Expt, A. Carbon mineralization was determined in a soil
of pH 6.1 which had been treated with fresh straw and
composted straw each at 0.55, 1.0% and 2.0# by weight.
In addition mixtures of fresh and composted straw were
added. This was a long term incubation test lasting for
311 days. '
Expt, B. In view of the pbasible importance of both
801l pH and moisture level on the comparative rates of
mineralization of the two types of material in soil this
experiment was concerned with measuring mineralization

rates at four soil pH levels and three moisture levels.
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-~

Experiment A.
Effect of three levels of gtraw and compost in

mineralization of carbon.

The s8o0il used was the Silwood soil, the straw was
finely ground wheat straw and the compost was the
nitrochalk compost. Detalls of these are given in

Chapter 1I,

Experimental.,

10g. portions of the alr-dried 2 mm sieved soil
were mixed with the finely ground materials in the
amounts shown in the table below and placed in 6 in. x
% 4in. test tubes., A comtrol soil (i.e, one containing
no organic amendment) was also prepsred and‘all

treatments were done in duplicate.

Serial : ) —XEbbreviations

no, Ireatments used
1 Control
2 s0il + 0.57% fresh straw S,
3 soil + 1.07 L \ S,
4 goil + 2.0% " " S4
5 soil + 0.5/ compost Cy
6 soll + 1.0% n ‘ ‘ o 02
7 soil + 2.0%__ L ' Cs
8 goil + ©,6f%compost + 0.33% straw 56,
9  a@oil + B.33% compost + 0,667 straw ¢,
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Water was added to each tube to bring the moisture
content to 50% of the ﬁateiuﬁolding capacity. This
water contained 2 mg. N as potassium.nitrate. This
was to ensure that nitrogen was not a limiting factor
in decomposition, particularly of the straw. The method
of determining C mineraiization in fhese tubes duiing<
incubation at 28°C then followed that described by
Cornfield (74). CO, release measurements were made, usmg
Cornfield's apparatus (plate 1), after 3, 6, 10, 15, 20,
28, 38, 48, 58, 69, 83, 103, 125, 147, 175, 235 and 311

days i.e. 17 measurements in all,

Results.

Results are shown in Table 5 (at the end of
dhapter) and Pig. 1, Results are presented as cumulative
percentage recovery of added §arbon (as carbon dioxide)
legs that given by the control soil.

Straw vs. compost. With each of the three levels of

gtraw there was rapid decomposition of the material
during the first 50 days and during this period about
half of the original straw was lost. An inflexion point
occurred at about this periodvﬁnd thereafter the rate

of decomposition with all thrée levels of straw decreased

in comparison with the earlier period. However,



A bé’ctery of six Goe‘meaaurement apparatus as deviéed
by Oornfield. - They were used in the carbon mineraliaa-
tion experiment as described in this Chapter.:
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decomposition continued at a more-or-less linear rate.

With the compost there was no relatively rapid
release during the earlier period of incubation such as
occurred with the straw., The rate of release was more-
or-less linear ﬁith fime right from the start of
incubation,

Results were analysed gstatistically after four
periods of sampling, viz., aftei 20 days, during Whiéh
period the straw was decomposing relatively raplidly, after
58 days, at which point the rapid rate of decomposition
had terminated and the slower rate had started, after
175 days, which is about halfway through the incubation
period, and at the end of the incubation period. These
results and their statistical interpretation are shown
in Table 6 (at end of chapter). |

A conmparison of straw and compost decomposition at
each of the three levels indicated that loss of straw was
significantly greater (P = 0,05) than that of compoét at
the same level, at all periods. During the early part
of the incubation a much higher proportion of siraw was
decomposed than was compost compared with the later part
of the incubation.‘ Thus after 20 daygTat the 1% level
of addition 32% of the straw and ohly 9% of the compost
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had decomposed, whilst at the completion of incubation
69% of the straw and 32% of the compost had decomposed.
A similar trend held with the materials at the two other
1eveis of addition. , , , ‘ |
Yarying level of Straw. The lower the level of added

stfaw ﬁhe greater was the percentage of the added material
decomposed after any periocd., This was particularly the
case with the 0.5% level of straw compared with the 1%

and 2% levels. With the two latter levels there were
slgnificant differences in decomposition during the
‘middle period of incubation, but not during the early

and later stages. There was also a trend for differences
in decomposition due to level of added material to be |
greater during the early than during the later stages of
“incubation. '

Varying level of Compost. As with straw the lower the
level of compost the greater was the percentage of added
material decomposed after any period. With up to 58

days incubation there were no significant differences in
the percentage decomposition of the 1% and 2%‘levels of
compost, though both of these were significantly less

than that of the 0.5% level of compost. By the middle
and at the end of incubation there were significant
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differences in the percentage decomposition at all three

rates,

Mixdd straw-compost treatments. The mixed straw-

compost treatments, given so as to produce a 1% level of
total added material, produced results intermediate

between those given by straw and compost added separately.
The straw 0.66%-compost 0.3%% decomposed more'rapidly ;,
then did the straw 0.33%-compost 0,66% and thedifferénces
were significant at all stages of incubation. Replacing B
one-third of the siraw by compoet resulted in significantly
reduced decomposition, whilst replacing one-third of the
compost with straw resulted in significantly increased |
decomposition. The latter change tended %o have a
pomewhat greater d&ffect than the former, particularly
during the early stages of incubation.

A comparison of expected and obitained values of
retention of added material with varying straw-compost
ratio at the four sampling dates is shown in Table 7 (a%
end of chapter). These values were obtained by plotting
percentage retention against proportion of.straw as shown
in Pig. 6. The difference between the expected énd
obtained value is a measure of the influencé of the

presence of one material on the decomposition of the other.
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In all cases, except one, retention was reduced (i.e.
decomposition was increased) when the mixed materials
were used. There were consistent differences due to

varying the proportion of siraw to compost from 2:1 to 1:2,

Comparison of the retention of straw and compost on an

"economic" basgis.

Since during the composting of straw about half the
dry matter is lost, a comparison of the retention or
gtability of the two materials in soil should be made
by comparing & given level of added straw with half its
level of added compost. This has beenfdone.in the table
below where the retention of the added materials are
nresented comparing 1% straw with 0.5% compost énd 2%
straw with 1% compoat, |

Incubation S
period 20 days 5B days 175 days 311 days

Treatments’

Straw 1% . 68,0 46,8 = 33.9 = 31l.1

Compost O.5% 44.2 41.0 28.0 26,2

Straw 2.0 75.0  56.5  34.2 30.9

Compost 1%  45.0 43.7 3507 33.9

With the lower levels of the two added materials

retention of straw was always higher than that of
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compost, although the retention figures approached each
other with time, With the higher levels of the added
materials retention values were higher for straw during
the éarly stagés‘of incubétion, were similar half way
through and were higher for the compost 5y the end of

incubation.

Discussion.

The differences in the rate of decomposition of
straw and compost in soil may be accounted for by the
differences in the chemical composition of the two
materials. The main difference is that straw contains
a relatively high proportion of éelluloses-and hemi-
celluloses as compaied with the compost. These materiala
are @ecomposed fairly quickly and this would account for -
the rapid rate of release of 002 during thé first few
weeks of decomposition, Thereafter the rate of reiease
is low¢r and the 002 released from here to the end of the
incubation would come from the relatively slow decomposi-
tion of lignin and lignin-like materials (93). In the
case of the compost, where cellulose and hemicellulose‘

are virtually abgent (95) the general slow rate of release
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of CO, throughout incubation would come from decomposi-
tion of lignin and modified lignin materials formed
during the composting process (96). It has been shown
fhat during the composting process (94) lignin tends to
‘. accumalate, but becomes modified through association with
microbial protein. This association seems to stabilise
the lignin to a fair extent, thus its rate of decomposi-
tion when added to soil is low. It is interesting to
note that after about 175 days of incubation the rate of
release of 602 for all materials was very similar (the
tendency for the curves in Fig. 1 to be more-or-less
perallel after ihis period). This indicates that the
less easily decomposable materials in straw have now
assumed a compasition similar to the materials present in
compost. Thus in effect an "in situ" composting of
straw has probably occurred during the early stasges of
decomposition, |

When straw was applied at the 0.5% level the amount
which was retained (19%) by the end of incubation was
much less than that retained (32%).when straw was applied
‘at the 1% and 2% levels, This indicates that if straw
is to be used for maintaining s0il humus level it would
be better to apply large amounts at infrequent intervals
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than small amounts at frequent intervals. Broadbent
(27) obtained similar results whilst studying the
decomposition of oat straw in soils. It is interesting
to note that by the end of incubation there Was‘no
difference in the extent of retention of the applied 1%
and 2% levels of straw, This may be due to the faof
' that(with the heavier dressing (which is equivalent to
20 tons straw per abfe-Q in; layer of soil)‘hhere results
an accumulation of decomposition products which tends to
reduce the rafe of decomposition of the residual straw.
- In the case of the different levels of compost there was
an inérease in the percentage retention {from 53% to 77%)
with increasing level of added material, Thus with |
compost, as with straw, better long-term retention would
be obtained with large amount applied infrequently than
with small amounts applied frequently.

Thevﬂecémpesition rate of the straw-compost mixtures
was -usually greater than would be expected from a
knowledge of the decomposition rates of the two ﬁateriale
added smeparately. This interaction effect is perhaps
. what we might expect if the vigorous microbial population
iﬁduced through the decomposition of the straw was able
also to attack the relatively stable compost. This is
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confirmed by the fact that where the proportion of straw
to compost was high (2:1) the difference between the
obtained and expected decomposition was greater than
where the proportion of the straw to compost was low
](132). This indicates that the stability of compost
in s0il is due not entirely to inherent chemiocal stability,
but also to the nature of the microbial population
presant, It also indicates that in practice +the
application of straw té & s0il which in the past nas
received compost only ié 1ike1y'to accelerate the décomp-
osition of compost. Results along these lines have been
obtained by Broadbent (26 and 27) who found that the
deoompbsition of green manure in soll resulted in loss of
native organic matter.
When the retention of straw and compost are compared

on an "economic" basis (i.e. since it requires a given
weight of straw to produce half its weight of compost)
it 1s seen that the ultimate retention of material is
slightly better for stréw than for aompost with the lower
rates (i.e. comparing 1% straw with 0.5% composf) whilst
the reverse is true with the highef rates (i.e. cahparing
2% stiraw with 1% compost)., Thus in practice where waste

plant material is available only in limited quantity it
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confirms the importance of preserving this material as
compost and applying it in large amounts infrequently
rather than applying it in small amounts frequently in

uncomposted or composted form.
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Experiment B.

Effect of soil pH and moisture level on minéra1;2atlon

of carbon from soil treated with straw and compost.

E;gerimentél.
The Silwood soil which had been adjusted to pH

levels of 4.5, 5.2, 6.2 and 7.2 {(as described in Chapter
II) was used in this experiment, For each pH a contrci,
1% compost addition, and 1% straw addition was made.

10g. samples of soils wére used in 6 in., x % in. teét
tubes as described in Experiment A, Three moisfuro
levels were used, wiz. 20% of the water—holding capacity
(WHO), 507 of the WHC, and water logging (half an inch
of water above the soil surface). 2 mg, nitrogen as
KNO5 was added to all tubes, The vial containing barium
reroxide was placed in each tube, which was stoppered and
incubated at 28°C.  Carbon dioxide evolution was
determined by analysing the contents of the vial after

3y 8, 14, 20, 28, 37, 47, 64, 86, and 118 days, ten
determinztions in all.

All treatments were dome in duplicate.
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Results.
Besuits for the cumulativé percentage of added
carbon less that from controls are shown in:
Fig. 2 and Table 8 (end of chapter) for the pH 7.2 soil
Pig. 3 and Table 9 (end of chapter) for the pH 6.2 soil
Fig. 4 and Table 10 (end of chapter) for the pH 5.2 soil
Pig. 5 and Table 11 (end of chépter) for the pH 4.5 soil,
Statistical treatment of the results weré done for
20 days and 47 days from the start and also for the
final sanpling (118 days from the start), and are shown
in Tables 12, 13 and 14 (a2t end of chapter).
The abbreviations to be used from now on are as
follows:
S = ptraw
€ = compost
20% .= 20% of the water-holding ecapacity
50% = 50% of the water~holding capacity‘
WL = waterlogged. | | ‘

After 20 days incubation.
| The mean G02 release from both straw and compost
treatments at the three moisture and four pH levels are

shown on the next page.



COMULATIVE
PeRCEN TAQE

c¢ ADDED CARBorS

RECOVERY

vLe—- %

12 LRALISATioN oF CARBonN

AL

S\.woob

Sei of W L

-

.
rkae g Dhapin
L] Jaiii—

o]
e

Cﬂ’ 18-3

N D Ax s



56- )

Straw
pH

4.5 542 6.2 7.2
WL 3.1 3.0 2.8 4.9
Moisture 50% 15,0 27.2 23.1 23.9
207 11.3 18,6 17.3 21.4

Compost
L 2.8 2.8 3.8 3.8
Moisture 507 5.6 7.0 8.7 7.1
205 4.4 3.5 3.7 6.1

CoDc a‘b P = 0.65 is 0.80

iiith the straw treatment ¢ mineralization was much
less at all pH levels under waterlogging thatat 50% or
2074, C mineralization ét pH 7.2 was significantly
greater than at‘lower pH levels. With decreasing
moisture level ¢ mineralization was at 2 maximum at 50%
and decreased at 20%, Differences due to moisture level

were significant at all pH levels.

Under waterlogging G mineralization from the compost
treatment was little different from that at straw at all
pH levels., C mineralization at 20% was not much higher
than that at waterlogging at all pH levels, although the

differences were usually significant. As with straw the
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maximum C mineralization occurred at 50% at all pH
levels, though the extent of mineralization was much
less (about one-third) than that from straw.

With increasing pH maximum C mineralization
occurred under waterlogging and at 20% at pH 6.2 or 7.2
whilst at 50% it occurred at pH 5.2 or 6.2.

‘Afteg A7 days incubation.
C mineralization from the straw and compost treat-

ments at the three moisture and four pH levels are shown

below,
Straw
pH

4.5 5.2 6.2 1.2
WL 6.9 7.2 6.8 10.3
Moisture | 507 22,2 41.6 40,6 42.9
20% 17.9 27.7 29.2 39.0

Compost
WL 4.8 5.4 7.4 5.8
Moisture 507% T.8 12,0 17.6 15.2
20% 7.6 8.0 11,1~  10.8

C.D. at p = 0.05 is 1.2.
Under waterlogging with‘the straw treatment C
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mineralization was greater atrpH 7.2 than at the other

H levels. It was much less at all pH levels at water-
logging thah at 50% or 20%4. As with 20 days incubation
¢ minerslization was at a maximum at 507 and decreased
again at 20%. Differences dﬁe to moisture level were
Esignificant at all pH 1evels.‘ »

Under water logging € mineralization from compost
was usually less than that from sgtraw, It was signifi-
cantly higher with compost at 20% than at waterlogging,
with the difference increasing with pH. As with the
straw maximum C mineralization occurred at 507%.

With increasing pH maximum C mineralization occurred
at pH 7.2 with straw at all moisture levels and at pH
6.2 with compost at all moisture levels,

After 118 days incubation.

C mineralization from the straw and éompost treat-

ments for the three moisture and 4 pH levels are shown

on the next page.
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Straw
B pH
' 4.5 5,2 6,2 7.2
VL 8.8 10,3 12,4  16.1

Holsture: 50% 2845 52.5 49,9 59,6
20% 21.9 39.9 35.3 41.5

Compost
WL 5.8 T 9.9 9.9
Moisture 50% 10.9 17.3 23.5 20.5
20% | 8.8 10.6 15.0 15.1

C.D. at p = 0.05 is 1.7

Here agaih C minerélizatioﬁ‘from straw was much
lower at all pH levels under water logging that at 50%
and 20%. Except for the fact that higher values were
obtained the trend of differences was similar to those
occurring with 47 days incubation,

With increasing time of incubation the main changes
to be noted were (a) with both straw snd compost under
waterlogging an increase in the magnitude of C mineraliz-
ation due to increasing pH (b) with compost at 507% an
inerease in the difference in C mineralization due to pH
level (c¢) with straw at 507 an increase in the pH for
maximum C mineralization from 5.2 after 20 days to 7.2
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after 118 days (d) with compost a tendency for C
mineralizatioﬁ to increase with time between 507 and

20%, and (e) with straw at 50% and 20% the rate of C
mineralization during the early stages (up to 8-14 days)
was much more rapid than at the later s%ages. At water-
logging straw behaved rather like compost in that C
mineraligation was almost linear in relation to time.

Ultimate carbon retention,

From the practical point of view the extent of
retention of straw and compost at the end of the 118 days
incubation period is of interest, These figures are given

below,
| Straw
pH
4.5 5.2 6.2 1.2 fean
WL 91.2 89.7 87.6 83.9  87.8

Moisture  50%  T1.6  47.5 50,1  40.4 52,4
206 8.1 65.1 64,7 58,5 - 66.6

Wiean 80.4  67.5  67.4  60.9  68.9

Compost

VL 9¢.2  92.3  90.1  90.2  91.6

Moisture  50% 89.0 83.7 6.5 79.5 82,1
204  91.2  89.5 85.0 84,9  87.8

Mean  91.4 88.5 83.8 84.8 87.1
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The main trends to be noticed are (a) under water-
logging most of the € of both straw and compost remained
et the end of the incubation period (b) at 507 about
three-quarters of the straw remained at pH 4.5 and about
half remained at the three higher pH levels (e¢) ét 50%
nine-tenths of the compost remained at pH 4.5 and about
four-fifths at the higher pH levels (d) at 207 four-fifths
of the straw remained at pH 4.5 and abqut two-thifds at
the higher pH levels; with compaest at 20% about nine-
tenths remained at all pH levels.,

General effect of moigture level. o
The average results obtained at all pH levels and
the average of the straw and compost treatments showed
that‘c mineralization decreased in the order:
506  20% WL
These were significantly different from each other

and results were similar at 20, 47 and 118 days.

General effect of pH level.

The average results obtained at all moisture levels
and the average of the straw and compost treatments

decreased in the order given over the page.
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20 days _"_('_._2_ élc_g 6;2 4-5
47 Goys 1.2 6.2 5.2 AsS

-118 days © J.2_. 6.2 5.2 4.5
Figures over thesaﬁe line were not significantly
different from each other, but were signigicantly different
from figures over other 1ines; Thus 1t is seen that
there is a difference due to date of sampling; after 20
days incubation there was no significant difference at
PH 5.2 and 6.2, whilst at the later stages all differences

dﬁe'to pH were significant.

Discussion.

| The 204 water-holaing capacity moisture level was
used in this study because 1t represented a pF value of
4.1, which is very near the wilting-point pP. The 50%
waterJholding capacity moilsture level was used since it
-represented a pF of 2.6, which is approximately the field
capacity of the soil and gifes ideal conditions for plant
growth,

The greater losses of C at both 20% and 50# WHC

compared wifh those at water-logging is presumably due to
the much more favourable physical and biological con-

ditions prevailing under the former conditions. At 204
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and 50% WHC conditions are suitable for most forms of
micro-organisas {aerobic bdcteria, fungi, and actino-
mycetes) which are able to decompose carbonaceous
material. Under water-logging, conditions are not
gultable for any of these forms, and decosnposition is
carried out mainly hy anaserobic bacteria. Since there
is only a linited nunber of these species, this would
explain why C mineralization is poorer under water—
logging than under aerobic conditions, where a large
variety of species ié\éqtive. The greatér mineralization
at 50% than at 204 WHC iﬁdicates that the conditions

for the functioning of the aeroblc organisms are more
‘suitable at the former moisture level. Thus mineraliz-
ation of added carbonaceous material is at e maximum
under those moisture conditions which are also conducive
for optimum vlant growth, Since C minefalization is
usually accompanied by mineralization’of essential plant
nutrients (nit#ogen, phosphorus, sulphur, etc.) it is
perhaps fortunéte that at the molsture content which is
most conducive to optimum plant growth and the highest
reqﬁirements of the plant for mineral slements maximuﬁ
mineralization of carbon and also ?resumably of these

natrients takes place.
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From the §oint of view of retention of added
carbonaceous nmaterial water-logging conditions are
superior to aerobic conditions, and retention also
decfeases as moisture content increases from the
wilting point to field capacity., Thus the ideal con-
ditions for C retention would be under water-logging,
preferably, or under dry conditions. Unfortunately
under dry conditions plant growth is poor, whilst under
water-logged conditions only a limited number of plant
species can be grown. These latter are however
‘ represented by some very important tropical erops, viz.,
rice, jute, sugarcane, and bamboo, It is interesting to
note that very often where such crops are grown the soil
is usually subjected 1o water-logging during the growing
season, but is allowed to dry out almost completely in
the off-gseason, Since both these conditions are con-
ducive to maintenance of organic matter this may‘explain
in part why such soils have remained fairly productive
even after many centuries of cropping without addition
of inorganic fertilizers,

The general trend for C mineralization of both straw
'(partieularly) and compost to increase with pH is probably
due to the fact that at the higher pH levels the cellulose-
decomposing bacteria, especially the cytophaga group,
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funection most efficiently, and are poorly active at pH
levels less than 6 (10). At pH 5.2 fungi and actino-
mycetes are probably mainly responsible for decomposing
carhonaceous material, but their activity may be quite
considerable, since it is seen that ¢ mineralization at.
PH 5.2 is not much less than at the higher pH ievels,
especially under aeroblc conditions. At pH 4.5, where
C'mineralization is much lower than at the other pH
levels, only specialized fungilsuch ag the Trichorderma
can function, and then only under aeroblc conditions.

At pH levels of 5.2, 6.2 and 7.2 the differences in
¢ mineralization rates ffom straw due to varying moisture
levels were not greatly different and the somewhat higher
levels of mineralization oceurring at a particular
moigture level at pH 7.2 compared with the itwo lower pH
~levels was statistically significant, but not of much
practical significance. A similar trend bf results
‘occurred with compost, but here the proportion of compost
mineralized was somewhat greater at the highest pH level
than at the two lower levels than in the case of straw,
At pH 4.5 straw minerslization was reduced to a greater
extent at 50% then at 207 WHC compared with the higher
 pH levels, This is probably because since conditions

for mineralization are most favourable at 50% WHC, changes
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in pH would have more effect under these conditions than
at the lower moisture level, where conditions of
mineralization are not so satisfactory.

The most pronounced effect of water-logging at all
PH levels was to greatly reduce the mineralization of
straw, 1In fact under these conditions straw mineraliz-
ation was only slightly greater than compost
mineralization.

Of practical significance are the ultimate retention
values for the different treatments, The overall
retention of straw (i.e. the mean of all treatments at
all pH levels) at the end of the 118 days incubation was
68.9% and of compost 87.1%. There were however
important differences due to both pH and moisture levels.
The effect of greatest magnitude was the much higher
retention of straw under water-logging than under aerobic
conditions, and also of falr magnitude, the greater
retention of straw at pH 4.5 than at higher pH levels.
Although results for compost chowed similar trends to
those for straw, the mggnitude of the differences were
not as great, which is what might be expected, since even
under the best conditions of moisture and pH compost

retention was greater than that of straw. From the
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point of view of maintaining soil organic matter it
would appear that in general compost is more effective
than straw, except under water-~-logged conditions where

there 1s 1little to choose between the two materials.
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sSumnary.

E;geriment A,

| Carbon mineralization was determined over 311
incubation days at 28°%C from a soil of pH 6.1 treated with
0.5%, 1.0% and 2.0% of fresh straw and composted straw
and also with mixtures of fresh and composted stiraw.

With all levels of straw there was a rapld decomposi-
tion during the first 50 days, during which about half
the original straw was decomposed, thereafter decomposition
raté was slower. The lower the level of added straw the
greater was thé percentage of added material decomposed
‘after any period. With the 1 and 2% levels of straw
_there was little dlifference in the percentage decomposed
by the end of incubation.

The decomposition rate of the composts was more-or-
less linear with respect to time of incubation.  The
lower the level of added compost the greatervwas the
percentage of added material decomposed after any period;

The decomposhion rate ef mixed straw-compost
additions was intermediate between those of straw and
compost added separately. However, the decomposition

rate of the mixed materials was usually greater than
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would be expected from a knowledge of the rates of
decomposition of the separate materials,

A comparison of the extent of retentich of straw
and compost on an "economic basis®", i.e, allowing for dry
matter lost during the composting process, showed that
with low levels of added materials (1% straw, 0.5
compost) retention of straw was always higher than that
of compost, although the retention figures approached each
other with time. With the higher levels (2% straw, 1%
compost) retention values were higher for straw during
the early period of incubation, but were higher for com-

post by the end.

Experiment B,
The decomposition rates during incubation at 28°¢

over 118 days of 1% fresh straw and 1% composted straw
added to a soil which had been adjusted to pH values of
4,5, 5.2, 6.2 and 7.2 and at moisture levels of 20% and
50% of the maximum water-holding capacity (max., W.H.C.)
and also at water-logging wére determined.

At pH 5.2, 6,2 and 7.2 straw decomposition rate at
50% max., W.H.C. was somewhat greater than that at 20% max,

W.H.C., and there were no great differences due to pH.
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i

At pH 4.5 straw decomposition was also somewhat greater
at 50% max, W.H.C, than at 20% max. V.H.C., bdut
decomposition at both moisture levels was much less at
%hié pH that at higher pH levels.

Compost decomposition showed itrends of differences
due to moisture level and pH similar to those for straw,
except that the extent of decompoéition and the magnitude
of the differences were less than for straw.

Under water~logging at all pH levels straw
decomposition, in particﬁlar, and compost deéemposition
were less than at the two other moisture levels. Under
- water-logging the rate of straw decomposition was not

much different from that of compost decomposition,
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Table 5, Cumulative percentage recovery (as 002).durigg

Silwood soil.

O

Incubation

Treatnent 3 6 10 15 20 28 38.

Straw 0,54 15.0 28,9 34,4 41.0 46.4 48.9 52,4
Straw 1.05 9.4 16,4 21.6. 27.2 32,0 37.5 42.5
Straw 2,05 10.4 14,3 17.6 21.6 25.0 28.8 33.6
Compost 0,5% 5.9 8.0 9.0 10,8 11,5 12.2 12.5
Cmpost 1.0% 5.5 6.4 7.0 7.8 8.9 9.5 10.7
Compost 2,0% 4.0 5.2 6.3 7.8 9.3 10.4 11.4

Strawq.3%% +
CO:ﬂpOStO«GG%’ 7.6 12.6 15-4 18.1 2011 22‘7 24¢8

S‘traWO. GG:é ' 3

Compost 8.1 16,9 22.1 26.8 30.0 3%2.5 3%6.1




1ncubation st 2690 rron atraw and conooat

T24

in days

8 S5 69 683 103 125 147 175 2% 4
. 5BeB5 e B0.T 65,0 = T2 TAeS 19,0 82,0
4845 5702 596 ST.L 5945 60,7 62,0 66,1 7.5 6849
36,8 43,5 46,5 50,4 56,1 60,0 625 65.8 67.2 60,1
- 18,0 = 21,7 28,7 = 36,7 43.9 45,4 4745
T1,9 1245 = 15,0 17T~ 2449 28,5 20,9 32,2
v 13,9 = 14,9 16,1 ~ 18,6 20,4 21,7 21,9
w 28,4 e 20,6 0.9 = 35,9 38,2 41,4 47.3
41,0 43.9 45,3 46.1 48,1 40,9 49,8 58,3 S7.7 62,2
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Table 6. The cumulative percentage recovery and reténtion
Silwood goil at 20 dags, 58 days, 175 days and 311 days incubation

of added carbon are also shown,

Treat- 20 days 58 days
ments '

- Recoveréd Retzined Recovered Retalned

T
S,  46.4 53.6 58,5 41.5
S, 32,0 68.0 53,3 46.7
S5 25,0 75.0 43.5 56,5
c; 115 88.5 18.0 82,0
0, 89 9L1 - 125 8T.5
Cs 9.3 90.7 13,9 86.1
SC; 20,1 79.9 28,4 T1.6
General mean - L General mean
(recovery) 22.9 ‘ (recovery percentage) 34.0
S.E. of treatment mean =0.846 S.E. of treatment mean
G.D. at 5% = 2,000 . (recovery percentage) = 0. 6557
Statistical interpretation  C+De 2t 5% = 1. 55 {
- of recovery percentage Statistical interpretation of
at 5% recovery percentage at 5%

5y 85 85 80 50 G £, 65§ 32 88,54 S"1 & S5 S
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of the added stiraw + compost and their mixture in
period are shown. Statistical analyses of the recovery -

175 days B 311 days
Recovered Retained Recovered  Retained
- — v
74.6 25.4 - ' 82,0 18,0
66,1 33.9 S 69,0 31.0
65.8 3.2 . 69.1 30.9
43,9 56.1  ‘, ' 47,6 , 52.4
- 28.4 T1.6 , ‘ 32.2 6T7.8
38,2 61.8 4T.3 52,7
54.3  45.7 | 62,2 37.8
Géneré.l mean ‘, General mesn
(recovery) 48.98 (recovery) 53%.91
S.E. of treatment mean 3.E. of treatment mean. A
(recovery percentage) = 1.5 (recovery percentage) = 1.71
CeD. at 5% = 3.55 CoD. at 5% level = 4,04
Statistieal interpretation Statistical interpretation
at 5% level . (recovery percentage) at 5%

;§1§2§3.§.§2§1§21§2_Q3 1_3___250203 26 0 03
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Table 7. Comparison of expected and obtained values of
retention of added organic matter with varying gtraw-
comp opt mixtures. '

Incubation

time

Treatment

Expected

Obtained

Ditge,

20

s

175

311

strawos, 3% .
Pt

composto.66%

Straw O 66%

composto.33%

- strawo, 3%k

+

composto.66 |
BtréWOcGG%

+
compoat 0, 354

strawo. 33%

+ .
composto,.b66%.

straw 046664: :
+

~ compost 0,33

strawo, 33%

: + .
compost s, 66%

gtrawe,66%

+
composto.33%

83.5
75;5

74

“ -6015‘\V

. 46:5

59.5

56

43.5

79.9

70.0

" T1.6

56,9

45T

61.8

52,7

37.8

4.6
5.5
2.4

3.6

- 0.8

-2.3 .

3.3

5.7







Tablé 8. Cumulative percentage recovery of added C (as
added to Silwood soil of pH T,2.

3 8 14 20 28 37
days days days days days days

STW 0.5 2.3 %4 4.9 6.2 7.8
ST 50% WHC 3.40 14.00 21.6 23,8 31.9 36.6
ST 20% WHC 2.8  11.5 16,3 21.8 26.7 30.5

CTW 0.6 1.3 1.8 3.7 4.3 4.8
- 0T 50% WHC 0.9 2.9 5.3 7.0 8.5 1l.9

cT 20% WHC 1:3 3o4~ 4--8 ' 6¢0 7'3 902

able 2 nmulative percentage recovery of C (as co 2)
added to Silwood soil of pH 6.2.

3 8 14 20 28 37
days days days days days  days

STW 0,50 0.75 2,1 2.8 4.4 5.5
ST 50% WHC 5.4 15.4 20,3 23,1 30.2 34.6
ST 20% WHC 3.4 13,0 16.8 17.3 22,11 25.5
CTW 1,2 2.4 3.0 3.8 4,7 5.7
CT 50% WHC 4.3 5.9 8.0 8.7 11.5 14.5
CT 20% WHC 0.8 1.9 3.0 3.7 4.7 5.8
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ggez during incubation at 28°C_from straw and compogts

47 64 86 118 Retention
days days days days percentage
10,3 12,00 14.08 16.1 . 83.9
42.88 50,76 53.8 59.6 40,4
34,0 35,7 38.9 41,5 58.5

5.8 6.7 9.4 9.8 90,2
15,1 16.6 19,1 20,5 79.5
10.8 12,1 4.1 15,1 84.9

during incubation at 28°C from straw end compests

47 64 86 118 - Percentage
days days days days retention
6.9 8.8 10.8 1l2.4 87.6
40,7 43.8 46,1 49.9 50.1
29.1 31.5 33.3 35.3 64.7
T.4 8.3 9.5 9.9 90.1
16.6 19.0 22,3 23.5 76.5

11.2 11.9 13,0 15.0 ‘ 85,0
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Table 10. Cumulative percentage recovery of C (as CO,)
added to Silwood soil of pH 5.2.

3 8 14 20 28 37
days days days days days days

ST ©0.61 1,01 1.22 3.1 5.8 6.7
ST 50% WHC 3.8 12,2 22,5 27.18 733.7 736.8
- ST 20% WHC 0.5 7.5 13%.8 | 18.7 22,20 23,10
CTW 0.34 0,80 1,00 2.7  3.45 4.4
CT 50% WHC 3.9 4.8 5.8 6.0 8.2 10,1
CT 20% WHC 1.2 2,3 3,1 3.5 4.0 5.7

Table 11. Cumulative percentage recovery of added C (as
added to Silwood soil of pH 4.5.

3 8 14 20 28 37
days days days days days days

STW 1.5 1,9 2.6 3.1 4.4 5¢5
ST 50% WHC 2.6 11.2 13.1 15.1 17.2 21.13
ST 20% WHC 0,80  6.57 8.2 11.32 14.1 16,3
cTW 0.6 1.4 2.3 2.7 3.7 4.0
CT 50% WHC 0.5 2.0 2,9 - 5.8 6.3 7.0
CT 20% WHC 0.70 2.7 3.3 4.4  5.20 6.3
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during incubation at_28°¢ from straw and compostis

-47" 68 86 118 Percentage
days days = days days - retention
7.2 7.5 10.11 10.3 89.7
41,5 43.T 48.6 52,5 47.5
27,7 29.4 34,10 34.9 65.1
5.4 5.9 6.4 T a3
12,0 12,8 13.8 16.3 85.7

8.0 8.4 9.7 10.5 | 89.5

_q_gzz during incubation at 28°C from straw and composts

47 64 ° ‘86 118 Percentage
days days days days retention
6.9 7.5 8.0 8.8 91,2
22,20 24.8 27.4 28.44 71.6
17.9  20.6 21.8 21,91 78,1

4.8 5.0 5.3 5.8 94.2
7.8 8.5 9.3 11.0 89.0

7.6 T.9 8.2 8.8 9.12
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Table 12, Statistical analysis of 20 days incubation.
12A.,

Treatments.
Average percentage recoverj'
straw 14.%0
compost 4.94

General mean 9.62
S.E. = 0,671
C.D. at 5 1.39
Statistioél interpretation at 5% level of significanee.

gtraw compost

Hoigture
"~ Average percentage recovery

waterlogged 3.36

507% WHC 14.72
20% WHOC 10.79

General mean 14.44
S.B. = 0.629
C.D. at 5% = 1.30
Statistlgal interpretation at 5% level of significance
507 WHC 20% WHC = waterlogged
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| | Sol) pH. |
. Aveiage‘parcentage recovery unﬁer'different pﬁ.
P 4.5 7.08
" 5,2 . 10.35
" 6,2 9.91
" 7.2 11,16
‘General mean 9.63

5.E. of difference
- of pH menas 0.300

- C.D. at 5% 0.621

Statistical interpretation at 5% level
pH 7.2 pH 5.2 pH 6.2 pH 4.5

Interactions of treatmentanﬂimoigﬁg »

Treatment —

Straw Compost
Hoisture -
Waterlogééd 3¢4 43;2638
50% WHO | 22,2875  7.1500
20% WHC C 17.625 - 44125
Average = 114.3042 - 4.9421
S.B. = 0.3674  C.D. at 5 = 0.7602

tatisti a. inter retation at 5% 1evel

S5-507% S=20% §0§ 0~20% S—WL C-V1,

Average ‘

3.3632
14,7198
10,7875

19.6235
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"Interacticns betwaeen treatment and soil pH

Soil pE-;* D - o o
4.5 5,2 = 6.2::% T.,2 Average

‘ Treatment
Straw  9.8333 16,2833 14,4000 16,7000 14.3042
Compost . 4,3166 4.4167 '5.4166 -5,6167 A4.9417"
Aversge 71,0750 10,3500 9.9083 11.1584 9.6229

S.E. = 0,4243

C.D. at 5% = 0,8779

Statisficai inter retatidn'at eve o
S-7.2 §-5.2 6.2 S=4.5 C=T.2 C=5.2 06,2 GC-4,5

128

Interactions between soil pH and moisture

Soil pi — , o : ~

Hodsture 4.5 5.2 6.2 7.2  Average
Waterloggéd' 2,95 :2.90 3.3 4.3 - 3.3625
50% WEC 10,425 17.75 15.925 15.45 14,7225
204 WHC 7.85 11,075 10,500 13,725 10,7875
Average ©7.075 10.35  9.91 11.16  9.625
S.E. = 0.5197 C.D. at 5% = 1.0753

Statistical 1nterpretation at 5p 1eve
v Pﬂio p6-M50 - p7=M50 p4-M50 EL-M2O M
pA-M20 p-MWL p6-MWL p4-MWL p5-UWL
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Iable 12-Part Il. Percentage récoverz of sdded

days at 28°C in Silwood soil of different pH.

Soil pH 4.5 Soil pH 5,2
RI RII Total . RI RII Total
Moisture
Waterlogged 3.1 3.2 6.3 3.2 2.9 6.1
Moisture ' ,
: 504 WHC 15,3 14.8 30.1 26.6 27.7 54.3
STRAW : :
: Moisture
20#4 WHC 12.4 10,2 22.6 18.4 18.9 37.3
Total 30.8 28.2 59.0 48,2 49.5 97.7
Holsture ) ,
Waterlogged 3.1 2,4 5.5 3.4 2.1 5.5
Molsture ‘ ,
- 50% WHC - 6.% 5.3 11.6 6.6 T.4 14,0
COMPOST '
Moisture
20% WHC 4»4 494 8:8 3.6 304 700
Total 13.8 12,1 25.9 13.6 12,9 26.5
Moisture
Waterlogged 6.2 5.6 11,8 6.6 5.0 11.6
Moisture ' | | ‘
50% WHGC 21.6 20.1 41.7 33.2 35,1 68,3
TOTAL :
Moisture
20 WHC ~ 16.8 14.6 31.4 22,0 22,3 44,3
Total 44.6 40,3 84.9 61.8

62.4 124,2
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 carbon as straw and compost during incubation of 20

118.9

Soil pH 6.2 Soil pH 7.2 Total

Ry Rpp Total Ry Ry Total Ry Ry, Total
2.4 3.2 5.6 5.1 4.6 9.7 13.80 13.9 27.7
23,4 22,8 46.2 23.4 24.3 41.7 88.7 89.6 178.3
17.0 17.6 34.6 21.2 21.6 42,8 69,0 68,3 137.,3
42,8 43.6  86.4 49.7 50.5 100.2 171.5 171.8 343.3
3.4 4.2 #.6, 3.8 3.7 7.5 13.7 12.4  26.1
9.8 T.T 175 T.1 7.0 141 29.8 27.4 57.2
&4 3.0  T.4 7.4 AT 121 19,8 15.5 35.3
17.6 14.9 32.5 18,3 15.4 33,7 63.3 55.3 118.6
5.8 7.4 13,2 8.9 8.3 1T7.2 27.5 26.3 53,8
33.2 30.5 63.7 30.5 31.3 61.8 118.5 117.0 235.5

- 21.4 20,6 42,0 28,6 26,3 54.9 88,8 83.8 172.6
60.4 58.5 68,0 65.9 135.9 234.8 22T.1 46L.9
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Table 13. Statlstical analysis of 47 days incubation.
1%A

Treatments
Average percentage recovery
Straw 23.93
Compost - 9437

General mean = 16,65
$.E. = 0,375
CeD, at 5% = 0,6569
Statistical interpretation at level
straw compost

Moisture

Average peréentage recovery

Waterlogged 6.81
50% WHC 24,86
20¢t WHC 18.28

General mean 16,65
S'E. = 0.3890
c.D. a—t 5% = 0.@48

Statistical interpretation at 2@ level
50% WHC  20% WHC waterlocged



T

1 pH
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Average percentage recovery under different pH

pH 4.5 11,18
" 5.2 16.98
" 6.2 18,63
"7.2  19.82

General mean 16,65

Sn he = 0:4491
C.De at 5% = 0,9292

Statist 1 terpretation at 5%
pH 7,2 pH 6,2 pH 5.2 pH 4,5

Treatnent —

Hoisture ‘St:aw 00§post
Waterlogéa& o T.TT50 58375
507 WHC | 36,8300 12,9000
2075 VHC 27,1900 9.3625
Average 23,9717 9.3667
S.5. = 0,5500 0.D. at 5% = 11380

Statistical interpretation at 57 level

Sw50f _$5=20% G50/ GC=20% S-WL CVL

Interactions of treatment ang-maaiture.

Average

6.8063
24,8650
18,2763
16,6492



Interaction between Treatment and Soil pH

Soil pH —
4.5 5.2 6.2 T.2 Average

Trﬁgtment _ '
Straw 15,6500 25.4800 25.5333 29.0500 23,9283
Compost 6.7000 8.4667 11.7200 10.5833 9,3675

Average 11,1750 11.9734 18,6267 19,8167 16,6480

S.E. = 0.6351

C.D. at 5 = 1.3140

Statistical interpretation at 5% level

§=7 826 _8~5 S-4 0=6__0~7 0=5 GC=t

138 .
Interaction between soil pH and moisture

Soll pH —

oiature 4.5 542 6.2 7.2  Average
Waterlogged: 5.8000 6.3000 7.1000 8.0250 6.8063
507 WHC 15.0000 26,7750 28.6500 29,0250 24.8625
207 WHG 12,7250 17,8500 20,1250 22,4000 18,2750
Average 11,1750 16,9750 18,6250 19,8167 16.6479
S.E. = 0.7778 C.D. at 5 = 1.6093

Statistical interpretation at 54 level
p7=50% p6-50% p5-50% pI=20% p6=-20% p5=20% p4-50%
p4=20% pT=WL P6=WL p5-WL p4-WL |
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 Zable 13- Part II. ,Pgrcegtggenreéovgry of 2dded carbon

28°%C in S1lwood soil of different pH.

Soil pH 4.5 S04l pH 5.2
Ry Ryy Total R Ry Total
Molsture , : |
Waterlogged 6.2 7.5 13.7 7.1 T3 14.4
| Moigture ,
STRAVW
» Moisture : .
20¢ WHC 18.4 17.4 35.8 28,6 26.8 655.4
. Total 48,3 45.6 93,9 77.0 75.9 152.9
Noisture , '
‘Waterlogged 5.3 4.2 9.5 4.8 6.0 10.8
Moisture | ' ‘
| 507 WHC 8.1 7.5 15.6 10.5 13,5 24,0
COMPOST
Moisture ' :
20% WHC 7.6 7.5 15.1 8.4 7.6 16.0
Total 21.0 19.2 40.2 23,7 27.1 50.8
Moisture .
Waterlogged 11.5 11.7 ,23.2 11.9 13.3 25.2
‘Moisture
50% WHO 31.8 28.2 60.0 51.8 - 55,3 107.1
TOTAL ‘
Moisture :
204 WHC 26,0 24.9 50.9 37.0 34.4 Tl.4
. Total 134.1 0.7 103.0 2037

69.3

64.8
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a8 _straw and compoet during incubation of 47 dsys at

Soil pH 6.2

Soil pH .2

Totai

B

Ryy

Total

By

RII Total RI Bry Total

6.3 T3

' 4'0-5 4063

30.6‘ 27.7

17.4

75.8 153.2

1%3.6 10,7

8l.3 42.5

35.1
88.3

5843

9.8 20,5 30.3 31.9 62,2
43,3 85.8 148.0 146.6 294.6

32,9
86.0

68,0 112.7 104.8 217,5
174.3 291.0 28505 57463

e e vt

6.9
16.2 17.1

11.6
36.6

10.6
33.7

Te9

14.8 5.5

33.3 14.4

22,2
70.3

12,1
32,0

6.1
15.9 30.3 49.2 54,0 103.2

21.6 38,7 36.2 74.9
63,5 110.4 114.4 224.8

9.5
31.5

11.6 22,5 24.2 46,7

13.2 15.2

56.7 57.9

41.2 39.3
111.1 112.4

28.4 16.2

114.6 . 56.9

80.5 47.2
223,5 120.3

15,9 32,1 52,8 56,1 108,9

59.2 116.1 197.2 200.6 3?7‘8

42,4 89.6 151.4 141.0 292.4

117.5 237»8 4plt4 39707 799.1 -
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Table 14. Siatlstlical analysis of 118 days of incubation.
Treatments

Average percentage recovery.

Straw | 30.97
Conpost 12.91
General mean 21,94

S.E, = 0.4519
¢.D, at 9% = 0,9350

Statistical interpretation at Eﬁ

straw = compost
148
| Moisture

Average pércentage recovery

Waterlogged 10,10
50% WHC 32,84
20% WHC 22,88
General mean 21,94

3 QEO = G¢5535
C.De at 55 = 1,15
Statistical 1nterpretation at 55 level

29% 'gﬁ [ waterlogged
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3 o

Soil QE |
Average percentage recovery under different pH
pH 4.5 1A
" 5.2 22,21
"6.2 . 24,33
" 7.2 0 2T.11
General mean 29.25

S.E. = 0.63%90
C. D. at 5?0 = l 3221
Statistical inter reta ion at level

- pH 7.2 pE6.2 pE 5.2 - pH 4.5

) " SeE. = 007826
Statistical interpretation at 5 level -

14D |
Interactiona ef treatment and meisture.
Treatment——+ | o
Straw Gompast Average
_ Moisture , . : _
Waterlogged © 11,8900 8.3125 10,1013
50% WHC | 47.6125 18,0625 32,8375
204 WHC 33.4000 12,3500 22,8750
Average 30,9675 12,9083 21, 9379‘

C. D. at 5% level = 1,62

$=50% S=20% C=50% Cw20%

S=~WL CeWL -
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14E . :
Interactions between treatment and sgoil pH

Soil pH— : '
405 5.2 6.2 7¢2 Average

Tri?tment
Straw 19,7167 32,5667 32,5167 39.0667 30,9667
Conmpost 8,5000 11,8500 16.1333 15.1500 12,9083
Average 14.1084 22,2084 24.3%250 27.1084 21.9375

Belle = 0'9037
C.D. a% 3% = 1.87
Statistical interpretation at level

S8-7 8=5_ S-6 S=4 (06 __CT Cz3 (04

14F
Interactions between soll pH and moisture

Soil pH — o |
4.5 5.2 = 6.2 7.2 Average

M?Esture
Waterlogged 7.3000 9,0000 11,1250 12,9750 10,1000
50% WHC 19,7000 34,9000 36,7000 40.0500 32,8375
20% WHC 15.3250 22,7250 25,1500 28,3000 22.8750
Average 14.1083 22,2083 24,3250 27.1083 21.9375
S.E. = 1,11 C.D, at 5% = 2.29

Statistical interpretation at 5 level

p[=507 p6=50% p5-50} pI-20% p6=20% p5=20% pA~50%
Pp4=20% pI=WL p6-WL p5-WL p4-VL




93.

Table l4-Part II.
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Table 14~Part II. ZPercentage recovery of added carbom

28°C in Silwood soil of different pH.

4.5 Soil pH 5.2

Soil pH
Rl RZ Total Rl R2 Total
%oisfure
Waterlogged 8.4 9.2 17.6 11.0 9.6 20.6
Moisture . :
505 WHC 29.1 27.8 56,9 51.5 53.5 105.0
STRAW ‘
Moisture -
804 WHG 21.5 22,3 43,8 35.4 34.4 69.8
Total 59.0 59,3 118.3 97.9 97.5 195.4
- Hoisture ;
Waterlogged 6.1 5 5 11.6 TT T.7 15.4
Mozsture
50% WHC 11.8 10,1 21,9 13.9 20.7 3%4.6
COMPOST , ’
Moisture
- 8O WHC 9.4 8.1 17.5 1l1l.7 9.4 21.1
Total 27.3%3 23.7 51.0 33.3 37.8 T1l.1
Holsture
Waterlogged %.5 14-7 2902 18.7 170‘5 36-0
Koisture
50% WHC 40.9 37.9 78.8 65.4 T4.2 139.6
TOTAL .
Molisture
Total 86.3 83.0 169.3 131.2 135.3 266.5




as gt;gﬂ,ang compost during incubation of 118 dgxs'ag

Soil pH 6,2 Soil pH 7.2 Total

B, B, Total B R, Total R, R, Total

11.9 12,8 24,7 15.8 16.4 32.2 47.1 48,0 95.1
50.2 49.6 99.8 59.0 60,2 119.2 189,8 191.1 380.9

36,3 343 0.6 43.4 39.6 83.0 136.6 130.6 267.2
198.4 96,7 195.1 118.2 116.2 234.4 373.5 369.7 743.2

11.3 ‘fs.s' 19.8 9.6 10.1 19,7 734.7 31.8 66.5
23,3 23,7 47.0 19.6 21.4 41,0 68,6 '75.9 144.5

14,1 15.9 30.0 16.7 13,5 30.2 51.9 46.9 98.8
48,7 48,1 96.8 45.9 45,0 90.9 155.2 154.6 309.8

23,2 21.3 44.5 25.4 26,5 51.9 B1.8 79.8 161.6
73.5 73.3 146.8 78.6 81.6 160.2 258,4 267.0 525.4

50.4 50,2 100,6 60.1 53.1 113.2 188.5 177.5 366.0
146.1 144.8 291.9 164,1 161.2 325,3 527.7 524.3X053.0
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- CHAPTER IV

Effect of treating a soil, a4 three pH ie#els, with straw
and different composts on nutrient uptake by ryegrass in
pot tests.

Introduction
Experimental
Results |
Discussion

Summary and Conclusions.
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- In view of the fact that little critical work
appesrs to have been done comparing the effects of straw
nné composted straw on nutrient uptake by crops, it wﬁa :
decided to carrj out a study along these lines,
Becauserf the inportance of soil pH on nutrient
metabolism the experimént was started in a soil adjusted
to four different pH values. ‘Howéver, because of the
very poor gernination and growth of ryegrass at the
lowest pH value (4.5) these pots were eliminated and the
‘experiment ﬁas continued only with the soils of highér‘

" pE (5.2, 6.2 and 7.2). |

Materials and Methods.

The 2 mm, sieved Silwood soil which had beén adjusted -
to different pH levels as described in Chapter II was
used. The straw and composts used have also beegr
| desgeribed in Chapter II.

The experiment was done in plastic pote having a
capacity.of 500g. soil, The holes in the bottom of the
pots were covered with glass. cloiﬁg The finely ground

ptraw and composts (see table on.the next page) were
mixed with the air-dried soil at the rate of m% (5g. per
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pot) and the mixture placed in'the pot and tamped down.
Summarz of Trestments

Treatmenta o -Rate Key
Control - — | ¢
‘Fresh straw + KNO, 1$ + 25mgN | FS
Blood Compost | 1% BD
Poor Compost | 1% | - PC -
Nitrochalk Compost 1% ~ NC
Sludge Compost % . s@

" Grass Compost "‘ 1% o - - GG
KNO.5 | . 25mgN RN

For each pH there was an ap?repriate control and also &
- po% receiving potassium nitrate with nitrogen in amonnt |
equal to that added in the straw, Thie amount of
- potassium nitrate was also added to the straw~treated

i pota.“ This was done since previons tests had shown that |
growth of ryegrass in straw~treated soil in the absence |
of extra nitrogen was so poor that there was hardly any
‘material available for outting analysis. This treatment
appears tO*be dﬁstified éince in prdéticénone would not \
add straw to a soil without adding extra nitrogen to
compenaate for the initial immobilization which takea

- place.,
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All treatments were done in‘duplicate. The pots
were placed on the greenhouse bench in a random fashion.
Each pot was sown with 0,25g perennial ryegrass
seed placed about 4 in. below the surface. Watering was

done with distilled water alternately from the top and
from the bottom through the saucer on which each pot
rested. The potassium nitrate treatments were given in
solution. Half of the total dose was given after
emergence and the other half efter the second cutting.

The sowing date was 10th May, 1961. The first
cutting was made after 77 days, the second cutting after
another 73 days, and the third cutting after another 105
days. ,

The material from each cutting was dried in a forced-
air oven in aluminium trays at 55-60°C, weighed, ground
to a fine powder in a Christie and Nyrris mill, and
stored in specimen tubes until analysis.

At the end of the experiment the root balliwae
placed on & sieve and the soil washed away with running
water. The roots were then washed with water + stergene,
rinsed with water and dried and ground as with the tops.

The ground plant material was analysed for total .

nitrogen, phosphorus, potassium and magnesium as



99,

described in Chapter II.



Results; ‘

Tabulated results obtained are summarized below.

The dry matter yields of each cutting and roots are
shownt .

In Table 15 for soil of pH 5.2

In Table 16 for soil of pH 6.2

In Table 17 for soil of pH 7.2.

Por the three pH levels and for the three cuttings
and roots the percentage nutrient in the plant material
is shownt

‘In Table 1T7A forAnitrogen

vIﬁ Table 17B for phosphorue

In Table 1TC for potassiun

In Table 17D for magnesium. |

The total uptake (i,e. dry matter x nutrient per-
centage) for each of the three cuttings and roots is
showns :
In Tables 18, 19 and 20 for nitrogen for p 5.2,
6.2 and 7.2 respectively. |
In Tables 21, 22 and 23 for phosphorus for pH 5.2,
6.2 and 7.2 respectively, |
In Tables 24, 25 and 26 for potassium for P 5.2,
6.2 and 7.2 respectively. |
In Tables 27, 28 and 29 for magnesium for pH 5.2y
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6.2 and 7.2 respectively.

The dry matter yields‘at each gf the three pH levels
is showns ﬁ | | -

In Teble 47 for the combined tops

In Table 48 for the roots

In Table 49»for the combined tops + roots,

Eor each cf the three pH 1evels the total nntrient
uptake by the oombined tops + roots is shomm:

In Table 50 for nitrogen

In Table 51 for phosphorus

In Table 52 for potassium

‘In Table 53 for magnesiun, |

The cumulative uptake of nutrients at each cutting
is shown in Tables 30, 31 and 32 for pH 5.2, 6.2 and 7.2
respectively, Since these results can be followed more
easlly from a diagran, eumnlative‘ﬁptake values are also :
shown in Pigures 7 %o 10. |

Dry Matter yields of tops (Table 47).

The combined dry.matter yields of tops averageé over
the 3 pH levels decreamsed in the ordert
KN 86 BD SG N¢__FS C 2C

A——

(Treatments over a common line are not significantly

different from each other but are significantly different



PLATE 2,
Perennisl ryegrass growing in Silwood soii of pH 5.2,
6.2, 7.2 treated with straw and five composts at 1%
level of each. | |
‘Pho’cograph' was taken before the lst 'cutting when the
plants were 77 days old from the date of sowing. |
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at P = 0,05 from treatmeﬁts over other lines).

The average dry matter yeilds of tops of all
treatments was sighificantly greater at pH 7.2 than at
d 6.2 and 5.2; there was no significant difference
between the latter two pH levels, |

For the individual treatments differences in top
dry matter yieids due to pH are as followss

C pH 7.2 PH 5.2 pH 6.2

FS  pH 6,2  pH T.2 pH 5.2

BD pH 7.2 pH 6,2 pH 5.2
PC pH 5,2 PH 7.2 pH 6.2

BC pH 7,2  pH 5,2 PH 6,2
S¢  pH 7.2 pH 6.2 pH 5.2

G6  pH 7.2  pH 6.2 tH 5.2

KN PH 7.2 pH 5.2 pH 6.2
It 1s seen that there is no significant difference

due to pH with the fresh straw + KEOB, and the grass
conpost treatments. With the other treatments including
the control yields at pH 7.2 were usually higher than
thos: a2t the lower pH levels.,

The decreasing order of ylelds due to treatment at

each pH level is shown on the next page.



PLATE 3A.
Comparative growth of péfenﬁial ryegrass grown in
Silwood soil of 3 pH levels in the treatments of.
% control (C), straw (FS—I%) and blood compost (BD~1%)
is shown. | o |
Photograph was taken before the 1st cutting when the

plants were 77 dasys old.






GG __SG _BD NC FS PC ¢

-]

PH 5.2 KN

pH 6,2 - KN G&_S& BD FS NG C  2C

pH 7.2 KI_BD S¢ 66 NC g FS EC

Thus‘KﬂOB gave the higheet\yields at all pH levels.
The grass, sludge and blood composts were next in order
of effectiveness. Fresh straw + EKNOy was more effective
than the control at pH 6.2, | The poor compost produced
lower dry matber yields than did the control at pH 6.2
and 7.2, | | -

Dry matter zgelds of roots. (Table 48).

The dry matter yields ofrots for the different
treatments averaged over the three pH levels decreased in

the ordéra

KI FS__G8 SG_BD_ HC C EC

As with ﬁhé tops, highest)root yields were also
obtained with the KN03 treatment. The méin différenac
from the results with tops wes that the fresh straw +
KNO3 treatment produced relatively high root yielda com-“
pared with moast of the other treatments.

For the individuaW treatments the differences in

root dry matter ylelds due to pH are as follows: ‘,



| PIATE %B.
Comparative srowth of perennial ryégrass grown in
'Silwood .80il of 3 pH le_avels in the treatments poor
cbmpost“(‘cs-l%)‘nitrochalk compost (NC-1%) and sludge
éémpost A(SG-I%).‘ 1s showon . |
Friotograph was Atéken before the 1lst cuttinguwhen‘ the
plants we:ée 77 days old. |
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FS  pE5.2  pH 6.2 pH 1.2
B0 pE 7.2 pH6,2  pE5.2
¢ PG pH 8,2 : H 7.2  pH 6.2

SO sE7.2 gE6.2  pEE.2
s¢  pE .2 pH 6.2 E 5.2
6¢  pHY.2 _pE 6.2 pH 5,2
E¥  pH 6,2 ﬂ72 . pnszf K
_ Only with the straw +'KN03 treatment was there no

‘significant differenee in root ylelds ﬂue to pH. With
1the other treatments root yields were usually higher st
p& T.2 than at pH 6.2 and 5.2. The KHO3 treatment gmvo
the highest yields at pH 5.2. The average dry matier
* yields of Toots of all trestuents ot pH 7.2 and 6.2 was
Bignifidantlyvgreater‘than that at. pH 5.2.. But there
was no significaht differenca\of‘robt yield at the |
higher two pH levels. A | | ,

The decreasing order of root yields due to treatment
at each pH level is shown over the page.



| PLATE 3C. |
Comparative growth of p‘erennialﬁ ryegrass grown in
Silwood soil of 3 pH levels in the treatments - grass
compost V(GG-‘-].%) énd potassium nitrate (KN—-IOO lbs.
N/é.crej. s shewon . .
Photograph wes taken when the plénts viere 77 days old
from the date of sowing (before 1lst cutting).
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pH 5.2 KN PFS GG SG PC C NC BD

ol 6.2 Ki 63 PFS BD SG K§¢ ¢ __PC
pH 7.2 KN G¢_SG _FS BD NC C PC

Ag with the tops the KNO3 treatment again gave the
highest root yields at all pH levels. Straw + KN03
became less effective with increasing pH. Root yitlds
with the poor compost werzs not significantly different from
the controls.

Top/root total dry matter ratios. (Table 48A).

Total dry matter tops and roots and the ratios of
the twe for all treatments af each of the three pH
levels are shown in Table 48A.

Vhen the results of all treatmegxs awe averaged
the top/root ratio incremsed in the order pH 6.2, pH 7.2,
pi 5.2, VWhen the individual tikeatments are considered
pH had the greatest effect on top/root ratio with the
blood compost treatment, with the 1owes£ ratio occurring
at pH 6,2, The control anﬂ.KN03 treatments also showed
fair differences in top/root ratio .due to pH with the
highest ratio occurring at pH 6.2 with the control and
the lowest at PH 6.2 with the KEO3.treatments. Other
~ treatnenis showed lower variations in tog/root ratio due
to pH, with the lowest ratioc usually occcuming at pH 6,2



| PLATE 4.
Growth of perennial ryegraés grown in Silwood éoil‘ of
3 .pH level‘s in the treatment‘é of straw and comﬁosts at
1% level, 1= 5’“*@& ' |
Fhotograph was teken before the 3rd cutting when the
plents were 105 days old after the 2nd cutting. |
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The effects of‘treatménts averaged over the thréej-
pH 1eve1§ showg ‘that the sﬁiaw + KI‘IO3 gave the lowest
and the KNO3 treatments the next lowest ‘top/root ratio.
There were no great differences in top/root ratio between
‘the other treztments. VWhen the three pH levels are
Qconsidered separately the top/root ratio showed & wider
Eange at pH 5.2 than at the two higher PH levels., This
‘was due to the Yow top/root ratio with the straw + KNO,
and the high ratio with the blood compost treatment at
this pH. The main differences due to traatmenta and pH
were (a) the highest tog/root ratio in the control at
»pﬂ 6.2 and with the blood compost treatment at pH 5 2
and 7.2, and (b) the lowest ratio occurred with the
straw + KHO3 treatment at all pH levels.

Dry matter yields of tops + roots (total dr matte:‘
yields). (Table 49).

Total dry matter ylelds for thé different‘freatmenta '
averaged over the three pH levels decreased in the
arder:

“KN G sSg__BD FS NC. C ZXC

The order was similar to that for the top yilelds.
For the individual treatments the differences in
total dry matter ylelds due to pH are as follows:
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v H 7.2 BE 5.2  pH 6.2

FS  pE 6,2 pH 7.2 pH 5.2
BD  pH 1.2 pH 6.2 pH 5.2
PC  pH 5.2 pH 7.2  pH 6.2
NC H 7.2 pH 5.2  pH 6.2

S6 pH 7.2 pH 6.2  pH 5.2
6¢ pHT.2  pE 6.2  pHS5.2

KN pH6.2 pHT.2  pE 5.2

There were no significant differences in total

Yields due io PH with the KK’O3 and straw + KHO3 treat-
ments. With the other itreatments total yields were
usually higher at pH 7.2 than at the two lower pH levels.
The average dry matter yield of combined tops and roois
of all treatments at pH 7.2 was significantly greater
than that at pH 6.2 and 5.2. The combined yields between pH
6.2 and pH 5.2 were not significantly different.
The decreasing order of total dry matter yields due
to treatmant at each pH level is shown below:
PH 5.2 KN G6_PFS SG BD NC ©PC O

PH 6.2 KN GG BD PSS SG¢ NC __C PC

4

BD_ GG _SG_NHC Fs C ZXC
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Again KNO; gave the highest ylelds at all pH levels.
The blood compost treatment was ineressingly more
effective and the straw + KNO, treatment increasingly
less effective with increasing pH.‘ The poor compost
produced lower yields than the contnol at pH 7.2.

Cunulative nitrogen uptake in tops. (Pig. 7).
The main point to note with respect to the different

pH levels 1s that at pH 5.2 the KK03 treatment produced
the highest cumulative nitrogen uptake at all cuttings,
whilst ét rH 6.2 and 7.2 although this treatment produced
the highest nitrogen uptake at the first and second

- cuttings, by the third cutting it had been exceeded by
the sludge compost at pHAﬁté and by the blood compasﬁ at
pH 7.2. Another effect due to pH difference was that
whereas nitrogen uptake by the tobs at pH 5.2 was little
different at all cuttings between the control and the
poor compost itreatment, at the»two higher pH leﬁels the
poor compost preducéd less nitrogen uptake at all
.éuttings than did the control. The other important
effect was that the nitrogen uptake due fo the fresh
strew + KNO, ireaiment paralleled that of the other
treatments at pH 5.2 and 7.2, but at pH 6.2 the uptake
by the final cutting was much greater comﬁare& with those



&

(-

UPTAKE of ™MiTROQEN C_"”q 65 ¥ PV Pk ) ——
EN

o

159 g \sktand
.'Lr\J- Bavche

o O W O

SoiL PH 6.2

Sy \st 4 \ o
2 Fl-:_'l.-—«.{

st 1ot Znd

*
~QUTTiwgg .___?,. -

st
Zn:

E‘%s‘g Sol. P 5.9

& ProsehnTe C(™M§ of R o5/poyr) —>
P - = - = P o
X)) ° w > S - 0 S

(L]

UPTAKE ©
]

©

A\
[~

—
Ist+
ANY

N -
\st lshxzﬂp
Svd

CUT T WG E—>

Sow PW G

st (e WwEimp
X% +
vd.
—CUTTINQS .

SO\ R "i-'L,

¥
\st
VT I —

v 3
st (1%
MY ¢ H—» ~)

b



109,

during earlier cuttings than with the other t¥eatments.

Total uptake of nitrogen,
The total uptake of nitrogen (i,e, by the three

cuttings + roots) averaged over the three pH levels

decreased in the order:
| KN - @& _BD SG& FS NC C_ BQ

For the individuel treatments the differences in
xofal nitrogen uptéke due to pH are as follows:

c H 5,2 H7.2  pH6.2
P pH62  pE5.2 P72
BD  pET.2 pE6.2  pH 5.2
B¢ pE 5.2 pH 7.2  pH 6.2
NC  pH 7.2  pH 6.2  pH 5.2
86 PH 7.2 pH 6.2 pH 5.2

e 6,2 . pH 7.2 H 5,0
KN  pE 5,2 pH 7.2  pH 6.2

It is'aean that there were no significant differences
in total nitrogen uptake due to pH with the control,
~grass compost and nitrochalk compost treatments,

Results with the other treatments were variable in‘that
no one pH value was particularly suitable for optimum
nitrégen uptake, Averaging all the treatmenté showed
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that nitrogen uptake was significantly higher}atlpﬁ T.2
than at pi 6.2, but was not significantly different from
'pH 5.2, Also there was no significant difference in
uptake between pH 6,2 and PH 5.2, ' '

N The decreasing order of total nitrogen uptake due
to treatment at each pH level is shown below:

pH5.,2 KN G& FS SG¢ NC BD PC C

pH6.2 KN G FS S¢ BD NG C  PC

A

pH 7.2 EN _BD SG G& NC FS G 20

It is seen that KNO, was the most effective treatment

a£ all pH levels., Grass compost ¢nd straw + KNO3 were

s oomparatively more effective at pH 5.2 and 6 2 than at

‘"1 PH 7.2, The blood compost increased in comparative
effestiveness with increasing pH. | ‘

Cumulative ghosgharus uptalmin tops. (Pig. 8 'R

The main points to note with regard to differencea

due to pH in total phosphorus uptake by the three cuttinga L

~ are (a) the KNO3 treatment caused the greatest P uptake -
" 4n all cuttings only at ka5.2.wi At the two higher pH
levels 1t was aboux'asieftectiﬁe as the blood and sludge

’compogt treatments, (v) a2t pH 5.2 and 7.2 the straw +VKK03
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caused reduced uptake of phosphorus in comparison with
the‘control; ~this reduction became more apparent with
increased number of cuttings, (e¢) the poor compost caused
reduced phosphorus uptake at all pH levels; <the extent
§f this reduction alsgo increased with number of cuttings,.
(d) there was little tendency for uptakes due to treat-
ment to aiter with number of cuttings; the only tendency
for any such chégga was for the blood compost and straw
+ KNO3 treatment at pH 6.2 and for grass compost at pH
5e24

Total uptake of phosphorug.
The total uptake of phosphorus (i.e. by the three

cuttings + roots) averaged over the three pH levels

decreased in the order:
KN S¢ G& BD KRG c_Fs ZXC

The KHO3 and sludge compost treatments resulted in

the greatest upfake of phesphorus, whilst the poor com—v
post treatment reduced phosphorus uptake in comparison
with the control.

For the individual trestments the differences in

total phosphorus uptake due to pH were as follows:
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5 pH 6,2 pH 5.2  pHT.2
PC .  pE.5.2 . - pH 7.2 pH 6.2
Ne pi 5.2 _ pH 7.2 pH 6.2
i H 5.2 PH 6.2 pH 7.2
KN  pHS5.2  pH 6.2  pHT.2

~It is“seen'ﬁhat ﬁhere wére‘no'signifieant differences

" in total phosphorusvuptake due to pH with the sludge

‘ccmpbst andAgrasS'éomyost treatments, With the other

,tréatménts tofal phosphorus uptake was ususlly higher at

| pH‘S“Q'ﬁhan)at thé<othar two. pH levels. Vhen uptake was

| averaged for all the treatments 1t wos pignificantly

| greater at yH 5,2 than at the two other pH levels and

B ﬁhere wasg no sivnific&nt differenoe in uptake between

: pH 6.2 and. 7.2. . ‘ , ,
The deoreasmb order of total phosphorus uptake due

to treatment at each pH level is shown belowt -

pESZ CEE__SG 8¢ C BD XN¢ PS PG

Wi

pH 6.2 EN_SG_ GG BD FS__NKG O 2g

PH 7.2 SG@ - BD KN 66 NC ¢ ES - PC
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It is seen that at pH 5,2 KHO3 and the sludge
compost treatments caused the greatest uptake of phosphorus,
At the two higher pH levels these two treatnents were mo
more effective than the bPlood compost and grass compost
treatments, The poor compost caused reduced‘uptake of
‘?bhosphorus, in comparison with the control, at all pH

levels,

OSumulative potagsium uptake in tops. (Fig. 9).

Since notassitin Wasladded ag nitrate in the KN03 and
straw + KNO3 treatments the potassium uptekes due to these
treatments cannot striectly be compsared with the other
trgatments. However the relative uptake due to treat-
ment with number of cuttings is of interest, particulérly
with regarad to'the(atraw + KN03 treatment; at pH 5.2
upteke paralleled that of the other treatments whilst at
pH 6,2 and 7.2 the ﬁptake of potassium due to the straw
+ KLNO3 treatment resulted in a proportionately greater
uptake of potassium with increasing number of cuttings.
Unlike nitfogen and phosphorus upteke there was little
tendency fof any of the treatments to reduce potassium
uptake at any of the cuttings injcomparison with fhe COn=
trol.

Total uptake of potassium,
The total uptake of potassium (l.e. by the three
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cutfinga + roots) éveraged over the three pH levels
decreased in the.ofaer: |
RN P G 5S¢ BD HC R C
Ignoring the treatments where KNO; was applied it is
seen that the gtass compost resulted in the highest uptake
of potassium. | ‘
For the individual treatments the differences in
total potassium uptake due to pH are as follows*
C . pij3.2 PH 7.2 pH 6,2
Ps  pH 5.2 pH 6.2 pH 7.2
BD rH 5.2 TH 7.2 pH 6.2

e pH 5.2 pH 7.2 pH 6.2

NC  pH 5.2  pH .2  pH 6.2
S¢  pH 5.2  pH 7.2 pH 6,2
6¢  pH5.2  pET.2 _ pH 6.2
RN H 5.2 H 6,2 H 7,2

With every treatment, including the control,

- total potassium upﬁakeiwas greater at pH 5.2 than at the
two other pH levels. There were no-significant
differences in ‘total uptake with eny of the treetments

- between pH 6.2 and pH 7.2, Vhen uptake was averaged for
all tréaiments that at pH 5.2 was significantly higher than
those at pH 6.2 and 7.2, with no significant difference |
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in upteke between the two latter pH levels.

The Gecreasing order of total potassium uptake due

to treatment at each PH level is ihown below:

pH 5.2 KN ¥ G SG_BD NC P ¢
pH 6.2 KN GG 56 __BD HC PG C

R
(e}

pH 7.2 KN FS BD 8G NG PC

"1t is seen that there are no important differences

in the order of the treatment effects due %o pH.

Cumulative mggnesium uptake in the top. (Pig. 10).
The main points to be noted with regard to differences

due to pH in total megnesium uptake ore {a) the poor
compost caused reduced magnesium uptake, in comparison
with the control. by the an‘aud final cutting at pH 5.2,
in all the three cuttings at pH 6.2 and in the 1st outiing
only at pH 7.2, (b) the atraw +‘KN03 treatment caused
,redueed magnesium uptake in comparison with the control
in the 1st cutting at pH 6.2 and 7.2 but exceeded that of
the control by the 2nd and final cutting at pd 6.2 and
remained lower than control in 2ll) the cuttings 2t pH 7.2,
(e) at ﬁH 5.2 and 7.2 the sludge compost treatment caused
a comparatively much greater uptake of mognesium by the

final cutting than in earlier cuttings compared with the
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other treatments.

Total uptake of magnesium,
'The total uptake of magnesium (i.e. by the three

cuttings + roots) averaged over the three pH levels
decreased in the ordert

BD SG_NC KN GG ©FS_EC G

Ah—

For individual treatments the differences in total
magnesium uptake due to pH are as follows:
¢ H7.2 . pHS5,2 tH 6.2

'¥S  pE7.2  pH6.2  pE5.2
BD  pHT.2 pH6.2 _ pHS.2
P pH7.2 pES5.2  pH 6.2

W pH 7.2 ~ ©H 6.2 Eg_ﬁ;g
S¢  pH 7.2 6.2 pH 5.2
66 pE7.2  oH 6,2 pES5.2
KN pE 6.2 pHT.2  pH 5.2

The stiraw +7KN03 treatment was the only one whére

total magnesium uptake ﬁas not signifieantiyldifferent

due to pH. With all the other treatments except KHOs
- uptake was highest at pH T.2, the differences being
significant either from pH 5.2 or 6.2. - VWhen magnesium
uptake wag averagéd Tor all treatments that at pH 7.2

wes significantly higher than that at pH 6.2“ﬁh19h in turn
was gignificantly higher than that at pH 5.2
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The decreasing order of total mognesium uptake due

to treatment 2t each ovH level is shown below:

P 5.2 S¢ _BD FS NG GG KN C EC
pH 6.2 KE _SG¢ NC BD 6& FS G PC
oH 7.2 BD SG_ NG KN @G IC FS__C

It is seen that the order of effectivenessvof the
treatments varied somewhat due to pH; KN03 was one of
the most effective treatmentis in 1ncreasinb magnesium
uptake only at pH 6.2; +the blood compost was significantly
more effective than the other treatments eanly at pH 7.23
the straw + KKO? treatment became less effective,

relative to the control, with increasing pH.

Recovery of applied nutrients by fzegtasa; (Table (54).
The peroentage recofery of‘nitrogen, phosphorus,
potassium and magnesiun by the ryegrass tops and roots
from the various tregtments‘at the three pH levels is
shown in Table 54. These values were obtained by
subtracting the total uptake of the particular nutrient
from the control from the uptake from the treated soil and
expressing this as a percentage of the total amount of
nutriﬁnt applisd. A gsgafivé~value for a particular
treatment indicates that not only was none of the applied
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nutrient tsken up by the ryegrass, but that the
treatment reduced the availability of the nutrient
originally present in the soil, or in other words,

immobilized some of the native soil nutrient.

Recovery of applied nitrogen.
When the results of all treatmentslwerQaveraged

the‘reboyery of applied nitrogen differed little with
pH, renging from 21.2% to 24.4%. When the individual
treatments are oohaidered, however, there were often
congiderable differences in nitrpgen redovery due to pH,
The straw + KKO3 treatment showed maximum recovery at .
pH 6.2, The blood, nitrochalk, sludge and grass compostis
all showed increasing recovery of appliedrnitrogen with
pH, particﬁlarly'from pH 5.2 to pH 6.2. The poor com-
post showed only slight recovery at pH 5.2 and caused
immobilization of native goil nitrogen at the two higher
pH 1evela, as Shown by the negative recovery valuea;
The KN03 treatmnnt showed the greakest recoveries of
applied nitrogen, ranging around 100%, At pH 5.2 and
7.2 the greater than 1007 recoveries obtained indicate
that the KKO3 treatment stimulated the uptake of native
nitrogen.. ,

The effects &f treatmentis averaged over thevthreo
PH levels indicatés that the nitrogen 1n,KN03 was used
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most efficiently, i.e.,, it was completely used., The
nitrogen in poorveompost was apparently not utilized at
all and this treatment actually resulted in immobilization
of some of the soil nitrogen., The nitrogen in the other
treatments was utilized to about the same extent, ranging
from 10.8% to 14.8%. However, at the different pH

levels the nitrogen in the straw + KNO, treatment was |
utilized much more effectively at pH 6.2 and somewhat

more effectively at pH 5.2 than was the nitrogen in the
composts, whilst the reverse was the case at pH T.2.

The extent to which the stmaw immobilized nitrogen
during cropping can be dotermined by subtracting |
nitrogen recovery with the KNO3 treatment from that with
the straw + KN03 treatment. At pH 5.2 and pH 7.2 all
the applied nitrate nitrogen was immobilized by the straw,
whilst at pH 6.2 only 61% of the applied nitrate nitrogen
wag inmobilized. |

Rewovery of applied phosphorug,
When the results of all treatments were averaged the

recovery of applied phosphorus was 2l1.47at pH 6.2, =~6,07
at pH 7.2, and -12.27at pH 5.2, indicating some
immobilization of native phosphorus at the two latter pH

values, When the individual treatments are considered
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there were usunlly congiderablevdifferénces in phos-
Phoruc recovery duwe to pH. The greatest difference
occurred with the straw + KH03 treatment, where there
was 38,87 recovery a2t pH 6.2 and considerable immobilig-
ation of native phosphorus at pH 5.2 and 7.2, The
blood compost treatment also showed similar differences
in magnitude of phosphorus recovery due to pH, with
immobilization occurring only at pH 5.2. The sludge
and gracs composts showed positive recoveries of phos-
phorus at all pH levels; with the maximum recovery in
cach cese being at oH 6.2. The negative values obtained
with thg pobr compost treatment ot 21l pH levels indicated
a fair extent of 1mm0bi1ization.of'native phoéphorus.

The effects of treatments averaged over the three
pH levels showed that the phesphorus in the blood and grass
composts was most efficiently utilized, followed in
decreasing order by that in the sludge and nitrochalk
composts. The poor compost caused greater immobilizaetion
of native phosphorus than did straw + KN03. However,
differences due to treatment vé:ied with pH, At pH 5.2
it was only with the sludge and grass composts that there
was any recovery of applied phosphorus. At pH 6.2 all

treatments excert poor compost resulted in phosphorus
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reeevéry, whilst at i 7.2 all treatments except poor
' compost and straw -t-KHO3 resulted in phesphorus recovery,
The greatest‘differences due to treatment in recovery

of applied phosphorus occurred at pH 6.2,

Reooxarx of apglied potassium,
When the ‘results of all treaiments were averaged the ;
recovery of applied potassium differed little with pH
ranging from 51.2% to 54.1%., However, with individual
‘ltreatments there were usually fair differences in
“potassium/recovery due to pH. The greatest difforonobh‘
due to pH occurred with the blcod compoat, where recovery
’incrggsedty;th pH. from 60% at pE 5.2 to 917 at pH 7.2.
Increégix ;£H aisé fesulted in increasing recovery of
potaséiu;7from the nitrochalk, sludge and grass composta.
pH had'?émnaratlvely little effect on potaaaium regcovery
from the straw + KNO3 treatment, Recovory of potassium
from the EHO3 treatment decreased with inoreaaing PH,
whilst thht from the poor compost was at a minimum at pH
6.2. | |
The effects of the treatments averaged over the three
pH levels show that the recovery of applied pofassium was
highest from the blood compost, followed by the grass
compost. The nitrochalk and sludge composts showed the

' same order of recovery as did the KNOs_treafment,’whilst
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" the poor compost“an& straw + KIIO3 treatments showed
relatively poor recovery of applied potassium, At each
of the three pH levels differences due to treatment were
'greafer at pH 6.2 and 7.2 than at pH 5,2, The main
difference due to pH_was that recovery of applied potassium
from KHO3 was lower than that from the composts (excluding
. the poor oompost) at pH 7. 2, whilst the reverse was true
at pH 5 2. : ,
The extent to which the: potasaium in the straw + Kxo3'
treatment was immobilized through deaompoaition ot the
* straw can be determined by subtracting the recovery values
with this treatment from those obtained with the KNO,
treatment, By doing this 1V was found. that tho'potaasium -
immobilized by the straw amounted to 46.7%, 27.% and o
. 26.9% of that applied at pH 5.2, PH 6.2 and pE 7.2

rQSpectivoly.

gggoverx og appliod mggnegium.

| ¥hen the resulta of all treatments are averaged the ﬁ
* recovery~of applied magnesium was sOmewhat greater at‘px
6.2 and 7.2 than at pH 5,2, When the individual treat-
ments are considered pH variations had'the.greateatlpfteet.
on’rebévery of magnébium from the bdbbd and nitrochelk
comfdsts,_with maximumrrecovery occuriingfatApH 7.2 ahd ,' '

. 6.2 féspéctively. Maximum recovery of applied magnesinm
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also occurred at pH 6.2 from atraw + KHOs, sludge wom-
poat and grass compost., All the materials except

gtraw +,KN03 showed lower recov§ry at pH 5.2 than at

pH 7.2, - The poor compost was the only mater;al whidh
caused immobilization of/applied magnesium and then only
to a limited exteﬁt at pH 5.2 and 6.2. The effects of
treatmets averaged over the three PH levels showed that
magnesium was most efficiently utilized from the Slood
and nitrochalk composts and least efficiehxly‘from the
poor comﬁost and straw + KHOE. The‘maip differenees
due to pH'were‘(a) at rH 7.2 recovery of magnesium was
much lower from straw + KNO, than from the éoﬁ?osta, but
was of the same order as that from the compost at the
two lower pH levels, (b) the poor compost gave the same
order of recovery ofvappliéd magnesium*as the other »
composts’at PH 7.2 whilst at the lower PH ievéls it was
the only material to cause immobilization of magnesiun,
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Discussion,

Since the main purposes of this study were (a)
to compare the effects of fresh straw + N with those of
composted straw and (b) to compare the effects of composts
prepared with different{ accelerators on fhe rperformance
of ryegrass the discussion of the results obtained will
be restricted mainly to (1) comparing the effects of the

straw + KNO., treatment with the nitrochalk compost treat-

ment and (2? cpmparing the effects of the four composted
matefials (i.e., the nitrochalk, blood, sludge and grass
composts) . The nitrochalk compost was selected to he
compered with the sitraw + KNO; treataent because in the
preparation of this compost less extraneous material was
introduced so that the final product could be more
reasonably compare& with the straw + KHO3 treatment than
in the case of the other composts, where a greater
variety and quantity of extraneous material was introduced,
This is supported by the fact that the total quantity of
the four major elements studied hefe, exéept potassium,
were added Yo about the same extent in the nitrochalk
compost and straw + KKO3 treatments, whilst the other

composts added greater amounts of two or more of the

major nutrients,
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Little need be said about the resulis obtaindd

with the "poor compost" treatment, This material was
straw which had been allowed to rot without the addition
of any accelerator and it was expected that the addition
of this material to soil would.give poor results. This
was in fact confirmed by the actual resulis cbtained in
this study. The material gave the poorest results in
nearly every case with respect to dry matter ylelds of
ryegrass and uptake of the four major nutrients. 1In
addition the material caused mederate immobilization 6£
_ native soil mitrogen (it was in fact the only treatment %o
do this) and considerable immobilization of native soil
phosphorus at all pH.levels. S1ight immobilization of
native magnesium was caused at ﬁhe two 16wer pH levels
and the recovery of applied potassium from this material
was poorer than from any of the others. The poor resulis
ebtained from this treatment compared with the other waé
not due to lower total nutrients added fhrough this
treatment (since the total amount of the Zour major
nutrients added through it was 1itt1e different from those
added with the nitrochalk compost treatment) but beoause._ '
the poor compost still coniained a falr amouﬂt of _
decomposable cellulosic materiasl (as indicated by the
carbon/nitrogen ratio of 32) and decomposition of thib,
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in the soil while the crop was growing resulted in
greater immobilization of‘the major nutrients than in

the case of the other treatments.

Straw + KNOs versus nitrochalk compost.

The results obtained with these two treatments will
be discussed in relation to those obtained with the
control and the KNO3 treatment, A comparison of stréw
+ KHO3 with the KNO3 indicates the effect of straw,

The nitrochalk compost supplied about 10% more total
nitrogen than did stiaw + Kﬂbsg the latter supplied.
about twice 28 much total potassium as the former, whilst
both materials supplied very similer amounts of total
rhosphorus and magnesium. ‘ There were in general no
significant differences® in yields‘of ryegrass tops and
rootz between the two treatménts'and more often than not
neither treatment increased yields ovei the controls.
KNO3 on the other hand signifiocantly inoreased yields of
both tops and rootes over all other treatments in nearly
every case. Thus as far as dry matter yields are con-
cerned the addition of straw usually nullified the effect
of KNO,. The earhon/nitrogeh ratios of the hitrcchalk

*For convenience significant differences and the order of

results are set out in Table 55 (upper part).
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compost and straw + KNO3 were 28 and 32 respectively,
whilst that of the poor compost was also 32. These
rati@s are of the same order. The fact that the poor
compost usually gave lower yields than did the other
materials indicates that the carbon/mitrogen ratio in
1tse1f,Aat least in this range, is of 1little value in
indicating the likely effect of the materials on growth,
The general conclusion is thatif straw is to dbe com—:
posted at all the composting should be done with
addition of a euitable‘amount of accelerator., If this
cannot be done it is better to apply the uncomposted
straw together with.extra nitrdgen rather thén to apply
poorly composted straw without extra nitrogen.

With the straw +rKNO3 treatment the mineral nitrogen
and in addition the mineral forms of the other nutrients
are being competed for on the one hand by the micro-
organisms decomposing the cellulosic material of the
straw and on the other hand by the ryegrass roots,

During the early stages, where ryegrass root activity is
low, we would expect more of the mineral elements to ba
immobilized by the decompoaing straw than taken up by ihe
ryegrass, As growth progresses accompanied by increasing

volume and activity of ryegrass roots together with
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decreasing activity of immobilzing mimroorganisms (as
the cellulosic materials disappear) the uptake of
mineral elements by the roots will exceed that by the
»immobilisﬁng organisms. In addition, and providing
the time is long enough part of the mineral elements
immobilized initially willvminefalize as the body material
of the dead microorganisms decompose., The nitrochalk
compoét, containing little easily decomposable
céliﬁlbsic.material, would not tend to cause any initial
immobilization of mineral elements, but would on the
other hand tend to give a gradﬁai releage of‘minéral
eloments with time. Such results have been shown by
" Cornfield (44) for nitrogen in an incubation test, He
found that a nitrochalk compost incubated with soil
resulted in a slow release of mineral nitrogen with time
(184) days). Straw caused considerable immobilization
of native mineral nitrogen up to about 30 days but
thereafter the immobillzed nitrogen gra&ﬁally mineralized
and by the end of the test 25% of that which had been
immobilized initially had agein been released.
The comparative ability of the straw + KNO, and

nitrochalk compost to supply mineral elements to the
ryegrass over the whole period of growth is shown in the
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cumalative mineral uptake curves (Figs. 7-10). Nitrogen,
phosphorus, and potassium uptakes at pH 5.2 and T.2

over the three cuttings were fairly parallel between the
two treatmemts, On the other hand at pH 6.2 uptake for
all three elements was greater with the nitrochalk com=-
post treatment‘than with the strawv¥ Kli{():,7 treatment in
the first cutting, but by the final cutting total uptake
was greater for the straw + KHO3 treatment. Thus the
intermediate pH would seem %o be optimum insofar as
releasing these initially immobilized mineral elements
aré.concerned. The effect as far as magnesium is cone
cerned is not obvious,

The effect of soil pH is again apﬁarent when the
recovery of the applied mineral elements by the ryegrass
is conmsidered (Table 54), With all four elements the
percentage recovery of the applied element was greéter at
pH 6.2 than at the lower or higher pH with the straw +
KFO3 treatment., With the nitrochalk compost treatment
recoveries were lowest at pH 5.2 and there were little
differences in recovery ot the two higher pH levels.
This indicates that the micro-organisms responsible for
Immobilization are less active at pH 6.2 than at pH 5,2

and 7.2y whilst those responsible for mineralization are
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less active at pH 5.2 than at the two higher pH levels,
with little differences between these two higher pH |
levels, Thus the critical PH dtove which no further
increase in mineralization of organic mineral sourcee
occurs appears to be in the region of 6, This agrees
with results obiained by Cornfield (97) for nitrogen,
‘who ‘showed that there was a critical pH in the region

of 6 for mineralization.of the native organic nitrogen,
of a wide rahge'of soils. It must be borne in mind that
apart from b1010gica1 immobilization, chemioal “
immobilization or fixation processes will vary depenﬂing
on soil pH., 0hem10a1 fixation is probably not as
‘important as biologioal immobilization in the case. of
nitrogen, but is probably as important, if not more so,
for the other threg alements, particularly for phosphornS.
The very’greatldiffeienceg in ghosphorus recovery due to
pH with nearly all the treatments is probably largely

due to the chemicai processes involved iﬁ phosphorus
fixation, lThns'the‘graater finalkrecovery of phosphorus
at pH 6.2 as comparéd with the lower and higher pH levels
is probably due to the wellknown mechanisms of phosphate
fixafion by aluminium and iron at the lower pH and |
phésphate fization 28 apatites and hydroxyapatites at the
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| higher.pﬁ.

The availability of the major nutrients, as
indicated by their total uptake in the ryegrass tdps and
roots, was no different between the control, straw +
Kﬂoj, and nitrochalk compost treatments in the’soil of
PH 5.2, A%t pH 6.2, straw + KEO3 supplied more nitrogen
but less magnesium then did the nitrochalk compost, with
no significant difference in ability to supply phosphorus.
At pH 7.2_the nitrochalk compost supplied more nitrbgen,
phosphorus and magnesiun than did straw +-KHO3. Eere
again the importance of pH in affecting the differential
uptake_df nutrients from the two materials is obvious.

The effect of straw on the performance of ryegrass
is obtaiﬁed by the difference in results between the
KNO4 and ENO, + straw treatments. At pH 5.2 and T.2
the straw completely prevented the uptake of any o£ the
appliedfﬁitrate-nitrogen, vhilst ab pH 6.2 the straw
prevented uptake of 39 of the applied nitrate-nifrogen.
Thus the critical effect of the intermediate as compared
with the lower and higher pH levels on nitrogen
Immobllization and mineralization is obvious. 1In the
cage of potossium about half of the potassium applied as
KN03 was preveﬁted by the straw from being taken up by
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the ryegrass at pH 5.2, whilst about a quarter was
prevented from'being taken up by the straw at pH 6,2
and T.2, Thus the critical pH for potassium is
different to that for nitrogen., . This is probably
because mineral nitrogen is immobilized biolbgically
vhilst potassium is immobilized chemically. (It has been
reported (98, 99) ihat potassiun is usually fixed
chemically, although Vaksman (10), Blume and Purvis (100)
have suggested that it may be immobilized by micro-
organisms in their cell tissue.) |

The relatively high recovery of magnesium at the
two higher pH levels from nitrochalk compost compared
with that from the straw + ENO; is of interest, The
total amountlof magnesiun added in both treatments was.
very simiiar, hence the differences in recovery of added
magnesium may be due to differences in the extent of
chemical or biological immobilization. Magnesium uptake
over the three cuttings of ryegrass were parallel between
the two treatments, indicating no differences in |
avéilability at any time due to the mineralization-
immobilization effects, However, phosphorus may have
been a limiting factor in magnesium uptake, since 1t is‘
well-known (101, 102, 103) that these two elements are
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Yearriers" of each other. 1In this connection, 1t ig
interesting to note that the relative recoveries of
these two elements over the three pH levels paralleled
each other, Another.reason‘for poor recovery of '

| aﬁﬁlieﬁ ﬁagnesium,frdm_ﬁhé'gtraw'f Kﬂ03 treatment epm-‘
pared with that from the nitrocha;k compoat treatmenf
may be due to thg‘higher 1eve} of potéésiumvin the former
treatment resulting in reduced magnesium uptake (104, 105,
106, 10%).. However this does not appear to be‘aﬁ .
important factor, in view of the fact that potassium
recovery was not corielated ﬁith magnesium recovery and
magnesium uptake was not reduced by the KN, treatment |

in comparison with the other two treatments,

Comparison of the four composts.

The order of effectiveness of the four composts
(nitrochalk; blood, sludge and grass) oombared with that |
of the control and the KNO, treatment is shown for ary
matter yields and uptake of the four major mutrients in
Table 55 (lower part). |

The table shows that in neerly every case the KKO?
treatment was superior to the other treatments with )
regard to yields and total nutrient uptake. The only :

exceptions were for total magnesium upteke, at pH‘E;Z
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and T.2; in addition in some cases values obfained
with some treatments were not significantly lower than
thoge obtained with KNO;. -

The nitrochalk compost in general produced signific-
antly lower dry matier yields of roots and tops than 4id
~ the other . composts, particulariy at the two lower pH
levels. _'The carbon nitrogen ratio of this compost was
28,%3& that of the other three composts ranged from 12
tg 20, Thus the poorer ylelds may be ascribed to the
general effect of wider carbon/nitrogen ratio resulting
in reduced availabllity of nutrients because of
immobilization of these during decompdsition of
cellulogic material# . The grass compost had the lowest -
carbon/nitrogen ratioc, i.e. 12 vhilst the sludge and
blood composts had ratios of 16 and 20 respectively.
There were however ususlly no differences in dry matter
yields between the grass, sludge and blood composts.
Thus carbon/nitrogen ratio, providing it is not greater .
than about 20, does not affect the general performence
of the ryegrass as indicated by dry matter yields.,

Although there was = general trend for total
nitrogen and ﬁhosphorus uptakes by ryegrass to increase
with nitrogen and phosphorus contents, respectively, of

the applied composts, the differences due to treatment
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were usually not‘significant. Thus at pH 5.2 there

were . no significant differences in nifrogenluptake due

to treatment, at pH 6.2 grass compost was significantly
‘hettervthén the other three, whilst at pH 7.2 nitrochalk
compost Was'eignifioanﬁly poorer than the §ther‘fhree.
The order of effectiveness of the differenticqmpoéta in
supplying nitrogen and»phoaphorus'variéd with.pﬁ. Thus
the blood compost became increasingly mdre effective in
supplying nitrogen'ahd phosphorusin comparison with the
other composts with increasing pH., This is shown not -

- only in total nitrogen uptake but also in the way in
which the relative uptake with successive cuttings of
ryegrass show a comparatively greéfer/nitrogen and
phosphorua uptake.at_the.twn highsr pH levels, This
indicates that the mineralization of both organic nitrbgen
and orgenic phosphorus in the blood compost increased
mofé rapidly with pH then did those in'the other composts;
- These findinga‘gre further confirmed Whén the recoveries
of ayplied nntriénts“are considered; recoveries
increased to a greater extent with increaéing pH in the
cage of the blood?compost than with the other éomposts.
However, in the case of phosphorus recoveries tended %o
‘deqrease as pH increased from 6.2 to 7.2. | The poor

phosphorus recoveries at the low pH is ﬁresumably due to
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1mho$ilizétioh of much or all of the appi;ed ghosphate:
in the irom- and eluminium-bound forms, whilst the poor
recqvefies’at pH 7.2 may be due to fixation as apatites
and hydroxyapatites.

 The recbvery of applied nitrogen from the four
composts ranged from 3% %o 2i%, whilst that from KHO3 was
virtually complete. Thia is not surprising in view of
the ready availabllity of the nitrate-nitrogen from~KK63, |
whilst most df the nitrogen supplied by the composts
~ would have io be mineralized before it became available,
However; to offset this relatively poor recovéry of
nitrogenvfrom the composts, their residual effects must
be considered.  This problem was studied in another ,‘
experiment to be reported in amother chapter. Apart from
this composts would normally be applied to soils 4in much
larger quantities than inorganic nitrogen fertilizers
would be applied and thus would be able to supply as much
nitrogen as would the inorganic fertilizers.

Potassium uptake by ryegrass wés correlated with
Yotal potassium content of the four composts, at all pH
levels, the grass compogt, having the highest potassium
| content,'giving the greatest total uptake of potassium.
Although there were no important differences due to pH,

recoveries of applied potassium tended to increase with
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pH, It is interésting to note that about half %o
three-quarters of potassium applied in the composts was.
‘available to the ryegrass; this was 1little different
from the availability of the potassium applied as KKOB,
which ranged from 497 to T1%. The tendency for recovery
ot applied potassifin from the composis to increase with
PH, particularly from pH 5.2 to pH 6.2, whilst that from
KNG3 decreased with pH is of interest, There 1is a cer-
tain amount of controversy (108, 109, 110, 11l) as to
whether potagssium fixation is affected by pH. The
results obtained in this study indicate that whereas on
the dnq hand pdtassium fixation appears to increase_wiﬁh
pH when inorganic potasasium (i.e. KND) is applied, on
the other hand it appears to decrease with increasing
pH when potassium is supplied in the form of composts,
Thus extent of fixation and hence avallability to the
plant is afBeted by the presence of the compost humus and
1£s effect, at leagt et the two higher pH levels, is to
'prevént potassium fixation by the mineral fraction of the
goil presumably by competing with the mineral exchange
complex for some of the potassium.

| The mos? interesiing point to note with reepect %o

recovery of applied magnesium by the successive cuttings
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of ryegrass is that the recovery of magnesium from the
blood compost in relation to that from the other composts
increased with cuttings at all pH levels. The total
magnesiun uptake’from the blood compost was as good as
oi'better»(aepending on pH) thag that from the sludge and
grass’composts; in splite of the fact thaf fhe two‘latter
materials contained more total magnesium. ‘This, com-
bined with the fact that recovery of applied magnesium

- from the blood‘comﬁoét ﬁas‘greatér; pgrticuiarly at'the
two higherlpﬂ‘lefels,‘than that from fhe'ﬁther two
materials indicates th&t the blood cdmpogt is superior to
the other two materials in eiﬁher prévénting}immobilisaé
tion of magnesium and/or oauéing‘immobilized magnesium to
become available. There was a rough cbfrélation ﬁetween
| recovery of magnesium and.ieéovery of phbsphorus ovér the
three pH levels, indicating that the carrier effect bet-—

ween these two nutrients appears to be‘operative.

Top/root er matter ratios. _

© Although the ENO; treatment resulted in a greater
production of both tops and roots than did ‘any other
treaxment the top/root ratio obtained with this treatment
was 1ittle different to that obtained with the composts.
This indicates that the effectstqf all these materials
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on dry matter production are different in quantity l'm.t
not in quality. The only treatment which consistently
gave low top/root ratios was straw + KH03. This wag
due mbre to high root weight than to low top weight
compared with the other treatmentis, particularly at the
two lower pH levels, It apﬁears therefore that the

- vigorous biological reactions occurring as a result of
siraw decomposition have stimulated root growth to e.’

greater extent than top growth. .
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Summary and Conclugions.

Pot tests in the greenhouse were carried out on
Silwood soil (sandy loam) adjusted to pH 5.2, 6.2 and
7.2 beforethe start and treated with 1% by weight of
gtraw (+ Kﬁo3 to give 100 1b, N per agfe), poor compoat,
blood compost, nitrochalk compost, sludge compost, and
grass compost. At each pH‘levél a control as well as a
KNO3 treatment (in amount equal to that given with the
otraw) was included. Perennial ryegrass was the test
crop and three cuttings wéré'taken over 255 days. The
cuttings and roots were analysed\fqr nitrogen, phosphorus,
potassium and magnesium. :

The results will be summarized so as to compere (a)
the KNO3, straw + Kﬂbs and nitrochalk compost treatment
and (b) the KNO5, blood, nitrochalk, sludge and grass
compost treatments., The poor compost (prepared by
allowing straw to rot without addition of any accelerator)
resulted in a péorer performance of ryegrass (with respect
to yields and nutrient uptake) even compared with the

controls at all pH levels,

Comparison of’KEDs, straw + KH03, and nitrochalk compost
treatments. " ‘

KNO, produced higher top and root dry matter ylelds
than did the other treatments at all pH levels, except
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for rqof'yields at pH 5.2, where siraw + KNO:3 was as
effective. In general, straw +-$N03 and nitrochalk
compoast were only slightly more effective than the '
contréls as far as dry matter yields of tops and roots
were donderned, and. there was on the whole no difference
in pe?forma@ce between straw + KNO3 and nitrochalk com~
post; _ ,

Total nitrogen uptake was greatest with KNO, at all
pH levels, except that at pH 6,2 straw + KNO; was as
effective. At pH 5.2 total nitrogen uptake was no better
| with‘straﬁ + KNO3 end nitrochalk compost then from ﬁhe ;
control. ';At PE 6.2 straw + KKO3 was more effecetive than
nitrochalk compost in inereasing total nitrogen uptake,
whilst'ai'éﬁ 7.2 the reverse was frue. Becovefy of
applied nitrogen was complete from‘KNO3,increased from
about 7% to 15% with increasing pH from nitrochalk com-
post, end from straw + KNO; was higher (31% of that
applied) gt PH 6,2 than at the two other pH levels,

. Straw "permanently" immobilized all the Kno,);-nitr_ogen at
PH 5.2 and 7.2 and 60% of the KNO,-nitrogen at pH 6.2. .

’ 2ota1“phosphorus uptake was highest with the KNOS
treafment, excépt for nitrochalk compost at 7H T.2. At
‘pH 5.2 total phosphorus uptaske was no different between
| the conjroi, gtraw + KK03, and nitrdchalk compost;v at
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PH 6.2 only straw + KRO, increased total phosphorus
uptake over the control, whilst at pH T.2 this treatment
reduced total phosphorus uptake compared with the con-
trol. The recovefy of'applied phosphorus was higher'at
pH 6.2 than at the two other pH levels; at pH 5.2 and
7.2 with the straw + KN03 and at pH 5.2 with the ﬂit?o-
chalk campost there was permanent immobilization of
apﬁlied phosphorus. | o
.chal‘potassium‘uptake at éll’pﬂ Jevels decreased in
the order KNO, straw + KNOs, nitrochalk compost, control.
~ Recovery of KNGB-pataésium decraased with ﬁH; regovery
of potassium from straw + KNOs‘was lower amd hardly
" aﬁfected by pH. Straw "permanently" immobilized ahouf '
 47% of the Ki§Oz-potessium at pH 5.2 and about 27% at éﬁ
6.2 and 7.2, |
Total uptake of magnesium at pH 5,2 was not affected
by any of the treatments, whilst at pH 6.2 and 7.2 it was
increased to = greater extent by KNO; and nitrochalk
compost than by siraw + KN03. Recovery of applied
magnesium was greater from nitrochalk compost than from
straw.f‘xﬁp3 at pH 6.2 and 7.2 only., Recovery from both
materials was better at pH 6.2 than at the two other pH

levels,
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The general overall conclusion is that at low pH

the perférmance of ryegrass was affected to about the

same extent by composted straw end uncomposted straw:
epplied with extra nitrogen whilst at the higher pH levels

the composted straw resulted in better performance of

ryegrass than did uncomposted straw with extra nitrogen.

:COmgariéoﬁ of Kﬂogiénd nitrochalk, blood, sludge and grass
gofaposts. . - ” i

N KNO3 produced the highest dry matter ylelds of tops
and roots at all pH levela. At pH 7.2 the four composts
produced similar total yields, all of which ﬁére greatgr
than ﬁhe control. A% TH 6. 2'grasé and blbod dohposts'
produced higher yields than sludge or nitrochalk compeat.
At pH 5. 2 only sludge and grass compost producea higher
yields than dld the conitrol.

~ At pH 5.2 only grass coﬁpoat pro&uoed higher total

hitrogenluptake than did the controly at pH 6,2 grasa
éompoéf was again the best but the other composts also
caused increased nitrogen uptake compared with the con-
~trol; at pH 7.2 grass, sludge and blood composts were
bétter than nitrochalk in inefeasing total aitrogen up-
take. The recovery of applied nitrogen increased with
PH, partiéuiarly from 5.2 to 6.2, with all composts.
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Recovery of nitrogen from the blood compost was better

' +han that_from the others at high pH and worse than that
_from the thers gt 1ow‘pH¢‘ Thgirecovery df nitrogen
fromkthe composts varied from 4% to 21%, whilst that
Prom KNO3 was essentially complete.

- At pH 5.2 total phosphorus uptahe was. greatest with
KNO3 and sludge compost, whilst the other materlals did
’not affect total phosphorus uptake- at pHNG.Z and 7.2
211 materials except nitrochalk‘composﬁ increasgd total
phosﬁhorué upfake. Récovery of applied phosphorus was
greater, and usually to a conaiderable extent, at pH
6.2 #han at pH 5.2 and 7.2, "Pemaneﬂt“ immobilization
of pho sphorus from the blood and nitrochalk composts
ocourred at pH 5.2. At pH 6.2 andA7.2 recovery of
'éppliéd'phOSPhoruswas,greater from +the blpédrand grass
than from the other coﬁposts. |

The order of total potassium uptzke due to treatments'
was little affected by pH. Kﬂo3 gave the greatest uptake,
followed by grass compost and then by the other three
composts, all of which caused greater uptake of potassium
" then did the control, The recovery of app1ied potaaéium‘
from the compodts increased with pH, particularly from
pH 5 2 to 6.2, | The greatest recovery of applied
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- potassium occurred from tha‘grass compost at pH 5.2 and
from the blood compost at pE 6,2 and 7.2, The recovery
of potassium from KITO3 was of the same order as that
from the composts.

At PH 5.2 total magnesium uptake was greatest with
the sludge compost and no different beiween all other
| treatments,'including the control; &t pH 6.2 all treat-
ments caﬁseﬁ similar increases in total magnesium uptake
over the contiol; ot pH T.2 the biood gonpost causéd'
the greatest magnesium uptake, whilst the'other treatments
caused gimilar increases of magnesium uptake over the
control.  Recovery oflapplied*magnesium was of the same
order from all cdmposts afva 5.2, but at pH 6.2 and Te2
recovery washigher from the blood and nitrochalk composts
than from the other composts., With all the composts
redovery of‘applied magnesium was greater at pH 6.2 or
7.2 than at pH 5.2. )

The generél overall conclugsions with reSpéct to the
efiéets“of the four composts onfryegrass performance atbe
(a) at pH 5,2 and 7.2 sludge and grass composts were more
effegtivé thaﬁ bldod’and nitrochalk composts, (b) at pH
6.2 graﬂs; sludge and blood composts were more effective
than nitrochalk compost and (e) the extent of responses

of all composts was greater at pH 7.2 then at the two

lower pH wvalues,



. Table 15.



Table 15. Dry natter yield (4n gms) of ryegrass (tops

1st Cutbing " 2nd Cutting
Treat- : ~
nents | .
| R, R, Total R, R, Total
© 0.690 0,756 1.446 0.747 - 0.800 1.54T
FS 0.844 0.796 1.640 0,737 0.698 1.435
BD 0.897 1.204 2,101 0.784 0,921 1,705
PO 0.906 0,943 1.849 0.751 0.729 1.480
NG 10,958 0,908 1,866 0.874 0.791 1.665
56 0.883 1,085 1.968 0,980 0,930 1.910
GG 1,098 1.279 2.377 0.936 1.051 1,967
KN 1.643 1.599 3,242  1.337 1,152 2.379




+ roota) erown in Silwood goil of pH 5.2.
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3pd Cutting

Root
Rl- Rz Totél Rl Bz Total
0.597 - 0,571 - %.168 1,180 1,220 . 2,400
0.695  0.703  1.396  1.676  1.629  3.305
0.569  0.586 1.155  1,101. 1.090  2.191
0.580  0.469  1.058  1.326 1,198  2.524
0.578  0.630 . 1,208 1,163  1.128 2,291
0.638 0,574  1.212  1.292  1.262  2.554
0.630  0.610  1.240  1.358  1.381 2,739
0.686 0,550 1.908  1.636  3.544

1.2%6
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Table 16. Dry satiter yield !in gmg) of ryegrass .

lst Cutting ~ 2nd Cutting

Treat- ' ‘ ‘ '
ments

- Ry By Total Ry R, Total
¢ 0.782 0,911 1.693 0.621 0.666 1,287
FS  0.617 0,659 1.276 0.970 0.903 1.873
BD . 0,927 0,881 1,808 0.B44 - 0,749 1.593
PC  0.455 0,512 0,965 0,651 0,489 1.140
NC  0.840 0,772 1.612 0,732 0,670 1.402
66 1,193 1.184 2,377 0.921 0.988 1.909

KN 1.625  1.735  3.360 1,066 0,967 2,033
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(jopsv+.r00t§ grown in $11wood soil of pH 6.2.

£r
it

2rd Gutfing "‘_ "~ Root

R Total R Ry  Total

2

0.557 0.457  0.994 0,953  0.918 = 1,871
0.854  0.847 1,701  1.594 1,620  3.214
0.869 0.826 1.695 1.610 1.415  3.025
0.532  0.493  1.025 0,949  0.877  1.826
0.700 | 0.623  1.323 1,146  1.276  2.422
0.621 - 0,695  1.316  1.328 . 1.469 2,797
0.734  0.763  1.497 1,599 1,691  3.200
0.754 04702  1.456 2,214  2.429  4.643
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Table 17. Dry matter yield gin gma} of ryegrass Stopa

1st Cutting 2nd Cutting

Treat— S '
mentsg o \

R1 ‘R2 : Total 'Rl Rz Total
c | 0.95%3 1,101 2,054 0.815 0,747 1.562
S © 0,637 0.637 1.274 0,979 0.983 .1.962
BD 1.107 1.169 2.276 1,171 0,908 2,079
PC 0.739 0,574 1.313 0,698 0.775 1.473
NC 1.009 1,149 2,158 1.020 1,043 2,063
56 1.312 1,070 2,382 1,050 1.060 2.110
GG 1.315 0,859 2,174 1.259 0.884 2,143
KN 1,989 1.697 3.686 1,024 0.777 1.801 -




+ roots) grbwn in S41lwood Soil of pH 7.2.
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srd Cutting ~~ Root

R, yﬁé - Total | Ry - R, ' Total
0.680  0.492  1.172 1,428  1.183 2,611
0.731 - 0.728  1.459  1.685  1.407  3.002
1,124 0,911  2.035 1,383  1.641 3,024
0.617  0.630  1.247  1.079  1.024  2.105
0.757  0.725  1.482 1,579  1.370 2,949
0,825 0,769  1.594  1.425 1,745  3.170
0.785  0.829  1.616  1.877  1.588 3,465
0.736 0,765  1.501 2,148  1.883 4,031
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Table 11&; Pergentgge‘nitrqggn.inAggrennial,ryegrasa'grown ;g,‘,‘

trea ts, - L
\ SelL PH &% Soi. PH G4
st  ond  3rd _  Root 1s% 2nd
_ Cutting Cutting Cutting Cutting OCutting
Treat- .. L . :
ments L o - B
B R R’ B, By Ry By Ry By R, Ry Ry
€ 1.25 1.20 1.20 1.20 1.20 1.20 1,39 1,38 0.81 0.86 1.13 1,20
PS(1%) 1,11 1.26 1,10 1,15 1,28 1,28 1.20 1.36 1,10 0.93 1,13 1,20
BD(1%) 1.23 1.18 1,20 1,20 1,30 1.40 1,55 1.20 1.08 1.00 1,30 1.48
PC 1,08 1.08 1305 .28 1,13 1.28 1.08 1.93 0.99 0.91 0.95 1,10
¢ 1,18 1.12 1,05 1,40 1,23 1,28 1.80 1.50 1.00 1,03 1.13 1,15
SG 1.26 1,20 1,13 0.98 1.23 1.20 1.58 1.25 1.12 1,14 1,35 1,20
KR 1,13 1.20 1,00 1,08 1.50 1.43 0.93 1,09 0,75 0.75

1,40 1.45
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Silwood soil of different pH treated with different

Soy k.

FH,

. %

3rd
Cutting

Robt“ﬂ 1st

A 2nd
Cutting Outting Cutting

3rd Root

R

By

B B, Ry

By By Ry Ry Ry

1.28 1,08
1,30 1.55
1.20 1.20
1.15 1.20
| 1,08 1.08

1,20 1.23
1.13 1,00
0.85 0.95

1,08 0,95
1,20 1,10
1.30 1.45 1.55
0.93 1.11 1.13
1.01 1,15 1.40
1.29 1.29 1.35
1,13 1.03 1,35
1.19 1.18 1.13

1.85 1.66
1.63 1.80
1.28 1.35
1,43 1.63
2,00 2,08
1.43 1.35
1.75 1.95
1.25 1.65

0.78
1,18

1,20 0,90 1,00 1.35 1.43
1,15 0.93.0.80°1.13 1,38
1.55 1.15 1.00 1.39 1.35
1.20 0.95 1.00 1,28 1.25

1,40 1.10 1.15 1..10 1.43

1,43 1,00 1.08 1.15 1.48
0.95 0.85 0.95 1.39 1,33
1.20f9¢95 0-85 1;43 1'43‘
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Table 17B. Percentaze phogphate in perennial ryegrass érown_gg‘

Q

Soil PH 5.2 R Soil
1s%  2na 3rd Root 1st  2nd
, Cutting  Cutting Cutting Cutting Cutting
- Treat- : \
- ments | ,
Bp B Ry B Ry BB, B Ry K R
0,97 0.78 1.14 1.06 0,80 0.78 0.58 0.41 0.63 0.62 0.94 0.89
s 0473 0.79 0.88 0.85 0,71 0,55 0.39 0,36 0.58 0,52 0,60 0.65
BD 0.74 0.69 0,97 0.85 0,88 0.83 0.36 0.41 0.61 0.61 0,85 0,92

PC 0,61 0.69.0,85 0.85 0,68 0.83 0.36 0.36 0.52 0.54 0,70 0.65
HC 0,79 0.79 0.85 0.94 0.73 0.78 0,46 0,36 0.54 0,61 0,83 0.73
SG 0.88 0.80 0,92 0.89 0.95 1.0L G.41 0.46 0.65 0.69 0,92 0.89
el 0,76 0.72 0,87 0.75 1,16 0.85 6.36 0.36 053 0.61 0.85 0,83
KN 0,65 0.65 0475 0.78 0.75 0.80 0,36 0.39 0.53 0.52 0.85 0.68
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S41wood soil of different pH.

pH 6.2 Soil pH 7.2

3rd Root 18t 2nd _ 3rd . Root

Cutting : Cutting Cutting Cutting

Ry R B Ry Ry Ry B Ry B Ry R Ky

0.73 0,73 0.43 0.40 0,49 0,52 1,14 1.01 0.58 0,70 0,36 0,31
0,92 0,71 0.41 0,39 0,43 0,43 0,63 0.63 0.53 0.48 0,31 0,30
1,14 1,18 0,36 0.36 0.48 0.56 0,85 0,61 .59 0.65 0,36 0,36
0.73 0.66 0436 0.35 0.43 0.52 0,65 0.60 0.55 0.63 0.36 0,33
0.66 0,78 0.46 0.46 0,48 0.49 0.78 0.75 0,65 0.69 0,33 0.36
1,06 0,83 0.45 0.48 0,53 0.54 0.84 0,24 0.68 0,58 0.51 0.40
0,73 1.01 0.39 0,40 0,52 0,52 075 0.75 0,69 0.68 0,31 0.36

0.68 0.88 0,39 0.59 0,43 0.38 0.68 0.65 0.68 0.63 0,36 0,36




Table
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Table 17C. Percentage K in perenninsl ryegrass grown in S5ilwocd

KN 2,93 2,98 1.85

1.73 1.60

Soil pH 5.2 Soil
st 2nd 3rd Root 1at 2nd
' Cutting Cutting . Cutting Cutting Cutting
Ireat~ ~ o ' '

ments ' o :

B B B R B B, B B K R KK

© 2,25 1.70 1.58 1.40 1,25 1.15 0.45 0.45 1,30 1.25 0,93 1.00

FS(1%) 3,08 3,60 1.85 1,90 1.70 1,65 0.71 0.78 2.58 2.9 1.68 1.63

BD (2%)2.43 2.18 1.48 1.30 1,60 1.55 0,45 0,50 1,90 1.85 1.15 1.03

PG 2.25 2,28 1.48 1,30-1.33 1,55 0,48 0.41 2,00 1,93 1,10 1.20

NC 2.1% 2.13 1.40 1.40 1.50 1.55 0.54 0,48 1,78 1.78 1.25 1,10

SG . 2.68 2,33 1.40 1.35 1.55 1.55 0.48 0.48 1.78 1.98 1,03 1,00

1.65 0,43 0.48 2,03 2.00 1.40 1.30




8011 of different pH.
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PH 6,2

Soil pH 7.2

3rd Root

Cutting

1st
Gutting

2nd
Cutting- Cutting

5rd

Root

Ry, B B R, R

2

‘RZ

]

B,

0.75 0.8% 0.30 0.20 1.40
1.60 1,70 0,50 0.56 2.33
©1.25 1.20 0.30 0.20 1.75
1.25 0.83 0.30 0.30 1,75
1,00 1.05 0.39 0,41 1.55
1,20 1.20 6,30 0.39 1.75
1.15 1,15 0.35 0,30 2,10
1,10 1.05 0.30 0.33 2,03

1,00
2,43
1.75
2,00
1.60
1.78
2.13
1.93

1.03
1.58
1,10
1,25
1.00
1,25
1.25
1.40

0.93
1.73
1.13
1.03
1.00
1.13
1.45
1.50

0.70 0465
1.78 1.55
1.05 0.95
1.00 1.00
1.10 1.00
0.83 0.95
1,00 1.25
0.95 0,95

0.25 0,13
0.48 0.43
0.19 0,19
0.19 0.21
0.15 0,25
0,15 0,28
0.21 0.33
0.15 0.21
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Table 17D. '



- Teble 17D. Percentage magnesium in perennial”rxegrass grown in

Soil pH 5.2 Soil
C1st - 2nd 3rd Root*  1st - 2nd
: Cutting OCutting OCutting Cutting X Cutting
Treat- _ L. o ,
ments | v . -
B, B B R B Ry By BB K B
c 0.17 0.18 0,36 U.34 0,20 0,20 0.24 0,22 0,32 0.30

FS(1%) 0.25 0,23 0,30 0.23 0.27 0.24
BD(1%) 0,17 0,16 0,35 0.33 0.24 0,24
PG 0.15 0,16 0.32 0,31 0,19 0.20
HC 0,15 0.18 0.31 0.33 0.24 0.21
86 0.22 0,15 0.36 0.34 0.26 0,24
66 0.20 0419 0.30 0.30 0,19 0.19
K 0.18 0.15 0,29 0,25 0,15 0.17

0.18.0,15 0,31 0.30
0.26 0.24 0,35 0,37
0,22 0,22 0,33 0,32
0.24 0.22 0.33 0.54
0,30 0,27 0.35 0.33

0,22 0,21 0,31 0,30
0420 0,26 0.26 0.29

* negligible amounts found in roots



Silwood soil of different pH.
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pH 6.2 Soil pH T.2
3rd Root* 1st 2nd 3rd Root*
Cutting : Cutting Cutting .Cutting
B, B R’ R B R B R K R B R

0.20 0.19 0,22 0,22 0,29 0,30 0,21 0.24
0.25 0.24 0,18 0,15 0,32 0.31 0.24 0.24
0.22 0.24 0,27 0,30 0.32 0,36 0.25 0,26
0.23 0.19 | 0.24 0,23 0.32 0.38 0,22 0.24
0.21 0,21 ©0.27 0.24 0,35 0.36 0.23 0.24
0.21 0,22 - 0.24 0,31 0,31 0.26 0.24 0,24
0.20 0.20 B 0.24 0,22 0,33 0.34 0,21 0,22

0.15 0,17 0.24 0.20 0.26 0,27 0.18 0.17
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Table 18.



Table 18.  Total uptake of nitrosen (inmms) by perennial

1st Cutbing . 2nd Cutting

RI Ry Tofsal 'Mea.n Ry RIi Toﬁal lean

/

Control (8.63 9.07 17.70 8.85 8,95 9.60 18,56 9.28

LY

s 9.37 10.03 19,40 9.70 8.11 8.03 16.14 8,07
BD . 11,03 14.21 25.24 12,62 9.41 11,05 20.46 10,23
¢ 90.78 10,18 19.96 9,98 7.89 9.33 17.22 8.61
NC ~  11.30 10.17 21,47 10.74 9.18 11,07 20.25 10.13
S¢  11.13 13.02 24,15 12,08 11,07 9.11 20,18 10,09
6¢ ©  13.62 15.35 28,97 14,49 11,23 12,37 23,60 11.80

KN . 23,00 23,19 46,19 23,10 13,87 13.82 27,69 13.85
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ryegrass (tops and roois) grovm in Silwood soil of pH 52,

3rd Cutting " Root

R;  Ryy Total Mean Ry  Ryp Total Mean

716 6.85 14,01 7.01 16.40 16.84 33.24 16.62

887 9.00 17.87 8.94 20,11 22,15 42,26 21.13
70480 8.20 15,60 7.80 17.07 13.08 30.15 15.08

. 6,66 6.00 12,66 6,33 14.32 23,12 37.44 18.72
7.11 8.06 15,17 T7.59 20,93 16,92 37.85 18.93
7.85 6.89 14,74 7.37 20.41 15.78 3%6.19 18,10
7.56 7,32 14.88 7.44 18,20 21,13 39,33 19.67
6.86 5.24 12.80 6.40 28.62 23.39 52.01 26.01
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- Pable 19.°



Table 19, | Total*uptaké‘ of nitrogén-(in mgms) by peremnial

. 1lst Cubting . 2nd Cutting

‘RI | ; Rﬁ ‘Total Mean Ry  Ryy Total Mean

 Comtrol 6,53 7.83 14,16 7,08 7.02 7.99 15.01 T.51
P8 6.79 6,13 12,92 6.46 10.96 10,84 21,80 10.90

BD 10,01 8.88 18.89 9,45 10,97 11.09 22,06 11.03
PC 4,48 4.66 9.14 4.57 6.18 5,38 11.56 5.78
NG 8,40 7,95 16,35 8,18 8.27 7.71 15.98 7.99
S 11.20 12,05 23.25 11,63 12.78 11,16 23.94 11.97
6@ 11,93 11.96 23,89 11,95 10.41 7.41 17.82 8,91

KN 15.11 18,91 34,02 17.01 8,00 7.25 15,25 7.63
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ryegrass (tops + roots) grown in Silwood s0il of »oH 6;2¢

3rd Cutting Root

Rl | RII Total Megn RI RII Totnl. iMean

7.13 4.72 11,85 5.93 17.63 15.24 32,87 16.44
11,10 13.13 24,23 12,12 25.98 29,16 55.14 27.57
10,43 9,91 20,34 10,17 20.61 19.10 39.71 19.86

6.12 5.92 12,04 6,02 13.57 14,30 27.87 13,94
7456 6,73 14,29 7.15 22,92 26,54 49.46 24,73

7.45 8,55 16,00 8,00 18,99 19,83 38.82 19,41

8,29 7.63 15,92 7.96 27.98 32.97 60.95 30,48
6.41 6,67 13,08 6.54 27.68 30.08 57.76 28.68
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~ fPagble 20, Toial up';bake of nitrogen (in mems) by perennial

Clet Cutting - 2nd Cutting

Ry  Ryp Toial iean Ry ?‘Ii. Total 1llean

 Control 7.43 11.89 19.32 9,66 7.74 8.95 16.70 8.35

PS  7.52 7.64 15.16 7.58 10,77 11.11 21.88 10.94
BD  14.39 16.95 31.34 15.67 18.15 14.07 32.22 16,11
PC  6.87 .37 15.24 6.62 7.89 9,30 17.19 8.60
NC 10,19 13.21 23,40 11,70 14,28 14,60 28,88 14,44
6 16.92 13,80 30.72 15.36 14.18 15.16 20,34 14.67
66 14,86 .85 23.71 11.86 17.00 8,40 25,40 12.70

KN 23,67 20,02 43.69 21,85 11.57 9.32 20.89 10.45 .
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ryegrass (tops and roots) grown in Silwocd scil of pH 7.2

3rd Cutvbting Rootb

B’.[ RII Total HMean BI RII Total Iilean

6.12 4;92 11.04 A5-52 19,28 16,92 3%6.20 18.10
6.80 5.82 12.62 6,31 19.04 19.42 33,46 18.23
12,93 9,11 22,04 11,02 19.22 22.15 41.37 20.69
5.86 6,30 12,16 6,08 13,81 12,80 26,61 13,51
8.35 8,54 16,67 8,54 17.37 19.59 36.96 18,48
8.25 8,31 16,56 8.28 16,10 25,85 41.93 20,97
6,68 T.88 14.56 7.28 26,09 21.12 47.21 23,61
6,99 6.50 13.49 6.75 30,72 26,95 57.65 28,83
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Pable 21, Total phosphate uptake (in mgms) by perennial

1t Outting 2nd Cutting

RI RII Total Mean RI »BII Total Iiiean
Gontrol 6.59 5.90 12.59 6,30 8.52 8.48 17.00 8.50
PS 6.16 6.20 12,45 6.23 5.75 5.93 11.68 5.84
BD 6.64 8,31 14,95 T.48 7T.60 T.83 15,43 7.72
PC 5.55 6.51 12,04 6.02 6,38 6.20 12.58 6,29
NG To5T . To1T 14,74 1237 T.43 T.o44 14,87 T.44
§¢  7.77 €.68 16.45 8,23 9.02 8,28 17.30 8.65
GG 8,34 0 9.21 17.55 '8.78 8,14 7.73 15.87 7T.94
KN 10,68 10,39 21,07 10,54 9,20 8,99 18,19 9.09




167.

ryesrass (tops and rootd erowan in Silwood seil of pH 5.2.

3rd Cutting Root

4,78 4.45 9,23 4,62 6,84 5,00 11.84 5.92
4,92 3.87 8,79 4,40 6.54 5.85 12,40 6,20
5.01 4.85 9.87 4.94 3.96 4.47 8,43 4.22
4,01 3.89 7.90 3.95 4,77 4.31 9.08 4.54
4,22 4,91 9.13 4.57 5.35 4,06 9,41 4.71
6.06 5.80 11.86 5.93 5.30 5.81 11.11 5.56
.31 5.19 12,50 6.25 4,89 4.97 9.86 4.93
5.15 4,40 9.55 4.78 6.87 6.38 13.25 6.63
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Table 22. Zotal uptake of phosphate Sin %mé) by perennial

let Cutting 204 Cutting

Ry Ryy Total Moean Ry RIi Total Mean

Control 4‘093 5065 10058 5029 5084‘ 5093 11-77 5089

7S 3.58 3,43 T.01 3,51 5,82 5.87 11.69 5.85
BD 5.65 5,37 11,02 5.51 T.17 6.89 14.06 7.03
P 2.36 2.76 5.12 2,56 4.56 3,18 7.74 T.37
NG  4.54 4.1 9.25 4.65 6.08 4,89 10.97 5.49
SG 6.60 7.29 13.89 6.99 B.71 8,28 16.99 8.49
66 5.32 7.22 13,54 6,77 7T.83 8.20 16.03 8.01

KN 8.61 9.02 17.68 8,82 T.46 6.58 14.04 7,02
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xyegrags (tops and roots) grown in Silwood soil of »H 6.2.

3rd Cutting Root

BI RII Total Iean RI RII Total NMean

4,07 3.19 7.26 3,63 4,10 3.67 7.77 3.89
7.86 6.01 13.87 6.04 6.54 6.32 12.86 6.43
9.91 9.75 19.66 9.83 35.80 5.09 10.89 5.45
3.88 3.35 7425 5.62 3.43 3,07 6,49 3.25
£.62 4,86 9.48 4.74 5.27 5.87 11.14 5.52
6.58 5.77 12.35 6.18 5.7L 7.05 12,76 6.38
5.36 T.7L 13.07 6.54 6.24 6.76 13.00 6.50
5.13 6.18 11.31 §.66 8,63 9,47 18.10 9.05
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Table 23. Total uptzke of phosphate g.m mgmsz by g erennial

1st Cutting | 2nd Cutting

Ry By Total Mean Ry  Ryg Total lean

Control 4.67 5.73 10.40 5.20 .9.29 7T.54 16.83 8.42

FS 2,74 2.74 5.48 2,74 6.17 6.19 12.36 6,18
BD - 5.31 6.55 11,86 5,93 9.72 7.35 17.07 8.54
2e 3,18 2,98 6.16 3.08 4.54 4.65 0.10 4,59
No 4,84 5.63 10,47 5.24 7.96 7.82 15.78 7.89
s6 6,95 5.78 12,73 6.37 9.87 9.96 19.85 9,91
oe 6.84 4.47 11,31 5.66 0.44 6.63 16.07 8.04

KN 8.55 6.45 15.00 7.50 6.96 5.05 12,01 6,01




| | | 171,
ryegrass (tops and roots) grown in Silwood s0il of pH Ts2e

3rd Cutting Root

B‘I RII Total Mean RI RII Total Mean

3.94 3.44 T.38 3.69 5.14 3,67 8.81 4.41
3.87 3.49 7.36 3.68 5.22 4.22 9.44 4.72
6.63 5.92 12.55 6.28 4.98 5.91 10,89 5.45
3.39 3.97 7.36 3.68 3.88 3.38 T7.26 3.63
4,92 5.00 9.92 4.96 5.21 4.93 10,14 5,07
5,61 4.46 10.07 5.04 4.42 6.98 11.40 5.70
5.42 5.64 11.06 5.53 5.82 5.72 11.54 5.77
5.00 4,82 9.83 4,91 7.73 6.78 14.51 §.26
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Table 24, T\uta; uptake of potassium gg g@al b¥ perennial

1st Cutting 2nd Cutting

BI RII Total Mean BI B‘II Total Mean

Control 15.53 12.85 28.38 14.19 11,80 11,20 23.00 11.50

S 26.00 28,66 54.66 27.33 13.63 13.26 26.89 13.45

. BD  21.80 26.25 48.05 24,03 11,60 11,97 23,57 11.79
PG 20,39 21.50 41.89 20.95 11.11 9.48 20.59 10,30
NG 20,41 10,34 39,75 19.88 12,24 11,07 23.31 11.66
56 23.66 25.28 48,24 24.47 13.72 12.56 26,28 13.14
¢t 20.43 34.28 63;71 31.86 13.57 14.95 28,52 14.26

KN 48,14 47.65 95.79 47,90 22,70 19.93 42.63 21.32
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ryegrass grown in Silwood soil of pH 5.2,

3rd Cutting " Root

R Total Mean R R Total Mean
- Byy Total 1 B

. 7.46 6.57 14.03 7.02 5.31 5,49 10.80 5,40
11,78 11.60 23.38 11.69 11.90 12,71 24.61 12,31
9,10 9.08 18,18 9.09 4,95 5.45 10,40 5.20
7.83 7.27 15.10 7.55 6.36 4,91 11.27 5.64
8.67 9.77 18.44 9,22 6,28 5.41 11.69 5,90
9.89 8.90 18,79 9.40 6.20 6,06 12,26 6.13

10,40 9.76 20.16 10.08 4.75 4.83 9.58 4.79
10.98 9.08 20,06 10,03 8,20 7.85 16,05 8,03 -
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T@blé 23, Total uptake of potasium (in mems) by -

ooil of pH 6,2,

1t Cubbing | 2nd Cutbing

Ry Ryp Total Mean RI' By Total lean

Control. 10,17 1139 21,56 10,78 5.78 6.66 12,44 6,22

FS 15,92 19.64 35,66 17,78 16,30 14.72 31.02 15.51
BD  17.61 16.30 33.91 15.96 9.7 7.71 17.42 8,71
PC 9,06 9.88 18,94 .47 T7.16 5.87 15.05 6.52
NC  14.95 13.74 28.69 14,35 9.15 T.37 16.52 8.26
86 17.80 18.81 36.61 18,51 9,75 9.30 19.05 9.53
6 23,02 22.85 45.87 22,94 10,13 11.86 21,93 11,00

KN 33.99 534,70 67.69 35,85 14,92 12.57 27.49 12.35
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perennial ryegrass Stogs and robts! grown in SilWoda»

rd Cutting

Root

By

Rrq Total

RII Total

Mean

4.18
13.66
- 10,86
6.65
7.00
Te45
8.44
8.29

3.65 7.81
14.40 28,06
9.91 20,77
4,09 10,74
6,54 13,54
8.34 15.79
8.77 17.21
7.57 15.66

2o
T.97

3496
14,03
10439

5437

6.77

7.90

8.61

7.83

4.47
3.98
5460
6,64

4,83
2,85

1.84 4.70
9.07 17.04
2.85 T.66
2,63 5.48
5,23 9,70
5.75 9,71
5.07 10467
8,02 14.66

2,36
8.52
%.83
2,79

4.90

4.86
5439
7.%3
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Tablé 26, Total uptaké of;pofassium.&n ngmns ) by perennial

1st Cutting 2nd Cutting

By By Total Mean Ry  Rpg ‘Total Hean

Gontrol 13,54 11,01 24.35 12,18 8,39 6.95 15.34 7.67

FS 14,84 15.48 30.32 15,16 15.47 17,01 32,48 16.24
BD 12,37 20,46 39.83 19,92 12,88 10.26 23,14 11.57
PG 12,93 11.48 24,41 12,21 8.73 T7.98 16,71 8.36
NC 15.64 18,38 34,02 17.01 10,20 10,43 20,63 10.52
S¢ 22,96 19.05 42,01 21,01 13.15 11.98 25.11 12.56
66 27.62 18,30 45.92 22,96 15,74 12,82 28,56 14,28

KN 40,38 32,75 75.13 36,57 14,34 11.66 26.00 13.00
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ryegrass (tops and roots) grown in Silwood soil of pH 7.2,

Brd Cutting : Root

Rl’ RII Total Ifjean R:[ RII | Total . Mea_n

476 3.20 .96 3.98 3,57 1.54 5.11 2.56
15,01 11,28 24.29 12,15 8.09 6.05 14,14 7.07
11.80 8,65 20.45 10,23 2.63 3,12 5.75 2.88

6.17 6.30 12.47 6.24 2,05 2,15 4,20 2.10
8,33 7.25 15,58 .79 2,37 3.43 5.80 2,90

6.85 T.31 14,16 T.08 2.14 4.80 7.03 3.52

7.86 10.36 18.22 9.11 3.94 5.24 9.48 4.58

6.99 7.27 14,26 7.15 3.22 3.95 T.17 3.59
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Table 27"0 ’



Table 27. Tobal uptake of magnesium (in megms) by perennial

1st Cutting ' 2nd Cutting

BI RII‘Total Mean Ry BII Total HMean

Control 1.17 1.36 2.53 1.27 2.69 2.72 5.41 2.71

S 2,11 1.83 3.94 1.97 2.21 1.61 3.82 1.91
BD 1,52 1,93 3.45 1.73 2.74 3.04 5,78 2.89
PO 1.36 1.51 2.87 1.44 2.40 2,26 4.66 2.33
NO 1.44 1.6% 3,07 1,54 2.71 2.61 5.32 2.66
S 1.94 1.63 3.57 1.79 3.53 3.16 6.69 3.35
GG 2,20 2,43 4,83 2.32 1,95 1.8% 3.78 1.89




179.

ryegrass gtogs only) grown in Silwood soil of 2H7§.2Q

3rd Gﬁtting | Root*»

Ry Rpy Total Hean By By; Total Mean

1.19 1.14 2.33 1,17
1.87 1.69 3.56 1.78
1,37 1.41 2.78 1.39
1.12 0.24 2,06 1,03
1.39 1.32 2.71 1.36
1.66 1,38 3,04 1,52
1.20 1,16 2,36 1.18
1.03 0.94 1.27 1.49

* negligible amoﬁnts fqund in roots.
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Table 28, -



Table 28. Total uptake of magnesium (in mems) by perennial

1st Cutting .. 2nd Cutting .

\ RI RII,’Total Hean RI ‘ RII Total tean

=1

Control 1.88 >2.00._3.88 1.94 1,78 1.3T 3.090 1.55

S © 1.11 0.99 2,10 1,05 2,65 2.54 5.19 2.59
BD 2,41 2,11 4.52 2,26 2.95 2.77 5.72 2.86
¢ 1.00 1,13 2,13 1.07 2.15 1.56 3.71 1.86
NC 2,02 3.71 5.73 2.87 3.98 2.28 6.26 3.13
S@ 3.00 2.85 5.85 2.93 3.31L 3.07 6.38 3.19
GG 2,62 2.49 5.11 2.56 2,86 2.96 5.82 2.91

KN f 5.25 4.51 7.76 3.88 2,77 2,80 5.57 2.79
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gxggrass (tops only) grown in Silwood soil of pH 6,2,

3rd Cutting

Root*

o

RII_ Total

Mean

By

RII Total Hean

ey

1,11
2.14
1.91
1,22
1.A47
1.30
1047
1.13

0.83.

2,03
1.98
0.94

1.31.

1.53
1.5%
1.19

1.94
4,17
3.89
2.16
2.78
2.83
3.00
2.32

0.97
2,09
1.95
1.08
1.39
l.42
1.50
1.16

* negligible amounts found in root,
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.Table 29,



Table 29. 1T6tal uptake of magnesium (in mems) by peremnial

1st Cutting 2nd Cutting

Control 2,10 2.42 4,52 2,26 2.36 2.24 4.60 2,30

B 1.15 0.96 2.11 1,06 3.13 3.05 6.18 3.09
BD 2,99 3.51 6.50 3.25 3.75 3.27 7.02 3.51
PC 1.77 1232 3.00 1.55 4,39 3.85 8.22 4.11
NG - 2.72 2,78 5,50 2.75 3.57 3.75 7T.32 3.66
S¢  3.15 3.32 6.47 3.24 '3.26 2.76 6.02 3,01

GG 3.16 1.89 5.05 2,53 4.15 2.65 6.80 3,40

KN CA0T7 3.39 8.16 4,08 '2.66 2,10 4.76 2.38




ryegrass (tops only grown in Silwood soil of pH 7.2.

- 3rd Cutting

Root*

Ry

Rip

Totsal

‘Méan

31 \,RII Total  Wean

1.43

2,81

1.36

1.74
'1.98 -

1,65
1.32

- 1.18

1.75
2,37
1.51
1,74

1.82
1,30

1.85

2.61
3.50

5.18

2,87

3,48

3.83
3.47
2.62

1.351
1.75

2,59
1.44

1.74
1.92
1.74
1.71

*negligible

amounts found in roots,
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' Table 30,



Dable 30, Cumilabive total upteke of N, P, Mg, K by

Nitrogen \ ' Phosphate

1st 1st+2nd let+ lst 1st+2nd 1lst+
‘ 2nd+3rd 2nd+3rd

¢ 8.85 18,13 25,14 6,30 14,80 19,42
PS 9,70 17.77 26,71 ' 6,25 12,09  16.49

BD 12,60 22,80 30.60  7.48 15.20  20.14
PC 9.98 18.59 24,92  6.02 12.31  16.26
NC 10,70 20,80 . 28.39  7.37 14.81  19.38
SG 12,20 22,30  29.67  8.23 16.88 22,81

GG 24,50 26,30 33.74  8.78 16.72 22,97

KN 23.20 37.10  43.50 . 10;50 19.60 24,38




185.

i .

| »2‘ eremﬂ‘ai' Iy égmss grown in Silwood soil of pH 5.2. (in mgms),

v’];aégz;ési\im Potassium

1st Tstond  lsts ist 1lst+2nd  1lst+
o/ 2nd+3rd B 2nd+Prd

1.27 3,98 1 5.5 142 257 327

7

1.97 . 3.88 « 5.66  27.3 40.8 52,5

173 462 . 6.01 24,0  35.8  44.89
144 /377 480 21.00 330 38.85
1.54 /420 5.56  19.90 31.60  40.82
179 . ?';‘14 6.66 24,50 37.60 47,00

2,32 4;.21 5.59 31.9 46,2 5,63
2.68/ 4,37 /' 5.85 47.9 69.2 79,2




Table 71,
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Table 31. Cumulative total uvntoke of N, P, Mg and K by

Witrogen ' Phosphate

1st 1st+2nd lat+ lat lat+2nd let+
2nd+3rd 2nd+3rd

p—

¢ 7.08 14.59  20.53  5.29 11,18 14,81
S 6.46 17.%6 29,45 3.5% 9.36 16,30
BD 9.45 20,46  30.65  5.51 12,54 22,37
PO 4.57  10.35 16437 2,56 6.43 . 10,05
NC 8.18 16.17  23.32  4.65 10.12  14.86
S¢ 11.60 23.60 31,60  6.95 15.45  21.63
GG 11.95 20.86  28.82  6.77 14,79  21.33
KE 17.00 24,63 31,17 8,82 15.84  21.50
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perennial ryegrass grown in Silwood soil of pH 6.2

Magnesium Potassium

lst 1st+2nd Z%EI;rd 1st 1lst+2nd 2%§E;rd
1.9  3.49  4.96 10.80 17.00  20.96
1.05  3.65  5.74 17.80 33.30  47.30
2.26 5,12 7.07 17.00 25,71  36.11
1.07 2,95 401 9,50 16,02  21.39
2.87  6.00  7.39 14.40 22.66  29.43
2.95  6.12 7.5 18,30 27.83  35.73
2.56  5.47  6.97 22,90 33.90 42,51
3.88 6.67 55.90 46,20 5

T+83

54,03
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Table 32.
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Table %2, Cumulative total uptake of W, P, Mg and K by

Hitrogen Phosphate

1et  let+ond  lst+  Lst  lst+2nd  lst+
2nd+3rd 2nd+3rd

¢ 9,66 18,01  23.53  5.20 13.61  17.30
PS  7.58 18.48  24.79 . 2.74 8,92 12,60
BD 15.7 31.8  42.8 5.93 '14;47 20.75
PC  6.62 15.22  21.30  3.08. 7.65  11.31
NC 11.70 26,14  34.48 5,24 13,13 18,09
S¢ 15.40 30,10  38.38  6.37 16.29  21.33
66 11.90 24.60 ° 31,88  5.66 1370  19.23
KN 21.90 32,30 39,05  7.50 13,51  18.42
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Perennial ryegrass (tops only) grown in Silwood soil of pH 7.2.

Magnesium Potassium
1t  1let+2nd  1lst+ “1st  1lst+2nd  let+
~ 2nd+3rd | 2nd+3rd
2.26  4.56  5.87 12.20 19,87  23.85

1,06 415  5.90 15,20 3l.44  43.64
3.25  6.76 9,35 19.90 31,50  41.70
1,55  5.66  7.10 12,20 20,56  26.80
2.75  6.41 8,15  17.00 27.30  35.09
3.24  6.25 ”8.17 21,00 33,60 = 40.68 )
2.55  5.93 .67 23.00 31.30  46.41
4008 6.46  T.TT 36,60 40,60 56,73
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Table 47.



Table 47. Total dry matbter {tops only) yield (in gms) of
pH 5.2 pH 6,2
~ Comtrol 2,034 2,127 4,161 1,960  2.014
FS + KN 2,274 2,197 4471 2.441  2.409
BD 2,250 . 2,711 4,961 2.640 2,456
PO 2.246 2,141  4.387 1.636  1.494
NG 2,410 2,329 4,739 2.272 2,065
SG 2.501 2,589 5.090 2.568 2,682
GG 2.664 2,920 5,584 2.848 2,935
KN 3.556  5.367  6.857 3.445  3.404
Total  19.935 20,315  40.250 19,810 19,459




191,
perennial ryegragss grown in Silwood soil of different pH,

Totgl RI RII Total RI RII Total

3.974 2,448 2,380 4,788 6,442 6.4 12,923
4.850 2,347  2.348  4.695  7.062 6,954 14,016
5.006 3.402 2.988 6.390 8,292 8.155 16.447
3,130 2,054  1.979  4.033  5.936 5,614 11,550
4,337 2,786 2,917 5,705  T.468  T7.311 14,779
5,250 3,187 . 2.899 6,086 8.256 %.170 16,426
5,783 . 3.360  2.572  5.932  8.872 8,427  17.299
6.849 5.749 3.239 6.988 10,750 9.944 - 20,694

| 80,269 23,333 21.282 44,615 63,078 61,056 124,134
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" Tabel 48,

-



Table 48, Total dry matter yield gin g_rga) of roots of

-

By Ry Total Ryt Ry

Control 1,180  1.220 2,400 ~ 0,953 0,918

BS  1.676  1.620  3.305  1.504  1.620
BD 1,101 1.000 2,191 1.610  1.415
CPC 1326 1.198 2,524 0,949 0.877
NG 1,163 . 1,128 2,291  1.146  1.276
s¢ 1,202 1.262 2,554  1.328 1,469
66 1,358 1,381 2,739  1.599  1.691
RE  1.908  1.636  3.5844 2,214 2,429

Total = 11.004 10,544 21,548 11.395 11.695
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erennial rvesrass crewn in Silwood soll of different pH.

Total Ry - Byp Total 'RI Ry Total

1.871  1.428 1,183  2.611 3,561  3.321  6.882
3.214  1.685 1,407 3,002 4,955 = 4.656 94611
3,025  1.385  1.641 3,024 4,094  4.146 8,240
1.826 - 1.079  1.024 2,103 3,354 3.099  6.453
2,422 1,579 1.570 2,949  3.888  3.774  T.662
2,797 . 1.425  1.745 3,170 4,045  4.476  8.521
3,200 1.877  1.588  3.465 4,834 4.660 9,494
4.645 2,148 1,883 4031  6.270  5.948 12,218

25,088 12,604 11,841 24,445 35,001 34.080 69,081
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Table 48A. Propartion of dry matter yield of top
different pH, treated with Pfresh straw +’KH'03 and

Seil pH 5.2
Treat- '
ments Top Root Ratio Top
¢ 2,081 1,200 1.7 1.972
FS+KN 2,236 1,653 1.4 2.425
BD 2.481 1,100 2.3 2,548
PC 2,194 1.262 1.7 1.565
NG 2,370 11,146 r2il 2,169
56 2,545 1.277 2.0 2,625
66 2,792 1.370 2.0 2,892
KN 3.429 1,772 1.9 3.425
Mean 1.9




and Tooct of perennisl rvesrass Prown in Silwood soll of

composts,
Soil pH 6.2 | Soil pH 7.2

Root Ratio | Top Root N Ratio Average
0.936 2,1 2,394 1.306 1.8 1.9
1.607 1.5 2,348 1.546 1.5 1.5
1.513 1.7 3,195 1,512 2,1 2,0
0.913 1.7 2,017 1,052 1.9 1.8
1,211 1.8 2852 1.475 1.9 1.9
1,399 1.9 3.043 1,585 1.9 1.9
1.645 1.8 2,966 1.733 1.7 1.8
2,522 1.5 3.4 2016 1.7 1.7

1.7 1.8
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Table 49.



Table 49. Total dry matter (tops end roots) yield of

~ pH 5.2 o pH 6.2

Ry RII Total . RI Ryt

Comtrol  3.214 3,347  6.561  2.913  2.932

FS 3.950  3.826  1.776  4.035  4.029
BD 3.351 3.801  7.152 4,250  3.891
PC 3572 30339 6,911 2.585 2,371
N 3,573 3.457  7.030 3,418  3.341
S¢  3.795  3.851  7.644  3.896 4,151
ae 4.022 4301 B.323 4447 4.626
KN 5.464  4.937 10,401  5.659  5.833

Total 30,939 30.859 61.798 31.203 31.154
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prrenmisl ryvesrass srown in 3ilwood soil of different pH,

pd 7.2 Total

Total RI RIi Total RI RII Total
5.845 3.876 3,523 7.399 10,003 9,302 19.805
8.064 4,032 3,755  T.787 12,017 11.610 23,627
8,121 4.785 4,629 9.414 12,386 12,301 24.687
4,956 3,133 3.00% 6.1%36  9.290 8.713 18,003
6.759  4.365  4.287  B8.652 11.356 = 11.085 = 22,441
8.047 4,612 4,644 9.256 12,301 12.646 24.947
9.073 . 5.237 4,160 9,397 13,706 13.087 26,793
 11.492 5.897 5.122 11,019 17.020 15.892 32,912
62.367  35.937 33,123 69,060 98.079 95.136 103.215
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‘Table 50,



Iable 50. [Total uptake of nitrogen (in mgms) by pereﬁnial

with gﬁfaw and different composta.

Soil pi 5.2">  Soil Pl 6.2
Treat-
ments R, | R, Total Ry Ry
c 41,15 42,3  83.51  38.11  35.78
PS+KNO,  46.46  49.21  95.67 54,83  59.26
BD 44,91 46,54  91.45  52.02  48.98
PG 38.65  48.63  871.28 30,35  30.26
NG 48,52  46.22  94.74  47.15  48.93
SG 50,46 44,80 95,26  50.42  51.59
6c 50,61 56,17 106,78 58,61  59.97
K 72,35 66,34 138,69  57.20  62.91

Total  7395.11 400.27 793.38 388.69 397.68
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ryegrass grown in Silwood soil of different pH trested

Soil pH 7.2 o Total

Total R1 32 ~Total Rl ‘Rz . Total

-

73.89 40,57 42,69 83,26  119.83 120,83 240,66
114,00 44,13 43.99 88,12  145.42 152,46  297.88
101,00 64.60 62,28 126,79 161.62 157.80 319.42°

60.61  34.43  34.77 69,20  103.43 113.66  217.09

96,08 50,17  55.74 105.91  145.84 150,89 296,73

102,01  55.45 63,10 118,55 156,33 159,49 315,82

118.58  64.53 46,25 116.8¢  173.85 162,39 336,24

120,11 §2.95 62,77 135.72 = 202,50 192,02 394,52

786.37 427.02  411.59 838,61 1208.82 1209.54 2418.36
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Table 51.
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Table 51. Total uptake of phogphate (in mgm) by perennial

with straw and different composts.

Soil pH 5.2 o Soil pH 6.2
Treat- | |
ments Rl Rz Total R‘.L R2
c 26.83  23.83  50.66  18.94  18.44
PS + KN 23.37  21.95 45,32 23,80  21.63
BD 23.21  25.47  48.68  28.53  27.10
PC - 20.69  20.91  41.60  14.22 12,36
NC 24,57  23.58 48,15 20,51  20.33
SG 28.15 28,57  56.72  27.60  28.39
GG 28.68 27,10  55.78  25.75  29.89
KN %1.90 30,16 62,06  29.83  31.25

Total  207.40 201,57 408.97 189.18 189,39
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rysgrass grown in Silwood soil of Aifferent pH treated

Soil pH 7.2 Tobal

Total R, R,  Total R, R,  Total

© 37.38 23,04 20,38 43.42 68,81 62,65 131,46
45.43 18,00 16.64 34,64 65,17  60.22 125,39
55.63  26.64  25.73 52,37 78,38  78.30 156,68
26.58 14,99 14,98 29.97 49,90 48,25 98,15
40,84 22,93 23,38 46,31 68,01 . 67.29 135,30
55,99 26,85 27.18 54,03 82,60  84.14  166.T4
55.64  27.52 22,46 49,98  81.95  79.45  161.40
61.08 28,24 23,10 51,34 89,97 84,51  174.48

378,57 188.21 175.85 362.06 584,79 564.81 1149.60
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Table 52.



Mable 52. MTotal uptake of potassium (in mams) by perenniel

different oH.

pH 5.2 . pH 6.2
Ry  Ryy  Total Ry Ry
Control  40.1 36,1  T6.2 = 23.0  23.5
S 63.3 66.2  129.5  53.9 57.8
BD 4745 52.8 ' 100.2 43,0  36.8
PG 45.7  43.2  88.9  25.7 22,5
NG A7.6  45.6  93.2 35,6  32.9
§¢ °  5%.5 . 52.8 106.3 39,0 42,2
¢  58.2  63.8  122.0 4742 48,6
KN 90.0 84,5 174.5 62,8 = 62.7

Total  445.8  445.0  890.8 = 330.2  326.8
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ryeprass (tovsg and roots) grown in Silwood soil of

PH 7.2 Total

Total RI' | §II Tcﬁal Ry Ryp | Total
46.5 30,1 22,7 52,8  93.2 823  175.5
111,70 51.4 49,8 1012 168.6 - 173.9  342.5
79.8 46,7 42,5 89,2  137.1  132.0  269.1
48,2 30,0  27.9 - 57.8 1013 93,5  194.8
68,5  36.5  39.5 76,0  119.7  118.0  237.7
81,2 45,1 43,2 88,3 . 137.5  138.2 275.7
95.7 - 55.2 46,7  101,3  160.5  159.1  319.6
125.5  64.9 55,6  120.6  217.8  202.8  420,6
657,0 328,0 ©  687.7  1135.7 1099.8 2235.5
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Table 53, Total uptake of magnesium_iin mzm) by perennial

different pH.,

pH 5.2 ’ : pH 6.2 -

i1

Gomtrol  5.05  5.22  10.27 497  4.14

FS 6.9 5.3 1132 5.90  5.56
. BD . 5.63 6.38 12,01  7.27 . . 6.86
B¢ 488 471 . 9.59 43T 5.63
Fe 5.4 5.5 1110 #7.47 7.3
56 7.13 6.7 1330 T.61 745
66 5.35  5.42  10.77 6,95  6.98
KN 5.9

8 4.72 10.76 Tel5 8450

Total 45.75  43.31  89.06  51.49 50,42
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ryegrass (tops and roots) grown in Silwood soil of

pH 7.2 ‘ ~ Total

Total Ry Rit - Total Ry Bry Total

8.91  5.89  5.84  1L73 15.71 15.20  30.91
11.46 6,03 5.76  11.79  18.12  16.45  34.57
14.13  9.55 9.15 18.70 22,45 22.39  44.84
8,00  T.52  6.66 14,18 16,77  15.00  31.77
14,77 8,03  8.27 16,30 21,04 2113 42,17
15.06 8,39  7.95 16,32 23,13  21.55 = 44.68
13.93 8496  6.36 15,32  21.26 18,76 40,02
15.65  8.75  6.79  15.54  21.88 20,01 ~ 41.89

101.91 63,12  56.76  119.88 160.36 150.49 310.85
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Table 54,



Table 54. Percentawe recovefv of N, I, L, g from fresh

different pi.

Percentagée Recover of' Percentage Recover¥
applied Nitrogen (N) applied phosphate (B,0

Treat-

ments 4
' pH 22 pH 6.2 pH 7.2 Hean pH 5.2 pH 6.2 pH 7.2

BD 73,9 13.4  21.5 12,9 -T.9 T73.0 35.8
PC 2.9 -10.7 -10.8 6.2 ~43.6 =519 =-64.7
NC 7. 15.2  15.5 12,8 -11.6 16,0 15.4
SG 5,0 12,1 15,2 10.8 4.4 135 7.7

G¢ 8.8 16,8 10.4 12,0 11.0 39.2 14.1
KN 110.4 92.5 104.9 102.6 |
Mean  21.2 24.4 22.9 -12.2  21.4 =6.0
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gtraw + KH03 and conpoabs added to Silwood soil of

- Percentage Reoo#ery of
applied Potassium (K)

Percentage recover

applied Magnesivm

toe)

Mean pH 5.2 pH 6.2 pH 7.2 Mean pH 5.2 pH 6.2 pH 7.2 Mean

29.9

83,2

4.3
62.7
63.0

T2.9
57.2

5%.3

22,2
91,1
12.6

66.5

64,7
49,1

54.1

25.5

78.1
16.2
59.3
60.8
71.2
59.2

Te5
11.9
-4.9
‘62

10.8
2.7

5

18.4
35.9
-6.7
43.9
22.0
27;6

235

0.43 8.8
48,0 31,9
17.7 2.0
34,3 28,1

16,4 16,4
19.8 16.7
22..8
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Table 55,



Table

Total dry A Dry matter Dry matter

matter yield yield(roots) yield (tovs +
{(tops) roots)

S0il Soil Soil Soil Soil Soil Soll Soil Soil
o pH pH pH pH pH pH pH pH
5.2 6.2 T.2 5,2 6.2 T.2 v5.2 6.2 T.2.

Gontrol 2

KN().5

Straw + | - ,
KNo, 2. 2 31 2 2 2 2 23

W
W
N

L
3]
W
(WM
WA

Nitrochalk ' ‘ \ i )
compost = 2 23 -2 2 3 2 23 3 2

- Control 4 4 3 23 4 4 4 4 3

Nitrochalk -
- ecompost 34 4 2 2%

AN
W
=
w
RN
$o
N

Blood
compost 23 23 12

Sludge
compost = 23

W
hvg
N
N
o
W
P
A"
W
N

[yb)
ol
o
N
W
A
(62
N
w
N
W
W
N

Grass . : ' o
compost 2 2 2 2 2 2 2 2 2

]
l.—l
e
)

KNOE 1 1 1 1 1

_'Exglanation._ Treatonts with common numbers are not sigf
nificently different. fThe magnitudeé of the treatment

effect‘ﬁﬁcreases with number.
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Total N uptake Total F uptake Totval K uptake Total Mg uptake
(tops + roote (Tops + roots) (Tops + roots) (tops + roots)

Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil Soil
pi- pi- pH pH pH ©pH pH pH pH pH pH pH
5.2 6.2 7.2 5.2 6.2 7.2 5.2 6.2 7.2 5.2 6,2 7,2

2 3 3 2 3 2 4 4 41 3 2

1 1 1 1 1 1 1 1 1 1 1 1

2 1 3 02 27 25 2 2 2 1 2 2
2 2 2 2 @212 3 3 3 1 1 1
5035 4025 2. 3 5 5 5 23 2 3
25 2 3 3 2 25 4 4 4 125 1 2
25 2 .15 3 . 12 34 34 3 21 1
25 2 1231 1 1. 3 5 31 1 2
2 1 2 2 1 12 2 2 2 251 2
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CHAPTER V.

Effect of level of application of straw and bdlood compost

on yields of and nutrient uptake by ryegrass in pot tests
with a soil of varying pH.

(1)
(11)
(iid)
(iv)
(+) .

Introduction

Experimental

Results .
Discussion

Summary and Conclusions.
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Introduction.,

A study of the effect of varying levels of straw (plus
extra iitrogen) and compost on the performance of ryegrass
was cbnsidered worthwhile (a) to see whether high levels of
these materials might be toxic to the plant, (b) to find the
optimum level of application of these materials with regard
both to plant performance and rewovery of applied mutrients
and (c) in the case of straw to determine the optimum ratio
‘of straw to added extra'inprganic nitrogen.

This study was started at the same time and rum con-
‘currently with that described in the previous chapter. . In
Pact, the intermediate level of application of both materizls
was ﬁhé same as that used in the work described in the |
.previoua‘ohapter. This was done malnly to reduce the
smount of work involved, but is usefui in that results

obtained in both studies may be compared.
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Experimental, . \
This was as described in the previous chapter using

the Silwood soil which had been adjusted to three pH
levels, The straw and blood compost were each applied at
the 0.5%, 1.0¢4 and 2.0% levels., The'inorganié nitrogen
application was made as KNO5 at the rate of 100 1b,
nitrogen per acre to all three levels of straw, It was

~ decided to do this rather than jo apply the same fatio of
straw to KNO3 since it was.conaiderad thét the 1after_typ§
of treatmant would not be so helpful in indicating the
optimum ratio of straw to added inorgénic nitroggn for beaf
plant performance, The treatments used were compared with

a control and 4 KNO, (100 1b. N per acre) treatment at each

PH level, ‘ ‘ _ )

The treatments glven are summarized below:
Treatment - - Doge  Actual guantity applied Key -
E o per pot containing 500g .

805.;. | .

Control Gl - ¢
Straw + KNOy;  0,5f 2.5g. straw + 255ng K FS;
Straw + KNO, - 1.0% 5g. straw <+ 25 . . FSyp
Straw + ENOy 2,046 10g. straw + 25 - - PFSyqq
Blood Compost 0.5k 2,5g. | ‘ BDy
Blood Compost - 1,06 5,0g. BDII
Blood Compost — 2.0% 10.0g. .  BDpy

Potassium Nitrate 100 lbs. ‘ :
N/acre 25mg N KN
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Results.
" Phe results obtaincd are presented in tables and
diagrams a description of which is summarized below'
Dry natter ylelds of each of the three cuttlngs and
’:oots are shown in:
Table 56 for pH 5.2
Tablé 57 for pH 6.2
Téble 58'for pH 7;2
The nutfient percent in each tutting and roots at the
three pH 1évé1s is shown ins | | | |
| Table 59 for nitrogen
,TableIGO for phospﬁorus
Table 61 for potaSsium
Table 62 for magnesiun | _
The total u@také of mutrients in each eutting and roots
" at each pH levei is shown in:
Table 63-~65 for nitrogen
Table 66-68 for phoaphorus
Table 69-11 for pofassium
Table 72-74 for magnesium
The - cumulative uptake of nutrients in the tops (i.e. in
the 1st, lst + 2nd and lst(+ 2nd + 3rd cuttlngs) is shown in}
‘Table T5 for pH 5.2 '
Table 76 for pH 6.2 -
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Table 77 for pH 7.2

These values were used to construct Flgures 11, 12, 13
and 14 for nitrogen, phosphorus, potasslum and magnesium
;respectlvnly.

Figures 13421 ghow, for each 1efe1 of atraw and for
the controls and KNO treatments, the comparetive effects
of pH on total bop yiélds, root yields, top + root yields,
and total uptake of nitfogep,'phosphorus, potassiu¢ and
magnesium;“lﬂigures 2228 show the results for each level
of flobd coﬁpost treafment. All ﬁheSGVValucs ﬁere derived
from Tuble 78. o

The pereenﬁage rédovery‘df added nutrients by ryegrass
for the four nutrients at eacﬁ,pﬁ level is shown in Tﬁble .

InVWhat follows if must bé uﬁderstqod’that when a
"straw" treatment is mentioned; tﬁié refers in fact to
 etrew + KNO. |

Statistical significance of totel dry metter yield and
total upta.ke of W, P05, K, Mg for the different tresiments
included in this experiment has béen summarised in Table 80,

Table 81 to 101 vhich contain stetisticel analysis are

in the appendix,
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1. top vields -f TVPFTQSQ. (mnble 78 ond Fiuukvlﬁ and 22)

VWhen requ]tq for thn +reatments were averwged over the
three pH levels total top dry matter yielas of ryegrass

- werc in the order:

KN Eﬁi—-—-—-——mnx' BDyy 'BDy ‘ESyp  C ISy

L L SR i, 0. Wb

(As in the previous cb opter the res t are in éeoreasing
order and trea*ments over a ¢cmmon line did noi give
51gn11¢csnt1y aifferent results).

Vhen individual pH levels. ave considercd the order of
yields wass - | |
PH 5.2 Ki BBy ¥ BDo PO ¥ G ESppp

PH 7.2 @QIII ‘FSI KN BDII. 'BDI - C FSII FSIII

The main differences due to pH are (a) KNO7 save
31gnif1canily higher ton yield than did all other ireatments
conly at pH 5.2. At pH 6.2 and 7.2 the 2% blood compost and
thg 0.5 straw +VKNO3 treatments gave as high ylelds as aia
, KHO5 ana‘(b) the 2% straw + KNO3 treatment guve significantly
lower yilelds than did the control only at pH 5.2,

When sll treatments were averaged differences due to

pH were:

ol 7,2 pH 642 pH 5,2
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Results due to iﬁdividual treatments at each pH weret

c pH 7.2 pH 5.2 pH 6.2
PSy pE 7.2 pH 6.2 - 3.2
FSyg PE6.2  pHT.2 pH 5.2

111 PH 7.2 , h): 4 6.2 pH 5.2

BD; pH 7.8  pH 6,2 pH 5.2

BDyq H7.2 pi6.2  pH5.2
BDyyy . PH I.2. ;‘IL_—.&. lﬁi;i;g
KN pE 7.2 v.pg_sz_ gnﬁ',g

It is seen ﬁhat with the gtrawv treatments there were
no significant differances in top yielas between pE 7.2 and
6,2, whilst yields at pH 5. 2 were usually 1ower than at pH
T.23 W1th the %100& compost traatments $op yield at pH
7.2 were always greater than at the two 1ower pH levels, |
with usually no aignificanx differences between the two
| lower PH levels. |
V From Fig, 15 it is seen that the 0.5% straw level
inereased top yields in comparison with the control only
| at jH 6.2:and T.23% ’the higher levels‘of straw eiﬁhet had
| no effect.on'or‘in the case of 2% straw at pH 5.2, reduced
top yields. “Increasing levels of blood éompoét had no
effect on top ylelds (Fig. 22) at pH 5.2, whilet at the two
higher pH levels ylelds increased with level of blood composts



|  PLATE 5A.
Comparative growth of perennial ryegrass grown in = -
Silwood soil of 3 pH levels in the treatments control
(C) and potassium nitrate (EN-100 1bs. N/acre). ts shownn
Photograph was taken before the lst cu’cting when the
rlants were 77 days old.
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Root ylelds of”zyeg;ass. (Table 78 and Figs 16 and 23).

~ Vhen results for the treatments were averqged over the

three PH levels root dry matter yields were in the order:
Eyp BBy FS;y; By £

“KN’ FS; BDIII‘
At each pH 137@& the ordexr of root yields due to
treatments were: " I

pE 5.2 KN‘ FSII BDIII FSI T ‘FSI ' BDI C "BDII

o —

B ‘16‘2' EN_ES; Bhyyy ESpr.. 8D BDiI‘ FSIII £

The main differenees due to pH were (a) the 0 5% atraw
level gave higheat root yields only at pH 7 2;- at pH 6.2
this treatment gave higher root yields than 4id the higher
atraw 1evals, whilst at pH 5, 2 there were no differences in
root yields due to level of straw and (b) the 2% blood com-
4post gave higher root yields than did the lower 1evels'o£
hlood compost only at pH 6.2,

Differences due to pH when all treatments were averaged

were:

- pHT.2 pH 6,2  pH 5,2 |
Differences due to pH with,individual treatments are

given on the next psge.



PIATE B.
Comparative growth of perennlal ryegrass grown in
Silwood so0ll of 3 pH levels in the trea‘bments - straw
(FS~-0.5%) and blood compost (BD-—O 56) ts Showon
Fhotogreph was ‘caken before the lst cutting when thAe: ‘
plants were 77 days old.
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° CopE7.2 _ pH 5,2 DH 6.2

Sy DET.2 pH 6.2  pH 5.2
FSyr PH 3.2 . pH6.2 _ pHT.2
'FSIII pH 7.2 pH 5.2 pH 6,2
BD; H7.2  pH6.2  pHS5.2
BDyp - PH 7.2 pH 6,2 pE 5.2
KN pH 6.2 2H 7.2 pH 5.2

The main differenCes/due o treatmenf were (a) théré
were little differences in root ylelds due to pH with the
straw treatments and’(b)yigg blood compost treatments
yields were always lowér at pH 5;2 than at %he two higher
pH levels. | | |

The general pattern of response of root yields to
increééing level of straw (Eig. 16) was pimilar to that of
top yields, the main effect being that root yields were
increased only with the 0,5% straw treatmenté, and then only
at the two higher pH levels. With regard to level of
blood compost (Fig. 23) only at pH 5.2 did root yields |
increase with level of this maﬁerial. At thé otheyx twb,pE
levels the 0.5% and 2% blood coripost levels gave the highest

yields.

combinéd tops and root yields. (Table 78 and Figs. 17 and 24)

When treatment effects were averaged over the three pH



PIATE 5C.
Comparative growth of perennial ryegrass grown in

Silwood soil of 3 pH levels in‘the treatments -~ straw
(FS-1%) and blood compost (BD-1%).is =hr>n

Pnotograph was taken‘before 1st cutting when the plants
were 77 days old.
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levels the order of top + root yields was:

Bl I8y BDppy BDp  BDyy FSyy S8 Fogpy
When the individusl pH levels are considered the order

wags:

o

PH 6.2 KN ESy BDppy BDpy Foyy BDy  ESpygp

Seovsrsrte—
w———y

The main differences due to pH were (a) KNO gave the
highest yields only at pH 5.2 and 6.2; at pH 7.2 0.5/ straw
gave higher yields than d.idKNO3 and (b) 27 straw'gaVG lower
yields Then did the control at pH 5.2, higher yields ‘than
the control at pH 6.2 and comparable yields at pH 7.2,

When ‘the :ésults of the treatments were averaged the
differences duve to pH weres

pH 1.2 pH 6.2 pH 5.2
Vhen the individu&l treatments were compared at sach

pH level the order was:

¢ pHT.2  pHS5:2  pE6,2
By  pE7.2  pEG:2 - pH5.2
i1 pH 6.2 oH 7,2 TH 5.2
FS;p;  ME 7.2 pE6.2  pH 52
BDy H7.2  gE6.2  pE 5.2
BD;y  pE7.2  pH 6.2 pH 5.2

BDyy;  BE 7.2  pH 6.2 pH 5,2
KH PH 6.2  PHT,2  pH 5.2




PLATE 5D.
Gomparétive growth of perennial ryegrass grown in
Silﬁood s0il of 5 pH levels in the treatments - straw

Shotdwn s ‘

(F5-2%) and blood compost (BD-2%). '*
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The highest ylelds of tops + roots in nearly every case
occurred at pH 7.2, although,with the 1% straw and KN03
treatment yields were not significantly poorer at pH 6.2
than at pH 7.2, With the blood compost treatments yields
were always lowest at pH 5.2, '

B The general pattern of response of top + root yields
to inereasing level of straw application (Fig. 17) was
similar to that for top ylelds, wz. increased yields in
comparison with the controls only with the O.Sﬂ straw level
and then only at pH 6.2 and 7.2; also, reduced yield in
comparison with the control at pH 5.2 with the 2/ straw
‘treatment, - With regard to increasing levels ©f blood
compost (Fig. 24) yields were barely increased at pH 5.2,
but at pH 6.2 and 7.2 ylelds increased with level of
applicatieﬁ, although fhere was 1little differénces in yields
between the 0.5% and 1,07 levels. |

Uptake of nitrogen. (Figs. 11, 18 and 25). ’
The cumulative uptake of nitrogen in the three cuttings
of ryegrass is shown in Fig, 11 ®r the threé pH levels.
At pH 5.2 most of the cumulative uptake curves tended to
‘be more or less parallel to each other. The exceptions
were the 1/ and 2% straw treatments whih resulited in an
almost linear relationship between nitrogen uptake and
cuttings whereas the other'treaxménts, including the control
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resulted in progortionately less nitrogen uptake with
successive cuttings, At pH 6.2 all the straw and blood
compost levels resulted in an almost linear uptake of
nitrogen with successive cuttings, in contrast with the con-~
trol and KNO3 treatment, where uptake fell off withl
successive cuttings., At pH 6.2 there was also a very
definite tendency for the two higher straw levels fo cause.
an initial lag in nitrogen uptake, so that proportionate
uptake was greater after the first £ﬁttingu At pH 7.2
only the 2% straw and 25 blood compost treatments tended
to show a linear uptake of nitrdgen with succeséive treat-
ments.v o

The decreasing order of Yotal nitrogen uptake (by

combined tops and roots) due to treatments is showm below
when the results were averaged over the three pH levels:

ESy DDy BD; FS; & oy

KN BD:rp
At the individual pH levels total nitrogen uptake

decreased in the order:

e ————

11 11z ©

- pH 6.2 BDIII KN FSI FSII‘ BDI BD TS

P 7.2 BBryy RN BOyy FS;. BBy ESpy O FS;yy
'The main differences due to pH were (a) kW04 gave

highest nitrogen uptake only at pH 5.2 (b) at pH 6.2 2%



PLATE 6.
Growth of perennial .rye‘grass, in S:ilwood s0il of 5 pH
levels in the treatments -~ control (C), straw (¥S) and
blood compost (BD) at 0.5%, 1% and 2% level, \s shown:
: Phofograph was btaken beforethe Erd‘ cutting when the
plants were 105. days old after 2nd cutting.
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blood compost was as effective as KNO, whilst all
treatments except 2% gtraw were 8s effgctive ag KHO3 and
(e) at pH 7.2 all treatments except the two higher straw
levels were equally effective in increasing totgl nitrogen
uptaké; | B

The effect of PH when all ireaiments were averaged was:

pH 7.2 pHE 6,2  pHE B.2

The effect of pH for the individual treatments were

¢ pH 5.2 pH 7.2 PH 6,2 |
CLoPSp pH T.2 pH 6.2 H 5,2

FSqq PH 6.2 ‘ pE 5.2  pH 7.2

FSIIIj -pH 6.2 ‘ pH 7.2 pH 5.2

BD;  pH T.2 pH 6.2  pH 5.2

KN pH 5.2 pH 7.2 __ PH 6.2

The main differences due to treatment were (a) there
were no significant differences due to pH in total nitrogen
uptake with the control, 24 straw and KNO, treatmeﬁts, (p)
the 0.5% straw and 2% blood compost treatments4resulted in
the lowest nitrogen uptake at pH 5.2;and (c)‘the 0.5 and
2% blood compost treatments resulted in reduced total

nitrogen uptake with decreasing pH, although differences
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were not always significﬁnt.

The generél pattern of response of total nitrogen
upfake to inoreasing level of application of straw (Fig. 18)
was similar to that obtained with total dry matter yields
(ef. Fig. 17),1exoépt that at pH 6.2 total nifrogen uptake
was similar between the 0.5) and the 1% straw treatments
whereas dry matter yields were lower with the latter treat-
ment. The pattern of fesponse in total nitrogen uptake to
increasing level of application of blood compost (Fig. 25)
was also similar to that for total dry matter yields (ef.
Fig. 24); nitrogen uptake increased with level of
application df blood compost and it was only at pH 6.2 that
nitrozen uptaké at the b level of compost was significantly

greater than at the lower levels of compost.

Uptake of phosphorus. (Figs. 12, 19 and 26)

The cumulative uptake of phogphorug in successive
cuttings of ryegrass at each of the three pH levels is

shown in Fig, 12. At pH 5.2 the phosphorus uptéke curves
tended to be parallel, except for the two higher levels’of
straw, where phosphorus uptake with successive ocuttings
decreased proportionately at a greater rate thandld those
with fhe other treatments, At pH 6,2 the control and KHO5
treatment showed decreasing phosphorus uptake with

successive cuttings; except for the»two-higherwlavela%mg'
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all other‘treatments showed linear uptake with successive
cﬁttings, excepf'for the two higher levels of straw which
showed relatively poor uptake of phosphorus in the first
cutting. At pH 7.2 the two higher levels of straw again
caused relatively poor phosphorus uptake in the first
compéred with the later cuttings., The zﬁblood eompost
treatment showed linear uptake of phosphorus with successive
Cuttlﬂoo, whilst the other treatments showed relatively
poor phosphorus uptake in the final cutting compared with
thet in the previous cutting. |

The total phosphorus uptake (combined cuttings and roots)

due to treatments averaged over ‘the three pH levels decreased

in the order:

(@]

Brr  Eyyg

11

BDr; KN F8; BDp B

Phoséhorqs uptake at each pH level decoreased in the

orders:

The main differences due to pH were (a) the significantly
lower total phosphorus uptake with the 2% straw treatment
than from the control which occurred only at pH 5.2,
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(b) the 0.5% straw trestment was ome of the nmost effective
in increasing total phosphorus a2t pH 6, 2 and 7.2 but not
at pH 5.2‘apd (e) the KNO3 treatment was more effective
than 27 blood cdmpost at pH 5.2, bul the reverse was true
at pH 7.2. | S

Differences in total phosphorus uptake due o pﬂ
averaged for all treatnents weres

pH 6.2 pH 7.2  DE 5.2

- For the individual treatments differences due to pH werel

c - o pH 5,2 pH 7.2 . pH 6.2
FS¢ pH 7.2 pH 6.2 pH_5.2
FSIII pH 6.2 pH 7.2 = pH 5.2
BDyp pH 6.2 pH 7.2 PH 5.2
BDIII‘ | P 7.2 pH 6.2 pH 5,2
KN - pH 5.2 pH 6.2 pH 7.2

The main differences due to treaiment were (a) with 1%
straw the 1owest’phoaphorus uptake occurred at pH 7.2,
whilst with the two other levels of strawvlowest phosphorus .
uptake occurred at pH 5.2 and (b) the blood compost treat-
ment usually showed the lowest phosphorus uptake at pH 5.2,
although differences due to pH were not always significant,

The genersl effect of increasing level of straw
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application on total phosphorus uptake (Fig. 19) was
similar to that on total dry matter yields (cf. Pig. 17)

in that maximum uptake occurred with the 0.5% siraw level
and then only ét'leG.Z and}7.2; | However the magnitude of
the differences in phosphorus uptake due to level of added
straw was much less fhan in dry matter ylelds. . Increasing
the level of added blood compost had no significant effect
~ on total phosphorus uptake at pH 5.2 (Fig. 26) iﬁtA:esulted
in slightly inoreased uptake at the two higher pH levels;
however, there were no aignifieant~dif£érenoes between the

‘0.9% and‘l.o% bload cbmpcst levels,

Uptake of potassium. (Figs. 13, 20 and 27)

It must be borne in mind that all ”straw treatments“
included appliceticn of potassinm as KNO3. '
The cumulative uptake of potaasium in the three cuttinga

of ryegrass at the three plH levels is shown in Pig. 13.

At pH 5,2 after the first cutting all the uptake curves
tended to parallel each other, At pH 6.2 the proportionate
uptake of potassium in the final cutting due to the blood
compost treatments was greater than for the conirol or KNC)3
treatment, The straw treatments, pariticularly the highest
level showed proportionately the greatest uptake of
potassium in the second cutting, but maintained this

difference into the final cutting., At pH 7.2 results were
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similar to those at pH 6.2, except that with the 2% straw
,tredtmnnt thevuptake of potassium was proportionately even
greateryin the final cuttingl | | |

‘The total potassium uptake (combined euttings and roots)

due to treatments averaged over the three pH levels
'decreased in the order: . 1 | ,
KN FSI BDryy . S FSII FSypy BDrp...BDr €

At the individual pH levels the orders were:

PH 5.2 KN FS; FByy  BDpgy By BSppp BDp ©

D

PH 6.2 BSp KN T5;; By By Bopp By O

wir——

PH 7.2 FSp BDygy KN FSpy FS;p BDpp BDp G

The main differencea.ﬁue’to pH were (a) at pH 5.2 total
potassium uptake was significantly lower with 0.5% straw thah
with‘KNOSg but this was not so at the two higher pH levels
and (b) potassium uptake with 2% blood compost was comparable
‘with that with 0.5 straw only at pH 5.2 and 7.2. |

The grder of to%al potassium uptake due to pH averaged
‘over all the treatments wams

pH 5.2  pH 7.2 pH 6.2
With the individual treatments‘the orders were3 (see

next page)
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¢ g pH 5.2 . pH 7.2 PH 6.2
FSqq pH 5.2 1K 6.2 TH 7.2
FinI PH 7.2 pg 6.2  pH 5.2
BDy pH 5,2  pH 7.2 pH 6.2
SDII" "pH 5.2 pH 7.2 pH 6,2
Kf¥  pH5.2  pE6.2  pH 7.2

The main differences due to fréatment were (a) with
the lowest level of both organic materials there wnr§ ho .
differences in total pofassiuﬁ'uptakelaﬁe to pH3 this
apﬁlieﬂ also with the 2% stréw application and (b)‘the 1%
and 2% blood compost treatments resulted in the lowest
total votassium uptake st pﬁ 6.2, | ,
~Increasing the level of straw application resulted in
optimum uptake of total potassium with the 0.5% straw level -
at all pH #alues (Fig. 20), Potassium uptake décreased |
with further inereéaing level of straw, but even with thg_'
2% gtraw level uptake was sfill greater than with the cdntroi;’
Increasing the level of appliéatién of blood compost‘(Fiéf_
27} resulted in almost 1inear increase in uptake of total
potassium at all pH levels. The extent of ingréase was,
nowever, less at pH 5;2 than at the two other pH levels. .
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Uptake of magnesium. (Figs. 14, 21 and 28)
v The cumulative uptake of magnesium in the three
cuttings at the three pH levels is shown in Fig. 14. At

PH 5. 2 the main effect due to treatment was that all treat-
ments except the o7, gtraw level showed reduced uptake of
magnesium with succeSﬁiva cuttings after the Pirst, At
pﬁ‘6.2‘th¢_contrpl apﬂ‘KNO3 treatment BhPWBd proportionately
greater reduction in magnesium uptake 1; the final’cutting‘
than did the other treathents, At'gﬁ 7;2 all‘the straw
treatments shoﬁed proportionately raduced ﬁagnes;um uptake
in fhe'finai outting~compared.with,the:other treatmenté.

The dotal m%gesiw# uptake (combined cuttings and roots)
averaged over the three pi levels decreased in the order:

BBrr;  BDpr..BSy KN BDp FSyp O FSpypp

- A%t the individual pH levels the oraers were:!
P 5.2 BBryy . BDyp. FSyp B0y FSy KN C  ESyyy-

a———

PH 6,2 §QIII KN BD;; FSI QDI FSII C EQIII‘_

——

-

PH 7.2 BDypy ESy BDpy KN BD; BSpy G Fogqq

The main differences due to pH were (a) at pH 5.2 there
were no significant differences in total magnesium uptake
between any of the treatments with the exception of 2% straw
where magnesium uptake was lower'thah with the other treat~

ments and (b) magnesium uptake due to 2% blood compost was



C g b

Uptake

of Moagwestumy (my/feev)

n.s
"o

‘Q. B

00

9.5

I\.b ' (1B 73
" h ‘\'
So\ El'\ S Sol o 6.0
‘Q\E’ lpvs
st it ol wo 2 ‘60
a5 2.5

0| Bbyke-

&pe

Sarl heda gLy}

Bpa
Sy

FSa °s
/
€53 °*
°.9 o-© stax oo Ty Ty St atnd
- ) - A=
15t st asd is‘t:‘t 1k steimd, ‘,ﬂ_“‘ ' anad +3-q
—_— CUTT I RS ——p

TG 14

—— Y T TG e

e VT IS S —



228. 

clgnificantly higher than that due1to all other treatments
only 2% pH T;2.
| Thze order of magnesium uptake due to pH averagea over
all treataents wag: ,
| pi 7.2 pH 6.2 $H 5.2
“For the individusl treatunents the-orvders were:

o pH 7.2 pH 5.2 . pH 6.2
F3¢ PH 7.2 tH 6.2 pH 5,2
PSyq PH 7.2  pH 6,2  pH 5.2
PSrpp  PE1.2  oH6.2 g 5.2
BD; pH 7.2 PH 6.2 P 5.2
BDII DH |2 DH 6.2 DH'SDZ
BDr1p PH 7.2 . pH 6.2 pH s.g
o) »H 6.2 nE 7.2 pH 5.2

The main diffevences duc to treatmont vere (a)‘tofal
magnesiun upitake was signifieantly‘higher at pH 7.2 than‘at
~the two lowexr pH levels with all levels of blood cdmpoét-
and (b) with the straw treatments nagnegium uptake was
significantly higher at pH 7.2 then at the two lower pH
‘leveis only with the lowest level of straw. o

- With increasing levél of application of straw,aptimum
‘uptaké of magnesiun occurred at the 0.5% level at pH 6.2'
and 7.2 (Fig. 21). The higher levels of application

resulted in reduced uptake. Uptake of magnesium was not
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significantly affected by increasing level of application
of blood compost (Fig, 28) at vH 5.2, but at pH 6.2 and
T2 ﬁhére'Was an almost linear increase,with.rate of

applicotion of blood compost.

Top/root dry matter ratios. (Table 78)

The most consistent effect to be noted with regard to
f&p/root ary natter ratios was that the lowest ratio was
ohtgined with the 2% stqu freatment at all three pH levels.,
The highcst top/root ratio was obitained with 1% dlood com~ -
post treatment at pd 5.2 and 7.2 and withrthe control a%

PH 6.2, - 'ihere were no great differences in top/root ratio

among the other treatnents at any‘pH._'

Percentnge recovery of spplied nitrogen. (Table 79)

The percentage recovery eof applied nitrogen from the
various treatments(obtaine@ﬁy subtracting the total nitrogen
taken up. in control pots from that taken up in treated pots
and expressing the result as a percentage of thevnifrogan
applied) is shown in the first three columne of Table 79 for
scils of pH 5.2, 6,2 2nd 7.2, Negative values indieate
fhat not only was none of the 2pplied nitrogen recovered,
but that the treatment resulted in immobilizaﬁion»df some of
the native soil nitrogen. |

'With the straw trestments recovery of applied nitrogen

at pH 5.2 was low with all levels of straw and was in faot
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negative at the highest level. At pH 6.2 about half the
applied nitrogen was recovered wilth the 0,5% straw level,
about one-~third with the 1% straw level and a negligibie
amount with the 2% straw level. At pH 7.2 again about half
the applied nitrogen was recovered with the 0.5¢ straw level,
‘but negligible amounts were recovered with the twp‘higher
levels. | | ‘

The differences in recovery of applied nitrogen between
the KNO3 treatnents and the straw + KNO3 treatuents indicates
the extent to which the applied nitrate-nitrogen has been
immobilized byithe stréw. Thus at pH 5.2 all the applied
nitrateuhitrogen was immobilized by the 0.5 and 1,0% straw
levels, whilst with the 27 straw level all the applied -
nitrate-nitrogen and in addition some of the native soil
,'”nitrogen wag immobilized.

With the blood compost treatments at pH 5.2 there was

only slight raéovéry‘of applied nitrogen with all three
levels of compost, At pH 6.2 about one-third of the gpplied
nitrogen was recovéred from the 0.57 compost level, about
one-seventh from the 1% and about one-sixth from the 2%
compost level. At pH 7.2 results were gimilar to those at
‘pH 6.2 except that recovery of nitrogen was momewhat higher

with the 1% comvost level.

Percentage recovery of applied phosphorus. (Table 79)

With the straw treatments there were great differences :
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in recovery of applied phosphorus due to both pH and level
of straw, The general effeet due to pH was that récovery
was higher at pH 6.2 than at pH 5.2 and 7.2. The differen—
ces due td pH were particularly great‘wifh the 0,5% straw
level; at pH 5.2 there was a fair amount of phospharus
immobilization, at pH 6,2 all the applied phosphorus was
recovered and in addition an amount of native soil phosphorus
equal to that applied, whilst at pH 7.2 all the applied :
rhosphorus and an amount of native phosphorus almost equal
“to thet anplied was recovered¢'<'With,incréasing straw

level there was still immobilization of native phosphorus at
the twolhigher straw levels at pH 5.2; at pH 6.2 phosphorus
recovery decreased fapidly withﬂincréaéing level of straw |
and was negligible with the 2% straw treatment; at pH 7.2
phosphorus recovéry also decreased rapidly with increasing
level of straw with a fair amouhx of immobilization
occurring with the 1% and a'sliéhf»amOunt With the 2% straw.

level.'

Withe the_blood compost ireatments thefe were not such
great differences in phosphorus recovery due to pH and come-
post level as with the sfraw treatments. The effects of
the treatments were usually similar to those of straw, viz,
with higher phosphorus reccovery oceurring at pH 6.2 than at

PH 5.2 or 7.2 and with phesphorus recovery except at pH 5.2
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usually decreasing with increasing level of composf. AL
pHd 5,2 there was mére immbbilization due to the 0,5% than
the 1% compost level, whilst there was some recovery of -
applied phosphorus with dthe 2% compost level. At pH 6.2
reco#ery of applied phosphorus was almost complete from tha
0.5% compost level and. decreased with increasing level of
compost so thet about half the applied phosphorus, was
recovered with the 27 conmpost treatment. At pH 7.2
recovery was‘complete fron thg 0.5 compost level and sbout

half complete at thoe two higher levels.

Fercentage recoveix of aggliéd nbtasaigg. 1(Table 79)

The recovery of applied potassium was not affected to
such a grea% extent by pH or level of applied organiec
material as was recovery of applied phosphorus, The general
effect of pH was for.reeovery'té be higher at pH 6.2,and 7-2
than at pH 5.2 and the general effect of level of added
organic material was for recovery of potassium to décrease‘
with increasing level, |

With the straw treatments at pH 5.2 about half,the

applied potassium was recovered from the 0.5 straw level,
about a guarter from the 1% level and a smell amounﬁ‘from
the 2/ level. At both pH 6.é and 7.2 about three-quarters
of the applied potassium was recovered from ithe 0,55 étraw

level, about a guarter from the 1% and about an eighth from |
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the 27 straw level.
The differences in recovery of potassium between the
KE’O3 treatments and the straw + KNO3 treatments indicates
the extent to which the straw has immobilirzed the applied
Kﬂb3—§otassiun. With the 0.5% straw 1eve1 ot pH 6.2 and
7.2 it is noted that the recovery of KNOB-pota ssium was
higher than when.KH03 was applied by itself. At the other
| 1evels of'pH and sfraw'ﬁﬂps-potassium was'imﬁobilized. - The
extent of immobilizatibn‘was greatest wilith the highest level
of straw, amounting to about two-thlrds oi that applied at
.pH 5, 2, about half of that anplied at pH 6 2 ﬂnd about one-
thlrd of thot applied at pH Tel2e _
Tith the blood compost treqtneﬂts recovery of applied

potassiun was cemplete or nesrly compl te with all levels of
compost at pH~7.2; with the 0.5% level some of the native
potassium wasvfaken.up in addition. At pH 6.2 all the
applied and some of the native potassium was recoversd with
the O,Bﬁ compost treatmeht, whilst with the two higher
levels of ooﬁpost‘about three quarters of the applied pot-
assiun was recovered. AT pH 5.2 about two-thirds of the
applied potassium was recovered from the 0.5% and 1% eompost

levels and about half from the 2% 1eve1,

Percentage recovery of applied magnesium. (Table 79)
The generak effect of pH on the recovery of applied

| nagnesium was for recovery usually to increase with pH,
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whilst the generalveffect of applied'organio material was
for recovery of appiied magnesium to decrease with
“increasing levei of material, |

With the straw treatments at pH 5.2 recovery of applied
magnesium was low at all strgw levelss in fact there was
sqme immobi1izati9n of native soil<mégnesium with the 2%
straw treatment, At pH 6,2 aboﬁt three-quarters of the
magnesiun waévrécovered from the 0.5% straw treatment, about -
one~fifth from the 1% straw treatmént, whilest there was
slight}iﬁmobilization of native smoil megnesium with the 2%
atraw treatment. At pE 7.2 all the applied magnesium was
recovered f?om the 0.5% straw level and only small amounts
from the iwo'higher levels. _ |

~ With the blood compost treatments at pH 5.2'reaovery

of applied magnesium decreased wifh level from about oned
eighth of that applied in the 0.5% level of about one-
fourteenth of that applied in the 2% level, At pH 6,2
there was a small decline in reoévery of applied magnesium
due to level of compost; with all treatments about one-
third of the applied magnesium was recovered from the 0.5%
and 1% levels and about one-third from the 2% level of

compost,
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Discussion,
The results obtained in the previous section will be
discussed (a) with respectlto the effects of increasing

level of straw + KNO., in relation to the control (untreated)

80il as wellnas to tie KNO3-treated goil at each pH and
(b) with respect to the effeet of increasing level of blood
conpost in relation to the control soil at each pH.

The general effeot of the straw (+ KNOB) treatments
were similar at pH 6,2 and 7.2, but were different at these
two pH levels than at pH 5.2. At the two higher pH levels
root and top ¥lelds and uptake‘of 2ll nutrients except
potaésﬁum increased with ‘the 0.%%. straw level, then decreased
with the 1% straw level and decreased further, ‘though not to
such a great extent, with the 27/ straw level, At pH 5.2
on ‘the odither hand the generalveffect was for ylelds and
matrient u@take to be hardly affected by the 0.5%-and 1%
straw levels and usually to be reduced slightly by the 2%
straw'ievel. Also, with théi% straw treatment the effects
on yields and nutrient uptake were similar at all pH lévels;
with the 2% straw level there were small, though not always
significant differences, due to pH, thé‘general decreaéiﬁg
order being pH 7.2, pH 6.2 and pH 5.2, |

The actual effect of straw, irrespective of the KRN0
added with all straw levels, 1s obltained by comparing the

three straw levels + KNO3 with the KHO3 treatment. The
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order of yiélds and nutrient uptake together with
indications of significant differences or otherwise are
shown for these four treatments in the npper portion o£ |
Table 180. This table shows that at pH 5.2 the 0.5% straw
level had a deleterious effect on yielde and nutrient
uptake; at pH 6.2 there was no such deleterious effeot;.;
whilst at pH 7.2 the straw eithg: had no effect on or.
improved the performaﬁoe of the ryegrass., This is rather
surprising in view of the fact that since microbial activity
tends to increase with pH (a2s shown by increased carbon |
mineralization with increasing rH in Ghaptér I1I) we would
expect gfeaﬁer immobilization of KNOg-nitrogen and oﬁher\ |
mineral nutrients at the higher than at the lower pH levels,
thus resuiting in poorerAperformanee of the ryegrass at the
higher pH levels. The explanation for this anomaly '
probably lies in the fact that with this low 1evé1 of added
straw the ryegrass roots were able to compete effectively
for nutrients with +the micro—orgahisms deconmposing the straw
at pH 6.2 and 7.2 but not at pH 5.2, This is confirmed by
a study of the cumulative ﬁptake curves of the four nutrients
at thé three pH levels with the 0.5% straw treatment. It
is noted with all nutrienf; but with nitrogen in particular,
that their cumulative uptake tended to parallel that of the
KN03 treatment at pH 5.2, whilst at pH 6.2 and 7.2 the
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cumulative uptake Increased to 2 greater extent with
successive cuttings where 0.5% straw + KNO3'than where
only KNO3 was applied.

7 The'carbon/nitrogen ratios of the straw treatments +
KHO3 were 23, 32 and 40 for 0.5%4, 1% and 25 straw respéo—
tively. The ratio of 23 fyv the 0.5% straw + KN03 treat-
ment is similar to that for a gocd'compost, thus it is not
surprising that,:at least at the two higher vH levels where
. conditions for growth‘ére generally satisféctory, uptake of
nitrogen an?@ther nutrients should be good. In fact, it
is 1nterest1ng to note that the perfornance of the ryegrass,
both w1fh respect to yields and nutrienﬁ uptake, was as good '
with 0.5% straw + KNO3 as with the 2% blood oomvost treatment
and was usually better than with the 0.%% and 14 blood
compost treatments, ‘ |

When the 1e#e1 of straw was increased from 0.56 to
1% or 2% the performance of ryegrass was poorcr at all pH
levels, At pH T.2 performance was qually pooi between the
1% and 2 straw levels, whilst at pH 5.2 and 6.2 performance
was usually poorer with the 2% than with the 1% straw level,
With the 27 straw treatment all the KNOS-nitrogen wasg per-
manently immobilized (at least insefar as this crop of
Tyegrass was concerned) at all pH levels, With the 1% straw
- level virtually all the KNOs-nitrogen was immobiliéed at pH
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5.2 and 7.2 whilst at pH 6.2 about 40% of the KNO,-nitrogen
was available to the grass. The possible reasons for this
have been diseussed in the previous chapter, ‘the general
conclusion being that é pH in the région of 6,5 was optimum
for nitrogen mineralization but not for nitrogen immobiliz-
ation by minro-organisma. |

It might well be that if extra inorganic nltrogen had
been supplied with the higher levels of straw (so as to
maintain the carbom/nitrogen ratio of the added materials
around 20) then the performance of ryegrass might have been
as.gooa 28 or better than.with the 0.5% straw + KNO3 treat-
ment, Under field conditions however the possible toxic
effecté of heavy dressings of inorganic nitrogen fertilizers
on seed germination and seedling growth must be considered.
In addition, if rainfall is heavy or if irrigotion is
practised the loss of a high proportion of the applied
~inorganic fertilizers by leaching may occur, Furthermore,
the presence in the soil of a high proportion of undecomposed
or partially decohposed organieﬁmaterial may make for
difficulties of cultivation, especially for seedbed prepara~
tlon, and woﬁla also supply 2 very suiteble medium for the
'developmént of plant pathogenic organisms. All these
points lead to the conclugion that it would be undesirable

and uneconomic to apply heavy dressings of undecomposed plaht
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material such as straw to the soil, Small dre331ngs, €.8,
in the case of straw an 0,55 1eve1 (equivilent to 5 tons
per acre-7 in. of soil) together with sufficient extra
inorgenic nitrogen to gm the added material a carbon/
nitrogen ratio of ebout 20 should be helpful providing soil
pH is not t00 lovi. Under tzese conditlons growth stimula—
tion may be comparable Wlth th + obtained with the appliea—
tion of inorganie nitrogen alone. The presence of straw
would be pertlcularly helpful in 1ight-textured soile by
helping to improve their water- and nutrient~holding capacity
and in heavy soils by helping to improve etructure and
drainage., 1In. additlon, the residual effects of the straw
would be helpful to a ﬂilowina crop.

' The general effect of 1ncreaeing 1eve1 of blood compost
was that both yields and nutrient uptake increased with
increasing level of appllcation more at pH 6 2 and 7.2 than
at pH 5.2, Fer any given level of compost response ueually
decreased in the order pH 7. 2, pH 6.2, pH 5 2. Thus it
would appear that nutrient availability from the compost 1sk
related to microbiological activity, which in turn usually
tends to increase with pH. '
~ There were considerable differences in the extent of
- increases in yielda and nutrient uptake with increasing level
of compost, Thue, at pH 6.2 and 7.2, potassium and magnesium
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uptake were incressed to agreater extent than were nitrogen
and phosphorus uptake or top or toot yields.- ‘At pH 5.2
;oniﬁhe other hafid increasing level of compost usually had
no Signfficant effect on yields or nutrient uptake (see
Table 80 lower portion); 4t was in fact only with potassium
that uptaké increased with level of compost, whilst for
nitrogen it was only the 2% compost level whichAincreased
upteke, This confirms the fact that if heavy applications
of compost are meds the nutrients in it can be utilized to
a reasonable extent only if‘soilvpﬂ/is hot t00 low,

’ A comparison of straw and blood cbmpost at pH 5.2 ghows
that there was 1little difference in performance of ryegrasa
between these Two materials when they were. applied at 0 5%
or 1%. Vhen they were applied at the 2% 1eve1rcompOst gave
better results than did straw, but the differences were
gaeater with respect to yields than to nutrient uptake.
fﬂt this 2% level Whereas nutrient uptake in successive
cuttings of ryegraés.tended to decrease where compost was
applied, in thelaase of straw nutrient'uptake was low, cOm=
pared with the other treatments, in the first cutting but

in later cuttings increased proportlonately to a greater .

extent then with the other treatments. This is a fairly
clear indication that nutrients which were immobilized |
ihitially by the'miufo«organisms decomposing the straw

again became available later on. In the casevbf the conmpost
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which contained no easily decomposable material, no
jmmobilization of nutrients ocouried g0 that nutrient
avéilaﬁilify to ryegrass was deternined mainly by the rate
of mineralization of nutrients.

The fact that there was no tendency for yields orxr
nutrient uptake to decrease with the 2% 1eve1 of blood com=—
post as compared with lower levels indicates that no toxie
effects were apparent from this heavy aressing, representing
20 tons of dry matter per acre (or approximately 80 tons per
acre of a moist conpost containing T5% water). This was
the case even with the first cutting of ryegrass gince it
was found that uptake of nutrients with the 2% blood compoat
treatment paralleled that of the KNO treatment,

At pH 6 2 and 7.2 yields and nuxrient uptake were
usually ‘similar between the 2% compost‘treatment and the’
KNO3 fréatment. In view of the expense involved in
preparing (particularly if an expensive accelerator such as
dried blood is used) and applying sueh a heavy dressing of
compost under field conditions as compared with the cost'of
'mvo3 ;twould hardly seem justifiable to do this in view of
the fact that no better results were obtained, However
other factors must be considered. There is the residual
value of the compost for succedding crops. There is the
ability of {the compost foi improving the water-’and
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nutrient-holding capacity of light soils and the structure
of heavy soils.  There is the possibility that eompqst can
supply trace elements and growth-promoting substances Which.
KNO, is not able to do. | | |

0f particular interest with respect to recovery of.
‘applied‘untrients from both straw and compost.treatménts
were the very great differences in recovery of phosphofus
due to pH., These differences were greater at the low than
at the high level of application of both;materials; iThe |
negalive recovery values obtained indicate that not only |
was nones of the applied phosphorus absorbed by'the plant
but also that the treatment induced immobilization of some
of the available native phoéphorus. At pH 5.2 négativg
recoveries occurred With every treatment except 2% ccﬁpast.‘
This indicates that at this pH the,general‘éffect of tha
treatments was to encourage the fization of available
phosphate in the unavailable iron- and aluminium-bound |
foﬁms; it was only the highest level of blood compost with
its high buffering capacity tending to exert a protective
actlion against fixation, as well as its high level of
organic phosphorus (which would tend to mineralize to
inorganic yhosphata) where no fization ocourred.

At pH 6. 2 and 7.2 high recoveries of applied phasphorus'
were obtained, particularly with the 0.5/ levels of straw
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~and compost. With the 0.5% straw level at both pH values
not only was' all the applied phosphérus‘recoﬁered'but-an
approximately equal amount of native phosphorus was also
absorbed by the plant. This indicates that at these pH
“levels not only isfthere no fixation of applied phosphate.
but also that added organic vhosphorus is very readily
rineralized and rendered available to‘fhé plant. In
addition the extra activity of phosphorus-mineralizing
microbes induced by the rresence of the decomposing‘straw
has probably resulted in attack and mineralization of native
organic phosphorus; also, or alternatively, these con-
ditions may have been the most suiteble ones for releasing
phosphorus fron ﬁhe Lixed natrve forms. The very yreat
»reducuion in phosﬁhorua recovery W1th 1nc*eqqnnu straw level
at pH 6.2 and 7.2 is probably due to the fact that the
higher levels of straw caused greater QOﬂnmtition for
available phosphate during their miorobial decomn031tion, or
alternotively and egpacially at pH 7.2 where negative
recoveries were obbained, these high levels of siraw produced
conditions whlch were not suitable for min ralization of
native organic phosphorus or for convers¢on of n&tlve fixed
phogphorus 4o available forms,
' Recoveries of applied nitrogen were poor with all

organic materials at pH 5.2y but was complcte with the KNO5
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treatment. This indicatés poor nitrbgen mineralization
from the blood compost and also very effective nitrate-
nitrogen immobilization by the decomposing straw, with no
tehdency for this immobilizéd nitrogen to be minéralized
again wven with~thé lowest 1¢vel of stfaw, where one might
expect this to ocdur. This confirms that whéréasvnitrogenp
immobilizhng processes.mﬂu bergetive.at low pH, nitrogenP
mobilizﬁng processes are very slow, At pH 6.2 and 7 2
about half the applied nitrogen was\rs;o#ered from the 0.5%
straw + KNO3 treatment, whilst,aboﬁt half of hitrafe-
nitrogen was immobilized, With the higher levels of siraw
recovery of applied nitrogen was decreased, particularly at
pH 7.2. This indicates that nitrogén}immobiiizing processes,
although high at Tow PH, become even greater with increasing
" pH, whilst nitrogen-mobllizing processes are somewhat |
'greater at pH 6,2 thah at 7.2,

The results obtained with respect to recovery of applied
potassium are particularly interesting with regard to the |
blood compost tieatments. With all levels of compost at
pH 6.2 and 7.2 the recovery of potassium was greater than

from KNO, wnilst with the 0.5% compost level all the
applied pbtassiumbnd in addition some of the native potassium
was absorbed by the plant, This indicates a stimulative

| effect of the organic material and also indicates that

- potassium adsorbed on organic material is more easily
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© aveilable to plants then is that adsorbed on the soil
mineral complex, since muphfdf the potassium from thé
applied‘KNO3 would be adsorbed in this~ﬁ@y; of inteiest
also is the considersble reduction in recovery of applied
potassium with increasing level 6f straw at 21l pH wvalues,
This implies that biological immobilization of potassium is
bccurring. This is confirmed by the fact that with the 2%
straw level about one-third +to two-thirds of the Kﬂosf
potassium was immobilized, This is rather]surprising in
view of the fact that the literature (112) has in general
indicated that biologlical fization of potassium is of no

importance. This discrepancy may arise from the fact thak
moét of the work on potassium fixation has been done with
chemical extractants (usualiy cation-extracting reagents

such as ammonium acetate) and it might‘well be that these are
able to extract forms of pofassium frogbrganic matter which
are hot avallable to plants.

| The nain effects to be noted with respect Yo the

recovery of applied magnesium are the generally fairly good
recovery from all levels of blood compost at pH 6.2 and 7.2,
- but not at pH 5.2, and the very poor recovery fr@m.the %
straw treatment. The latter indicates that biological
- fixation of magnesium is operative, the extent of fixation
iﬁcreasing with decreasing pH. The most important effect

however is the very good recovery of magnesium from the 0,55
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straw :tréatment at pH 6.2 and 7.2. This indicates that,
‘even though magnesium may have been‘immohilized initially
by the decomposing stréw‘(although the cumulative uptake
curves show little evidence of this) it was eventually in

such a condition as %o be peadily available to the ryegrass.
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Summary and Conclusions.

Ryegrass was grown in pot tests in Silwood soil,
which had been adjusted to pH 5.2, 6.2 and 7.2, treated
with 0.5%, 1% and 2% eacﬁ of straw and blood composts the
straw-treated pots also received 100 1b., Il per acre as

KRO KNOE—treated.and control pots Wereﬁnoluded for each

3.
pH 1evel.

Straw (+ KNOQ) treatments versus KNO treatments.

e @H 5.2 top and rot yields were less with the straw
than with the KNO3 treatment. At pH 6,2 and 7.2 ylelds
were usually the same with 0.5% straw and Kii0; and were
lower with the higher levels of straw.

At pH 5.2 fotal nitrogen uﬁtake wag greatest frem.KNOs,
with usually no difference between the three straw levels.
At pH 6.2 and 7.2 there were no differences in total
ﬁitrogen uptake between.KN03 and 0,5% straw, whilst the two
higher levels of straw usually resulted in reduced niirogen
uptake. Recovgry of applied nitrogen was complete from -
KNO, at all pH levels; at pi 5.2 it was low from all gtraw
levels; at pnys.z and 7.2 about hslf the applied nitrogen
wag recoversd from 0.5% straw, ﬁhilst recovery decreased

with increa51ng straw level.
| At pH 5,2 total phosphorus uptake vas grew%ewu from
KNO3, 2% pH 6.2 from KNO; and 0,57 straw, and at pH 7.2 from
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0,55 straw. Phosphorus uptake decreased with increasing
level of straw a% all pH levels. Recovery of applied
phosphorus was complete at pH 6.2 and 7.2 from 0,5/ straw
but declind considerably with increasing level of straw,
There was negative recovery of phosphurus from all straw
treatmenéz at pH 5.2, _

Total uptake of potassium at pH 5.2 was greateét from
KNO3, but was similar from KNO5 and 0.5% straw at pH 6.2
and 7.2. Potassium uptake was somewhat lowerc with the
higher levels of straw. Recovery of applied potassium was
high from 0,.5% straw at all pH levels and decreased with
increasing 1evel of gtraw.

Total uptake of magnesium was similar with'KN03 and
0.56 straw at all pH levels and ususlly decreased with
increa ging level of straw. Recovery of applied magnesium
was low from all straw treatments at pH 5.2, At pH 6.2 and
7.2 recovery was high from 0,5% straw, but decreased rapidly

with increasing level of straw.

Blood compost treatments versus controls.
At pH 5.2 top ylelds were simllar with all treatments,

including the control. At pH 6,2 and 7.2 2¢ compost gave
the highest and the controls the lowest yields. Root
yields were highest with 2% compost, with usually little
difference between the other treatments at all pH levels.
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Total nitrogen uptake,at PH 5.2 and 6.2 was higher |
with 2% compost than with the other treétments, vhilst at
pH 7.2 211 levels of compost produced greater,nitrogen
uptake than did the control. Recovery of applied'nit;ogen
was low from all levels of compost at pH 5.25 at pH 6.2
end 7.2 about one-third of the applied nittogen vas
recovered from 0,57 bompost'and recovery decreased with
increasing level of compost. | ‘ | - ‘

 Total uptake Qf\phosphoru9~at pH 5.2 was similar wlth |
all.freatments.‘ At pH 6.2 and 7.2 uptake of phosphorus
was greatest with 2% compost, but thé two lower 19vels of.
ff édmpostlalso increased phosphorus uptake over controls;

The recovery erapplied rhosphorus at.5.2 was low or.negative
from the compost treatments. At pH 6.2 and 7.2,recovaryw
was coaplete. from 0,57 compost and usually decreased with
increasing level of compost. '

- Total uptake of potassium at all pH levels was highegt
with 27 coﬁpost, vhilet the two lower compost levels also -
increased potassium‘uptake over the controls. Recovery
of applied potassium was virtually comﬁmete from all compost
treatuents at pd T2, AL pH 6.2 it was complete from‘O.ﬁ%
composf, but declined somewhat with increasing level of
compost. At pH 5.2 about two-thirds of the applie&v
potassium was recovered from 0.5 and 1% compost and about

holf from 2% compost,
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Total upteke of magnesium was similar with all treat-
menté at pH 5.2. At pH 6.2 and 7.2 uptake was greatest
wiith 27 compost, but was usually also higher with the two
lower levels of compost then with the controls. Recovery
of applied magnesium.was poor from all treatuents at pH |
5.2; at pH 6.2 and ?.2 about half the applied'magnesium was
recoveréd'from 0.5% compost and recovéry decreased slightly

with increasing level of compost,

General conclusions.

At pH 5.2 the performance of ryegrass (with respeect to
yields anduptake of the four nutrients) wae best with KNO.,
followed by 25 blood compost, then by 0.5% and 1% compost
and straw‘levels, with the poorest performance being
obtained with the 2% straw treatment. .

AAt pH 6.2 and 7}2’the best performance qf ryegrass wasg
obtained with the KNO4, 0.5% straw + KNO; and 2% compost
treatments.  The 0.5% and 1% compost treatments gave the
next bestfperformance, whillst the 1N and 2% straw treatments
gave the poorest performance. | | |

Thus providing soil pH 1s not below about 6 the applica~
tion of a 1ow level of straw (5 tons per acre) plus '
pufficient extra nitrogen to give a carbon/nltrogen ratio
around 20 should give results as satisfactory as wi‘hh‘~
inorganic nitrogen aléne, with the added adwantage that the
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strow will help maintain water status and soil structﬁré‘
and reduce leaching of exchéngéaﬁie cafibns as well as
hoving some residuzl effect on the fbliowing érop.‘ in
order 1o achicve similar results with compost o much
héavier‘le&el br 20 tons dry matter per aore) would nave to
be applled and Lhouﬂh this may not be economic the

' significance of this high level of compost in maintaining
or even improving soil structure may be important; im
addition there would be a2 considerable residual value for
following crops. In soil with pil neer 5 KNO, is more

satisfactory than any level of straw (+ KNO;) or compost, -
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Table 56. Dry matter yield (in gms) of ryyegrass (tops +

fresh gtraw + KNO. and blood compost at three levels of
3 2

1lst Cutting 2nd Cutting
Treat-
ments ~Bl 'RZ Total Rl : R2 Total
¢ 0.690 0.756° 1.446 0,747 0.800 1.547

FS;*M 0,887 0.952 1.839 0,885 0.943 1.828
FSpp+EN. 0.844  0.796 1,640 0,737 0,698 1.435
FSpp+HEN 0,509 04460  0.969 0.425 0.487 0,912
BD; - 0.859 0.882 1,741 0.833 0.875 1.708
BDy; 0.897 1.204 2,101 0.784 0.921 1.705
BDp;y  ©.733 © 0.797 1.530 0.865 1.009 1.874
KN 1.643 1.599 3.242  1.227 1,152  2.379
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rooté} grown in 8ilwood soil of pH 5.2 treated with

each treatment.

3rd Cutiing Root

R, Ry Total Ry R, Total

0,597 0,571 1.168 1.180 1.220 2.400
0.615 0,545 1.160 1,489 1.327 2.816
0,693 0.703 1.396 1.676 1,629  3.306
0.607 0.528 1,135 1.497 1.324 2.821
0.572 0.538 1.110 1,224 1,279 2,503
0,569 0.586 1.155 1,101 1.090 2.191
0.580 0,644 1.224 1.428 1.533 2.961
0.686 0,550 1,236 1,908 1.636  3.544
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Table 57. Dry matter vield (in gms) of ryegrass (tops +

" fresh straw + KNO. and blood compogst at three levels of
N ; . .

1st Cutting 2nd Cutting
Treat~ ‘ : . ,
ments Rl . R2 Total Rl R2 Total

PS+KN  1.273 1,179 2.451 1,124 1.011  2.135
FSpp#KN 0.617  0.659 1.276 0.970 0.903  1.873
FSptKN 0,529 0,307 0.836 0,708 0,648 1.356
BD; 0.909  0.895 1.804 0.732 0.764 1.496
BD;;  0.227 0.881 1.808  0.844 0.749  1.593
BDp;y  1.255 1.021 2,276 0,949 0.858  1.807
KN 1.625 1,735 3.360 1.066 0.967 2.033
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roots) grown in Silwood soil of pH 6,2 treated with
each treatment.

3rd Cutting _— Root

R

Rl R2 Total R 5 Tota}'

0.557 0.437  0.994 0.955 0,918 1.871
0.855 0.904 1,759 2.255 2,251  4.486
0.854 0,847 1,701 1.594 1,620 3,214
0.793 0.790 1.583 1.418 1.27L  2.689
0.832  0.822 1.654 1.436 1,618  3.056
0.869 0,826 1,695 1,610 1,415 3.025
1,123  0.833 1.956 2.172 1.928 4,100
0,754 0,702 1.456 2.214 2,429 4,643




~  Tabdle 58, Dry matter yield (in gms) of ryegrass (tops +

gggsh'straw + KNO., and blood compogt at three levels of
, o :

~1st Cutting |  2nd Cutting
Treat- | ;\ — ‘
ments R1 RZ Total Rl> 7 R2 Total
c 0,955 . 1,101 2,054 0.815 0,747 1.562

FSp+KN 1,380 - 1,186 2,566 1.413 1.225 2.638
FSpp+KN 0,637 0,637 1,274 0,979 0.983 1.962
FSppp#EN 0,402 0,627 1,029 0,603 0,85  1.459
BD;y . 1.196 1.011 2,207 0,997 0,95 1,953
Bppy  1.107  1.169 2,276 1,171 . 0,908  2.079
BDyyy 1.510  1.297 2.807 1,373 1.00% . 2.380
KN - 1.989 1.697 3.686 1.024 0.777 1.1.801
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roots) grown in Silwood soil of pH 7.2 treated with

each treatment.

3rd Cubting Root

R, B, Total R ~ Total

0.680 0,492 1,172 1.428 1,183 2.611
0.933 0.964 1.897 2.464 2.274 4,738
0,731  0.728  1.459 1.685 1.407 3,092
0.782 -~ 0,990 1.772 ~1.428 1.773 3.201
1.102  0.888 1.990 2.001 1.766 3.767
1.124 0,911 2.D35 1,383 1.641 3,024
1,181  1.017 2.198 2,219 1.914 4.133
0,736 0.765 1.501 2.148 1,883 4.031







TIable 59. ZPercentage uptake of nitrogen by perenial izegrass

Soil pH 5.2 Soll
~lst  2nd 3rd Root  1lat 2nd
| Cutting OCutting  Cubting Cutting Outting
Tfeat~ -
ments R R, R R, R R, R R, R R, R R
o 1,25 1.20 1.20 1.20 1,20 1,20 1,39 1,38 0,81 0.86 1.13 1,20
FS;  1.34 1.09 1.05 1,05 1,15 1,15 1.25 1.08 0.94 1.08 1.13 0.98
FS;p  1.11 1.26 1,30 1,15 1,28 1.28 1,20 1,36 1.10 6.93 1.13 1,20
‘FSypp 1.44.1.20 1,20 0,98 1,23 1,23 1,43 1,15 0,80 0.85 0.98 0.85
BD;  1.10 1,10 1,05 0.90 1,30 1,30 1,25 1,65 0,90 0,93 1.20 1.30
BDyy 1.23 1.18 1.20 1.20 1.30 1,40 1,55 1.20 1,08 1,00 1.30 1.48
BDrgy 1.35 1.73 1,28 1,15 1,30 1.28 1,42 1,90 1.08 1.08 1,55 1,25
KN 1.40 1.45 1,13 1.20 1,00 1.68 1.43 0.93 1.09 0.75 0,75

1.50




grown in Silwood soil of different pH.
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PH 6.2 S Soil pH 7.2

3rd Root lst - 2nd 3rd
Cutting Cutting Cutting Cutting

Root

R, OR, R R, R B, B B B R

B, B

1.28 1.08 1.85 1,66 0,78 1,08 0,95 1,20 0,90 1,00
1.08 1.08 1,15 1.15 1.18 1.17 0.90 0,95 0,90 1.05
1.30 1.55 1.63 1,80 1,18 1.20 1,10 1,13 0.93 0,80
1.15 1.30 1.50 1.85 0,93 1.13 0.85 0,80 1.00 1,15
1,15 1.23 1,58 1,53 1.14 1.24 1.15 1,30 1.00 1,00
1,20 1,20 1.28 1,35 1,30 1,45 1.55 1.55 1.15 1,00
1.20 1.28 1,70 1.63 1,10 1,25 1.20 1,10 1.30 1,13
0485 0495 1,25 1.65 1.19 1.18 1,13 1.20 0,95 0,85

1.35 1.43
1,10 1.10
1,13 1.28
1.15 1,30
1,28 1,35
1.39 1.35
1.33 1.15
1.43 1.43
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Table 60, Percentage uptake of phosphate by perennial

Soil pH 5.2 B ' Soil
1st 2nd 3rd Root lst 2nd

Cutting Cutting Cutting - Cutting Cutting

Treat— . | '
nents Rl 32 ‘Rl R2 Bl Rz Rl »132 | Rl Rz Rl R2

¢ 0.97 0.78 1.14 1.06 0.80 0.78 0,58 0.41 0.63 0.62 0,94 0,89
FSy 0,75 0.7 0,75 0,75 0.78 0.83 0.38 0.29 0.52 0.52 0,70 0,85
PSyp  0.73 0.79 0,78 0.85 0,71 0,55 0.39 0.36 0458 0.52 0,60 0,65
BSypp 0.71 0477 0.75 0.78 0,54 0,54 0,36 0,51 0.52 0.52 0.58 0.65
BD;  0.73 0.79 0.89 0,87 0.90 0,92 0,36 0.36 0.56 0,61 0.80 0,80
BDyy Ou74 0.69 0.97 0.85 0,88 0,83 0,36 0.41 0.61 0.61 0.85 0.92
BDrrp 114 1.16 0.87 0,73 0.90 0.83 0.41 0.36 0.63 0.61 0.89 0.94
KE  0.65 0.65 0,75 0.78 0.75 0,80 0,36 0.39 0.53 0.5 6.70 0.68
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ryegrass grovwn in Silwood soil of different pH.

pH 6,

2

Soil pH 7.2

3rd
Cutting

Roo

1]

lst
Cutting

2nd
Cutting

3rd Root
Cutting :

R

R,

=3

R R2

1

!

B, B Ry

G.73
0,92
0.92
0.71
0.75
1.14
0.83
0,68

‘0073
Q.80

071
0.73
0.53
1.18
0. 54
0.88

0.43
0.31
0.41

0448
0.46
0.76
0.41
0.39

0.40
0.33
0.39
0.56
0,46
0.36
0.45
0.39

C.49
C.45
0u43
C.52
C.45
0.48
0,52
0.43

0.52
0.4%

0.43

0.52
0.49
0.56
0.52
0.38

1.14 1.01 0,58 0,70 0,36 0.31

0,78 0.85
0.63 0,63
0.68 0.65
0.85 0.81
0.83 0.81
0.81 0,85
0.68 0.65

0.75
0.53
0.63
0.68
0.59
0.82
0.68

0479 0,26 0,35
0.48 0.31 0.30
0.64 0.44 0,41
0.68 0,41 0,46
0465 0436 0,36
0,94 0430 0,31
0.63 0,36 0,36
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Table 61.



‘Table 61. Percentage ﬁptake of X by perennial nyeg:éss

shpay afd compdsted straw at thrée.levels of each.

Proate
vmenta

Soil pH 5.2 | Soil
1st . 2nd  3%rd Root lst 2nd
Cutting Cutting Cultting Cutting Cutting

BB B B B R R OR R KRR

Control
By
P11
FSrrr
BD;
BD g

BDyryy
KN

2.25 1,70 1.58 1.40 1.25 1,15 0.45 0,45 1.30 1.25 0,95 1.00
.60 3.30 1.85 1.80 1.65 1.60 0,78 0.50 2,18 2.53 1.35 1.58
3.08 3.60 1.85 1.90 1,70 1.65 0,71 0.78 2.58 2.98 1.68 1.63
3,70 3.60 1.95 1.95 1,70 2.00 0,95 0.75 2.78 2.53 1.73 1.90

2,03 2.25 1,48 1,40 1.45% l.GS 0,43 0.3%39 1.50 1.50 1.20 1.15

2.43 2,18 1.48 1,30 1,60 1,55 0,45 0,50 1.90 1.85 1.15 1.03
3.70 3.60 1.30 1,35 1.70 1.38 0,48 0.50 2,18 2,00 1.25 1.10
2.9% 2.98 1.85 1.73 1.60 1.65 0.4% 0.48 2.0 2.00 1.40 1.30
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grown in Silwood soil of different pi treated with fresh

pH 6.,

2

Soil pH 7.2

3rd
Cutting

Root

lst 2

Cutting

nd

38d
Cutting Cubting

Root

)

R2

R—‘L .

R,

By

R

By By

B B

B,

R

!

2

0.75
1.43
1.60
2.10
1.05
1.25
1.33
1.10

0030

0.30
0.50
0.65
0.28
0.30
0.28
0.30

0.20

0.35
0.56

0.71"

0.25

0.20
0.28

0.33

1.40
2.13
2.33
2.6%
1.35
1.75
1.90
2,03

1.00 1.03
2,33 1.40
2,43 1.58
2.53 2.00
1.50 1.03
1,75 1,10
1.78 1.80
1.93 1.40

0.9% 0.70
1.35 1.33

0.65
1.38

1.73 1.78 1.55

1,75 2.15
1,03 0.80
1.13 1.05
1.80 1,33
1,30 0.95

2.50
0.93
0.95
1.33
0.95

0.25 0.13
0.25 0,30
0.48 0.43
0.48 0.48
0.21 0.19
0,19 0,18
0.21 0,15
0.15 0,21
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. Table 62.



Table 62. Percentage untake of magnesiun by perennial

with fresh straw.

Soll pﬂ+gr§'
1lst 2nd . 3rd lst

Cutting  Cutting Cutting Cutting
Treét— ,
ments Rl : Rz : Rl R2 Rl RZ Rl Rz
c 0.17 0.18 0.36 0,34 0,20 0,20 0,24 0.22
FS;  0.14 0,15 0,31 0,31 0,21 0.20 0,18 0,22
FS;p  0.25 0.23 0,30 0,23 0.27 0.24 0,18 0415
FS;ry 0.24 0.22 0.24 0.25 0,27 0.23 0.13 0.18
BD;  0.18 0.16 0.33 0.33 0,24 0.24 0.20 0,19
EDII 0.17 0.16 .0.35 0.33 0.24 0.24 0.26 0,24
BD;y; 0.18 0,18 0,33 0.34 0.28 0.28 0.36 0.31
KN 0.18 0.15 0.29 0.25 0,15 0.17 0.20 0,26
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- ryegrags grown in Silwood soil of different pH treated

" Soll pH 5.2 Soil PR T.2
 omd o 3ra 1st ond 3rd

~ Cutting  Cutting  Cutting Cutting  Cutting

R R

2

1 By R R Ry K 32 Ry Ry

0.32 0.30 0.20 0.19 0.22 0.22 0.29 0,30 0.21 0.24
0,32 0.32 0.19 0.19 0,20 0,30 0,34 0.32 0,13 0.20
0,31 0,30 0.25 0,24 0.18 0.15 0.32 0.31 0.24 0.24
1 0.23 0.18 0,19 0.18 0,13 0,16 0.24 0.25 0.19 0,19
0.32 0,35 0.20 0.21 0.22 0.24 0.32 0.34 0,22 0.23
0.35 0.37 0.22 0.24 0.27 0.30 0.32 0.36 0.25 0.26
0.36 0.33 0.20 0.19 0.25 0.24 0,36 0.36 0.25 0.26
0,26 0.29 0.15 0.17 0.24 0.20 0,26 0,27 0.18 0,17
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Table 63.



Table 63, Uptake of W by perennial ryegrass grown in

blood composts at three le¥els of each,

KN

1st Cutting 2nd Cutting
Treat- " '

. ments Ry R, Total Mean R R, Total Mean
c 8.63 9.07 17.70 8.85 8.96 9.60 18.56 9.28
FS;+KN.  11.89 10.38 22,27 11.14 9.29 9.90 19.19 9.60
FSp+KN 9,37 10.03 19.40. 9.70 8,11 8.03 16.14 8,07
PSppp*KN 7,33 5.52 12,85 6.43 5.10 4.77 9.87 4.94
BD; 9.45 9.70 19,15 9.58 8.75 7.88 16.53 8.32
BDyy 11.03 14,21 25.24 12,62 9.41 11,05 20.46 10.23
BDy11 9,90 13.79 23,69 11,85 11,07 11,40 22,47 11.24

25.00 25.19°46.19 23,10 13.87 13.82 2%.69 13.85




silwood soil of oH 5.2

treatod with gtrow + ENO, and

Zrd Cutting

Root

]

' 112

Total Mean

B

Rz Total Wean

T.16 .

T.07
8.87
Te47
7.44

7.40 (G:

7.54
6.86

6.85
6.27
9.00
6.49
5,99
0

N

(73]

&

‘.
LY

E-

i
.

)
I

14 eol

13.34
17.87
13496
18.43
15.60
15.78

12.80

7.00
6.67
8.94
6.98
7.22
7.80

7,89

6,40

16.40
18,61
20,11
21l.41
15.20
17.07
20.28
28.62

16.84 33.24 16.62
14,33 32.94 16.47
22.15 42,26 21.13
15.23 36.64 18.32
21.10 36,40 18.20
1%.08 30,15 15.08

29.13 49.41 24.71

23.39 52,01 26.00
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Table 64.



Table 64. Uptake of nitrogen ‘mgm) by gereﬁnial ryegrass

and blood composts at three levels of each treatment.

1gt Cutting ond Cutting
Treat- , , ,'
ments Rl 32 Total Mean Rl R2" Total Mean
c 6.3% 7.8% 14.16 T.08 T.02 7,99 15.01 7.50

FS,#KN 11,97 12.72 24,69 12,35 12,70 9,91 22,61 11,31
FS;+KN  6.79 6.13 12,92 6.46 10,96 10.84 21.80 10.90
FS 11 +KN £.23 2.61 6.84 3.42 6.94 5.51 12.45 6.23
BD, - 8.18 8,32 16.50 8.25 8.78 9.95 18.71 9.36
BD;; - 10.01 8.88 18.89 9.45 10.97 11.09 22,06 11,03
BDyyp  13.55 11.0% 24.58 12,29 12.81 10.73 23.54 11.77
KN 15,11 18,91 34.02 17.01 8,00 7.25 15,25 7.63




269.

grown in Silwood soil of pH 6.2 treated with siraw + KNO,

3rd Cutting " Root

‘R, Total ean R; = B, Total Hean

7.13 4,72 11.85° ‘5,93 17.63 15.24 32.87 16.44
9,25 9,76 18,99 9.50 25,93 25.66 51.59 25,80
11,10 13.i3,24.23 12,12 25.98 29,16 55.14 27.57
9,12 10.27 19,39 9.70 21.27 23.51 44.78 22,39
9.57 10,11 19.68 9.84 22.72 24.76 47.48 23.74
10.43 9,91 20.34 10,17 20,61 19,10 39,71 19,86
| 13.48 10.66 24,14 12,07 36,92 31.43 68.35 34,18
6.41 6.67 13.08 6.54 27.68 30.08 57.76 28.88
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. Table 65.



Table 65. Uptake of N (mgm) by perennial ryegrass grown

blood compost at three levels of each treatment.

| 1lst Cutting , 2nd Cutting
Treat- . T
ments 31 ‘ R2 Total Mean Rl R2 Total Mean
o 7.4% 11.89 19.32 9,66 T.T4 8.96 16,70 8.35

FSp4KN 16,28 13.88 30.16 15.08 12,72 11.64 24,36 12.18
FSpo#KN 7,52 7.64 15,16 7.58 10.77 11.11 21,88 10,94
FSypp#EN  3.74 7.09 10,83 5.42 5.13 6.85 11.98 5.99
BD;  13.63 12.54 26,17 13.09 11.27 12.43 23.70 11.85
BD;y  14.39 16.95 31.34 15,67 18,15 14.07 32.22 16.11
BD;yy  16.61 16,21 32,82 16.41 16,48 11.08 27.56 13.78
KN 23.67 20.02 43,69 21.85 11.57 9.32 20,89 10.45




271.

in Silwood soil of pH 7.2 treated with straw + KNO. and

3rd Cutting Root

R, R, Total Moan R, R, Total iean

6,12 4,92 11,04 5,52 19,28 16,92 36,20 18,10
8.40 10,12 18.52 9.26 27.10 25.01 52.11 26.06
6.80 $5.8% 12.62 6.31 19.04 19.42 38,46 19,23
7.82 11,39 19.21 9,61 16.42 23,05 39.47 19.74
11,02 8.88 19.90 9.95 25.61 23.84 49.45 24.7%
12,95 9,11 22,04 11.02 19.22 22,15 41,51 20,66
15.35 11.49 26.84 1%.42 29.51 22.01 51.52 25.76
6,99 6.50 13,49 6.75 30.72 26.93 57.65 28.8%
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Table 66,



t

Table 66. Uptake of phosphate (in mgm) by perennial

gtraw + KNOi and blood compost at three levels of each

1st Cutbing  2nd Cutting

Treat; —

ments 31 ’ Rz, Total Mean Rl Rz Total Yean
¢ 6469 5.90 12.59 6.30 B8.52 8.48 17,00 8,50
FSpHEN 6,65 6.76 13.41 6.71 6.64 7.07 15.71 6.86
PS;p 4N 6.16 6.29 12,45 6.23 5.75 5.93 11.68 5.8
S ;p#KN 3.61 3.58 T.15 3.58 3.19 3.80 6,99 3.50
BD; 6.27 6.97 13.24 6.62 7.41 7.61 15.02 7.51
BDyy 6.64 8.31 14,95 T.48 T.60 7.83% 15.43 7.72
BDppy - 8.36 9.25 17.61 8.81 7.53 7.37 14,90 7.45
KN 10.68 10.39 21.07 10,54 9.20 8.99 18.19 9.10




. ryegrass grown in

273,

Silwood soil of pH 5.2 treated with

treatment.

Zrd Cutting

Root

By

Rz Total

méan

R Total

2

4.78
4.80
4,92
%.28

4.48 9.23
4.52 9,32
3.87 8.79
2.85 6.13
4.95 10.10
4.86 9.87

4,62
4.66
4.40
3,07
5.05
4,94
5.28
4.78

6.84
5.66
6.54
5.39
4441

3,96

5.85
6.87

5.00 11.84
3.85 9.51
5.86 12,40
4,10 9.49
4.60 9,01

4.47 8.45 |

5.52 11.327
6.38 13.25
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Table 67.



Table (7.

Untake of phosphate (in mgm) by rerennisl

straw + KNO. and bloed compost at three levels of each
P .

1st Cutting

2nd Cuttlng

9.02 17.6%

T.46

Treat- ,
ments By R, Total Mean R, R, Total Hean
c 4.93 5.65 10,58 5.29 5.84 5.93 11.77 5.89
PSp+KN 6,62 6.13 12,75 6.38 7.87 8.59 16.46 8.23
FSyq#KN  3.58 3.43 7.01 3.51 5.82 5.87 11.69 5.85
FSppp#RE 2,75 1.60 4.35 2.18 4.11 4.21 8.32 4.16
BD; 5.09 5.46 10.55 5.28 5.86 6.11 11.97 5.99
BD 5.65 5.57 11.02 5.51 7.17 6.89 14.06 7.03
BDppp . 7.9 6.23.14.14 7.07 8.45 8.07 16,52 8,26
KN 8.61 8.82 6.58 14,04 7.02




275.

ryegrass grown in Filwood soil of oH 6.2 treated with

treatment,

3rd Cutting

Root

R2 Total Mean Rl

B,

Total Mean

4.07
T.87
7.86
5463
6.24
9.91
9.32
5.13

3.19 7.26
7423 15.10
6.01 13.87
5.77 11,40
6.82 13,06
9.75 19.66
7.83 17.15
6.18 11.31

3.63
T+55

6.94

5,70
6.53
9.83
8.58
5.66

4,10
6.99
6.54

6.81‘
6.61
5.80
8.91

8463

3.67
7.36

6.32

7.12
7,44
5.09
8.68
9,47

T+T7
14,35
12.86
13.93
14.05

10.89 -

17.59
18.10

3.89
T.18
6.4%
6.97
7.03
5.45
8.80
9.05
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"Table 68~n



Table 65. Uptake of vhosvhate (in mgm) by porennial

gtraw + KNO. 2nd blood compost at three levels of each
i , .

1st Outting ond Cutbing
Treat- —— -
ments . R1 32 Total Mean RJ. R2 Total Mean
¢ 4.67 5.73 10,40 5,20 9,29 7.54 16.83 8,42

FSp+KN  6.21 5,10 11.31 5.66 11,02 10.41 21,43 10,72
P3N 2,74 2,74 5.48 2,74 6.17 6.19 12.36 6,18

FSpppHN 2,09 3,26 5.35 2.68 4.10 5.56 9.66 4.83
BDy 5,38 4,95 10,33 5,17 8.47 T.74 16.21 8.11
BDyy  5.31 6455 11.86 5,93 9.72 7.35 17.07 8.54
BDypy -85 6.74 14,50 7.30 11.12 8.56 10.68 9.84

KN 3.55 6445 15.00 7.50 6,86 5.05 12,01 6.01
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| ryegrass grovn in Silwood soil of pH 7,2 treated with
treatment. |

3rd Cutting

Root

B

R,

- Total Mean R,

Ry

Total Mean

3.94
7.00
3,87
4,93
7.49
6.63
9,68

5,00

3.44 7,38
7.62 14,62
3.49 7.36
8.1% 13.05
6.04 13.53
5.92 12,55
9.56 19,24
4.82. 9,82

3.69
T.31
5.68
6.53

6.28
9.62

4.91

5.14
6.41

5,22

6.77 .

8.20
4.98
6.66

1473

3.67 8,81

7.96 14,37

4.22 9,44
T.27 13,55

8.12 16,32
5.91 10.89
5,95 12,59

6.78 14,51

4.41
7.19

4,72
6.78
. 8.16

5,45
6.30
7.26




278,

Table 69,



Table 69, Uptake of Pyiassium {(in mem) by peremnizl

gtraw + KNO., and blood compost ot three levels of each.
- .

1st Cutving 2nd Cutting

Treate , «' <
ments Rl 32- Total Mean Rl R2 Total Tlean
o 15.52 12.85 28.33 14.19 11.80 11.20 23.00 11.50
PSy#KN  31.93 31.42 63.35 31.68 16,37 16.97 33.34 16.67
FS p#KT 26,00 28.66 54.66 27.33 13.65 15,26 26,39 13.45
PSp7+EN 18.83 16.56 35.39 17.70 8.29 9.50 17.79 8.90
BD; 17.44 19.85 37.29 18,65 12,33 12,25 24.58 12,29
BD;y 21.80 26.25 48.05 24.03 11.60 11.97 23.57 11..79
BDypp 27,12 28,69 55.8L 27.91 11.25 13.62 24,87 12.44

231,32

KN 48,14 AT.65 95.79 A7.90 22.70 19.93 42.63
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rxegi'ass grown in Silwood soil of pH 5.2 treated with

Brd Cutting - Root

Rl R2 Total Mean Rl R2 Total Mean

7046 6.57 14.05 7,02 5.51 5.49 10.80 5.40
10,15 8.72 18.87 9.44 11,61 6.64 18.25 9.13
11.78 11,60 23,38 11.69 11.90 12,71 24.61 12,31
10.32°10.56 20.88 10.44 14,22 9,93 24,15 12,08

8,18 8.88 17.06 8.53 5.26 4,95 10,25 5.1%

9.10 9.08 18,18 9.09 4.95 5.45 10.40 5,20

9.86 8.89 18.75 9,40 6.85 7T.67 14.52 7.26
10,98 9,08 20,06 10,03 8.20 7.85 16.05 8.03
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Table 70. Upiake of K (in mgm) by perennial rysgrass

and blood compost at three levq;gﬁpf'eadh.

1st Cutting  2nd Cutting
Treat~ ‘ o |
nents Rl RZ Total Mean | Rl R2 " Total Mean
B 10,17 11.39 21.56 10.78 5.78 6.66 12.44 6.22

PS4KN  27.75 29.80 57.55 28.78 15,17 15.97 51.14 15.57
FS KN 15.92 19,64 35.56 17.70 16.30 14,72 31.02 15.51
FSp#KN 14,71 7.77 22.48 11.24 12,25 12,31 24.56 12,28
BDy 13.64 13.43 27.07 13.54 8.78 8.79 17.57 8.79
BDyy  17.61 16.30 33.91 16.96 9,71 T.71 17.42 8.71
BDpp  27.36 20.42 A7.78 23.89 11.86 9.44 21,30 10.65
KN 32,99 34,70 67.69 33.85 14,92 12,57 27.49 12,25




281.

f .
grown in Silwood soil of pH 6.2 treated with gtraw + K]SIO3

3rd Cutting Root

Bl R

> Total Mean B'_L RZ, Total Mean

418 3.63 T.81 3.96 2,86 1.34 4.70 2.35
12225 14,01 26,24 13,13 6.77 7.81 14.58 7.29
13.66 14.40 28,06 14,03 7.97 9.07 17.04 8.52
16.65 17.78 34.43 17.22 9.22 9,02 18.24 9,12

8.74 9.04 17.78 8.89 4.03 4.05 -8.08 4.04
10,86 9.91 20,77 10.39 4.83 2.83 7.66 3.83
14,94 11.50 26.44 13.22 6.08 5.40 11,48 5.74

8.20 7.37 15.66 7.83 6.64 8,02 14.66 7.33
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: Té,ble 71



Table 71l. Uptake of X {(in_

nmems) by perennial ryegrass

1evels’9f each.

and blood compost at three

ist Cutting

ond Cutting

Treat-

22.75 73.13

ments B Ry Tota&fMean‘ N Total Mean
¢ 13.34 11.01 24.35 8.39 15.34 17.67
FSL KN 20.39 27.63 57.02 19.78 18.16.
FS KN 14,84 15.48 30432 15,47 16.24
FS 7 #KN 10,57 15.86 26.43 12,06 13.52
BD; 16.15 15,17 31,352 1027 10.06
BD;;  19.37 20.46 39.83 12,88 11.57
BDpyy  28.69 23.09 51.78 24,71 21,42
KN 40.38 14.54

13.00




2830

growm in Si1wood soil of pH 7.2 treated with straw + KNO,

3rd Cutting Root

Rl R2 Totdl Mean Rl R2 Total Mean

4.76 3.20 7.96 3.98 3.57 1.54 5.11 2,56
12,41 13,50 25.71 12,86 6.16 6.82 12,98 6,49
13,01 11.28 24.29 12,15 8,09 6.05 14.14 7.07
16.81 24.75 41.56 20.78 6,85 B.51 15.36 7.68
8,82 8,26 17.08 8,54 4.20 3,36 7T.56 3;78
11.80 8.65 20.45 10.25 2,63 3,12 5.75 2.88

S 15.71 13.53.29.24 14,62 4.66 2,87 7.53 3.77
699 727 126 7713 3°22 395 37 . 3°59
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Table 72¢n



Table 72. Uptake of Mg (in mems)

by perennial ryegrass

and blood compost at three levels

of each.

igt Cutting

2nd Cutting

Treat- - ‘
ments Ry 'Rg Total Mean ‘_Rl, ARZ "Toﬁal liean
c 117 1036 2,53 1,27 2,69 2.72 5.41 2.71
FSp4KN 1,24 1.43 2,67 1.34 2,74 2,92 5.66 2.85
CBSppHEY 2,11 1.83 3.94 1.97 2,21 1.61 3.82 1.91
FSpppHN 1,22 1,01 2,23 1.12 1,02 1.13 2,14 1,07
BD,  1.55 1.41 2.95 1.48 2.75 2.89 5.64 2.82
BD;;  1.52 1.93 3.45 1.73 2.74 3.04 5.78 2.89
BDyp; - 1.32 1.43 2.75 1,38 2.85 3.43 6.28 3.14
KN 2.96 2.40 5,36 2.68 1.99 1.38 3.37

1.69
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grown in Silwood soil of pH 5.2 treated with straw + KNO3

3rd Cutting ' Root »¢

Rl R2 Total ilean Rl R2 Total Mean

1.19 1.14 2,33 1,17
1.29 1.09 2,58 1.19
1.87 1.69 3.56 1.78
1.64 1.21 2.85 1.48
66 1.3%
157 1.4 2.78 1.39
42 1.7
1,05 0.94 1.§7 1.48

% NcéLg'gil)[& amau-'n:fs (;7?' roots .
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Table 73. -



Table T3. Uptake of Mg (in msm) by perennisl ryegrass

and blood compost at three levels of each.

1st Cutting

KN

2,77

2nd Cutﬁng'

Treat- ,

ments Ry R, Total Mean R, - R, Total Mean
¢ 1.83 2.00 3.88 1.94 1.78 1.31 3.09 1.55
FS{+KN 2.2 2.59 4,83 2,44 2.T4 2,89 5,63 2.82
FSpp#N 1,11 0.99:°2.10°31.05 2.65 2.54 5.19 2.60
BS #KF 0,69 0.55 T.24 0.62 1,83 1.42 3.24 1.62
ﬁnl 1.82 1.70 3.52 1.76 2.34 2.67 5.01 2.51
Dy 2.4 2.1 4.52 2.26 2,95 2.77 5.72 2.86.
BDp;  4.52 3.17 T.69 3.85 3.42 2.83 6.25 3.13
| 5.25 4.51 7.76 3.88 2.80 5.57 2.79




287.

| grown in Silwood soil of pH 6.2 treated with straw + KN03

3rd Cutting Root ¥

Rl R2 Total lean Rl B.2 Total Mean

1.11 0.83 1.94 0,97
1.62 1.72 3.34 1.67
2,14 2,03 4.17 2.09
1.51 1.42 2.93 1.47
1.66 1.73 3.39 1.70
1,91 1.98 3.89 1.95
2.25 1.58 3.83 1.92
1.3 1.19 2.32 1.16

. * N;?ﬁ.‘?iéle- a,mawﬂ;“s -fou/nd, n voots,



\
. »
. . -
" .
. .



 able TA.

Uptake of Ug (in mgml by perennisl rxegras

and blood coqpapt at three 1evels of each.

3,39,

4.08

3.51 =

1st Cutting 2nd Cutting
Treat- '
ments Ry R, Total Mean R, R, Total Mean
o 2,10 2.42 4.52 2,26 2.36 2.24 4.60 2,30
PS;KE 2,76 3.56 6,52 3.16 4,80 3.92 8.72 4.36
FSII¥KE 1.15 0.96 2,11 1,06 3,13 3.05 6.18' 3'09.
FSppp#EN 0,52 1.00 1.52 0.76 1.45 2.14 3.59 1.80
BD; 263 1.92 4.55 2.28 3.19 3.25 6.44 3.22
BDpy 2,99 3.51 6,50 3.25 3.75 3.2 7402
BDppr 4498 3.11 8.09 4.05 4,94 3.63 8.57 4.29 -

- 4.77 3.16 2.66 2.10 4,76 P

&.38

7

N



239.

grow in Silwood goil of pH 7.2 treated with straw + K_y_qj'

3rd Cutting o Root -

R Total liean

1

| Rl R2. Total lean R o

1.4% 1.18 2,61 1,71
1.77 1.93 3,70 1.85
1.75 1.75 3.50 1.75
1.49 1.88 3.37 1.69
2,42 2,04 4.46 2.23
2,81 2.37 5.18 2.59
2.95 2.64 5.59 2.80
1.32 1.30 2.62 1.31
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Table T5.



Table 75. Cumulative uptake of N, P; K, ¥g by perennial

treated with straw + 13:1\'{03 and blood compost at three

ReE=AR T ey 25

Treat- ‘
ments 1st 1st+2nd lst+ let 1st+2nd 1st+

2nd+3rd 2nd+3rd
¢ 8.85 18,13 25,13  6.30 14.80  19.42
FSp+#EN 11,14 20,74 27.41 6,71 13.57 18,23
FSp#EN 9,70 17.77 26,71 6.23 12,07  16.47
FSpp#KF  6.43 1L37 18,35  %.58  7.08  10.15
BD, 9.58 17.90  25.12  6.62 14,13 19,18
BDyy 12.62 22.85 - 30.65  T.48 15.20  20.14
BDy;y  11.85 23.09  30.98 8.8l 16.26  21.54
KN 23,10 36.95  43.35 10.54 19.64  24.42




29L.

ryegrass (tops only) srown in Silwood soil of pH 5.2

levels of each.

Potassiua (K)

Magnesiumn (ig)

(in mgms) {(in mgms)
1st  1lst+2nd  lst+ let  1st+42nd 1ot
' 2nd+3rd - 2nd+3rd
~ 14.19 " 25.69 32,71 1,27 3.98 | 5.15
31.68  48.35  57.79  1.34  4.17 5,36
27.33  40.78  52.47  1.97  3.88  5.66
17.70  26.60  37.04 1,12 2,19 3,67
18.65 30.94  39.47 1.48  4.30  5.63
24,03 35.82  A4.91  1.73  4.62 6.01
27.91  40.35 49,75  1.38  4.52 6,23 -
47.90 69.22 - 79;25 . 9.68 4.37 5.85
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Table T6.



Zable 76. Cumulative uptake of N, P, X, Mg by perennial

treated with straw + KNOB'and blood compost at three

KN 17.01

Nitrogen (N) PhQSphate (P205)
(in mgms) (in mgms)
Treat— — ,
ments 1st 1st+2nd lst+ 1st 1st+2nd lst+
_ . 2nd+Zrd 2nd+3rd
C | 7.08 14,58 20,51 5,29 11,18 14,81
F3.+KN 12,35 23.66  33.16  6.38 14;61 22,16
FSpp+KN  C.46 17.36 29,48 3,51 9.36  16.30
FSppp+HEN 3042 19.65 19.35 2,18 6,34 - 12,04
'BDI 8.25 17.61 = 27.45 5,28 11.27  17.80
BDyy 9.45 20.48  30.65  5.51 12.54 22,37
By 12.29 24.06  36.13. 07" 15,33 23,91
24,64  31.18 .82  15.84  21.50
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ryegrass (tops only) srown in Silwood .soil of pH 6.2

levds of each.

Potassium (K) Mé,gnesium (1g)
in mgas) | (in mgms)
1st 1lst+2nd  lst+ 1st 1st+2nd  1lot+
10.78  17.00  20.96  1.94 3,40  4.46

28.78  44.35  57.47  R.44  B.26  6.93
1775 35.29  AT.32  1.05  3.65  5.74
1,24 23.52 40.T4  0.62 2,24 3.1
13.54 22.33 © 31.22  1.76 . 4.27 5.97
16.96  23.67  36.06 2,26 5,12 7.07
23.85 34.54  47.76  3.85 6.98  8.90
33.85 46,10  53.95 3,88 6,67  7.83
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Tadle T7.



Table 77. Cumilative usbase of W, P. X, ‘g by percnnia

treated with straw 4+ XNO. and blood compost at three
’ P4

Hitrogen () Phosvhute (P,04)
(in mgns) (in mgus) < °
Tregt-— o o
ments lst 1lst+2nd 1lst+ lst lst+2nd lst+
‘ ’ end+3rd ‘ ' 2nd+3rd
¢ 9.66 18,01 23,53  5.20 13.62  17.31
FS KT, 15,08  27.26 36,52 5,66  16.38 23.69
PSp+EN  7.08  18.52  24.83 2.79  8.97 12.65
FSpppKH 5,42 11.41 21,02 2,68 T.51  14.04
BD; 15,00  24.94  34.89  5.17 13,28  20.05
BDr; 15.67  %1.78 42,80  5.93 14.47 20,75
BDppp 18241 30,19 43,61 T.30  17.14 26,76
KN 32,30 39.05  7.50 13.51  18.42




ryegrass grown in Silwood soil of pH 7.2

levels of each.

"Potassiun (K)

Magnesium (Mg)

(in mgms) (in mgnms)

1st let+2nd  1st+  1st  lst+2nd  lste
SR ‘ : 2nd+3rd | 2nd+3rd
12,18 19.85 23.83  2.86  4.56  5.87
28.51  46.67  50.53  3.16  7.52  9.37
15.16 - 51.40 43,55  1.06  4.15  5.90
13.22 26,74 47.52  0.76  2.56  4.25
15,66 25,72 34.26  2.28  5.50  7.73
19.92  31.49 4172 3.25  6.76  9.35
25.89 47.31  61.95 4,05  8.34  11.14
36.57 49,57 56,70  4.08  6.46  7.77

295.
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Table 78 PY



Table 78, Total dry matter yield of tops, of roots, of tops

+»KHO3 and blood Qompost at three levels of each.

69.4 31.1  87.3 5.35 3.429 1.772

5.201

Soil pH 5.2
Total Total Total Total Top Root Top+ Top/

N ?205 K Mg yield yield root Root -

 (Tops+ (Tops+ (Tops+ (Tops+ yield ratio

roots) roots) roots) roots)

c 41.8  25.3 38.1‘,5.14 2,081 1.200 3.281 1.7
FSp#KN  43.9  25.0  67.0 5,36 2.414 1.408 3.822 1.7
FSpp+KN  47.9 22,7 64,8 5.66 2,236 1.655 3.888 1.4
PSpo#KN 36,7 14,9 49,2 3.61 1.508 1.411 2,919 1.1
BD; 43.3  23.7 44,6  5.63 2,280 1.252 3,551 1.8
BDpy 45.7 24.4 50,2 . 6.01 2.48L 1.09 3.576 2.3
BDpp 557 21.3  57.0  6.23 2.314 1.481 3.795 1.6
KN 1.9
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297. , "’ (
+ roots of total N, total P 'P205.;.._§°..__.t3.___|._________&1 K, total M Quptske " py ryegrass grown in Silwood' soil treated with straw .
Soil pH 6,2 i : | o | | Soil pH 7.2

Total Total Total Total Top Root Top v Top/ R ‘Total Total Total Total ‘Top Root  Top+ Top/

¥  PO0; K = Mg  yleld yield Root Root R P0; K Mg  yield yleld root Root
(Top_sd»i‘(,ﬂgps‘* (Tops+ (Tops# yield Ratio | (Tops+ (Tope+ (fops® (Tops+ - yleld Ratio
roots) roots) T008) roots) ' - jroot.sr)‘ roogs) roots) roots) ‘
37.0 18,7  25.3 4.46 1.987 0.9 2.923 2,1 . 41,7 21.7 26.4  5.87 2,394 1.306 3.700 1.8
59.0  29.4 64.8 6.93 3.173 2,243 5.416 1.4 62,6  30.9 66.0 9,37 3.551 2.369 5.920 1.5
57.1 22,7 55.9  6.73 . 2.425 1.607 4.032 1.5 841 1T.3 5046 - 5,90 2,348 1.546 3.894 1.5
41.8 19,0 - 49,9 ' 3,71 1,888 1.345 3.232 1.4 40,8 20.8 55.2  4.24 2,130 1,601 3.731 1.3
51.2  24.8  35.3 5.96  2.477 1.528 4,005 1.6 | '59.6  28.2 38.0  7.73 3.075 1.884 4.959 1.6
50.5 27.8 39.9 7,07 2.548 1.513 4,061 1.7 63.5 26,2 44.6 9,35 3.20 1,512 4,707 2.1
70,4 32,7 53,5 8.89 3.020 2,056 5.070 1.5 69.4 33.1 65.7 11,13 3.693 2,067 5.759 1.8

60,1 30.5  67.8  7.83  3.425 2,522 5.746 1.5 67.9  25.7 60.3  T.TT 3.494 2,016 5.510 1.7
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- Table 79.



Table 79. ZXercentsge recovery of added‘N,—P, X, Wz from
differcnt ri. ' |

- Percentage recovery Percentage recovery of
- of ad%eg Nitrogen added Phosphate (P205)
- (R)

Soil Soil  Soil Soil Soil Soil

pi ol = pd PH pH pH

5.2 6.2 7.2' ' 502 ’ 662 702
F$I¥KN 4.7 49.2 46.7 -44.2 205.8 175.9
FSpppHT  -4.9 $.62 0.9 -50.0 1.4 4.3
BDryy 6.9 16.5 13.7 8.0  56.0  45.6

KN ©110.4 92,4 104,8
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~ Percentage recovery of ‘Percentage recovery of

added Potassium (K added Magnesium (Mg)
Soil  Soil  Soil . Soil - Soil. Soil

PE pH pH pH pH ~ pH
5.2 6.2 . i2 Y 5.2 ’ 602 ’ 7.2

53,0  76.2  T2.7 6.4  T1.6 101.5

24.5 29,9  22.2 7.5  18.4 0.4

5. 12,2 13.2  -11.1 -5.4  1L.8
65.0 120 116 13.5 414 51.3
60.5 85 91  12.0  36.0  48.0

47.3 75.5 98.3 7.52 30.6 36.3
&n 1.3 64.5 49.1 '
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. Table 804



Table 80. The order of yields due to different ireatment

treatments. Bottom half of table: blood compost vs.

Top Yida Root Yield Top+Root Yield

pH pi  p Soil pH Soil pH

502 602 702 5.2 602 7.2 5.2 6'2 7.2
KN 1 1 1 1 1 a2 1 1
FS,;+KN 2 1 1 235 1 1 2 2
FSp4RKN 2 2 2 12 2 2 3
B 33 2 25 2 3 3 4 3
¢ 1 3 3 2 3 2 2 3 3

- BDg 1 2 2 12 2 1 12 2 2

BDry 1 2 2 2 2 2 2 2
BDryp 11 1 1 1.1 1 1 1

a1t & Commmnn ~anrJh )
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£172v354), Top half of table: straw + KO, vs. KNO,

control treatments.

Total N uptake Total P,0 Total K uptake Total Mg Uptake

uptake 275
Soil pH  Soil pH Soil pH  So0il pH
502 6'2 7.2 5&2602 7.2 5.2 6.2 7.2 502 6;2 7.2
i 1 1 1 1 2 1 1 12 1 1 1
23 1 1 2 1 1 2 1 1 i 12 1

2 1 2 2 2 3 2 12 2 1 2 2
3 2 2 3 3 3 3 2 2 2 3 2

2 3 2 1 5 3 3 3 31

2 2 1 2 2 25 2 2 1 23 2

2 2 1 2 2 2 2 2 1 2 2
12 1 1 1 1 1 1 1 1 1

@,J?,,,\mw o~ ik s«':‘}méﬁqaw\—\) Q\«ﬁ,&“—}:
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CHAPTER VI

The effects of straw and compost on the performance of
ryegrass in a calcareous soil with: - |

(a) Nitrogen as the only limiting nutrient, and

(b) Phosphorus as the only limiting nutrient.

‘/  (1)  Introduction
| (i1) | Experimental
(ii1) ~Results

(iv)  Discussion

(v) Summary and Conclusion
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Introductlon.

The pot experiments described in previous ohapters
were done with a soil adjusted to varying pH levels before
treatmat. All the pH levelsﬂused‘repfesented unsaturation
. or just saturated soil (pH 7.2) and there is a possibilify
that differences due o treatment may well have been due to
differences in pH induced by the varying treatments,

It was decided therefore to carry 6ut en experiment with
a calcareous soil, which, by virtue of the buffering eftect
of the free calcium carbonate present, Wou]d eliminate any
differences in pH induced by the treatments. ~ Only two
nutrients'were gtudied, namely, nitfogen‘aﬁd phoéphorus, and
the exneriment wag done in such a Wdy that only nitrogen or

‘only phogphorus was limlting.
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Experimental.,

‘ Detalls of the calcareous soll used are given in
‘Chapter II (the soil was obtained from & garden in South

" London)., Texturally it is a sandy loam and contained 0.76%
free calcium carbonate, The details ofthe pot experiments
4Were as described in the pre#ious two chapters except that
 the soil was mixed with an equal weight of acid-washed sand
‘(this.miiture will hereinaftef be referred to as the soil).
The straw.éhd‘four.different composts were added at tﬁe 1%
level, being mixed with the soil before this was placed in
'. tﬁe pots.» The ryeérass seed was sown and the éoils.wére
‘moistened. After emergencelthe'following nutrients were
applied‘in sqlution: | ‘

Nitrogen limitiggé A basal dose of 50 1b. nitrogen per acre

- was supplied as potassium nitrate to all pots including the
cdntﬁbl. This was done to ensure thet at least some growth
'df.ryegrass wbu1d be obtained, since it was considered fhat
if nitpate was not added ryegrass yields might be so poor,

. particulsrly with the straw treatment, that insufficient
naterial would be available for analysis. KH2P04V(100 1b.
P205 per acre) was'applied to ensure that phosphorus was not
limiting; half of this was applied after emergence and half
after the first cutting. The potassium supplied in the KNO,
and KHZPO4 was reckoned -as being sufficient to ensure fhat
this‘elementvwould not be limiting, Previous work with this
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soil (113,’114) showed that it was very well supplied with
both magnesium and sulphate, so that these major elements
.were not adaed. Trace elements were not added since -
"field" experience of this soil has indicated that these
wefe not limiting.
Phosghorus limit;gg:‘ Nitrogen was added at the rate of 150 1b,
per acre in the form of pofassium nitrate (100 1b being
added after emergence and 50 1b. éfter the first outiing) to
all pots including the contrél. ”

'The ryegrass was sown on 10th June,'1961 and the three
‘ cuttings were made 64, 125 and 215 days after sowing. Roots
were separ arated from the soil after the final outting. The
cuttings and roots were handled and analysed as described in

Chapter IV.
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Results. o |

The tables and figures derived from the results are
| summarlzed below: '
| Dry matter yields of the three cuttings and roots are
shown in Tuble 102 for the p‘hosp‘horus--limitinb and in Table
103 for the nltrogen-limlting test.

P205 percentage in the three cuttings.and rqots are
shown in Table 104 for the phosphofus-limiting test and N
‘percentsge in the three cuttings and roots in Table 105 for
the . nitrogen—limitino teat. '

Uptake of P50 (dry matter yields X P205 percentage) in
the three cuttings and roots are shown 1n Table 106 for the
P-liniting test and corresponding uptake of nitrogen for the
| nitrogen—llﬂiting test in Table 107. |
~For the phosphorus-limiting test total dry natter _

- yields ‘oi' the combined tops and total 2,0 5 uptoke by the
:*co@binéd-fops are shown in Table 108, ’This‘table\élsq

shbﬁs thé percéntage recovery df applied nufrienfs in the
three outtings an& roots arranged cumulatlvely and also shows
.top/root ary matter ratios.

Tor the nltrogenplimiting test total dry matter yields
\of the combined tops and total nitrogen uptake by the COM=
bined tops are shown in Table 109. This table also shows
'percentage recovery of applied nitrogen and. top/root dry

natter ratlos.
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The above tables will be found at the end of this
chapter, Tables 110-123 relating to statistical treafment‘4
of the results, will be found in the appendix. |

" For the phosphorus-limiting test Fig. 29 shows tﬁe;
cumalative dry matter yields of the three cuttings; Fig. 30
"shows 9205 percentage in each cutting, and Pig. 31 shows ﬁhe
cumulative P205 uptake in the cuttings.

| For the nitrogen-limiting test Pig. %2 shows the cumul-
ative dry . matter ylelda of the three cuttlngs, Blg. 33 shows
| the nitrogen percentage in each cutting, and Fig. 34 shows
the cumulatlve nitrogen ﬁptake in the cuttings.

The above figures will also be found at the end of this

‘chapter.

Phaspho s—limiting tegt.
| Dry nmatter yields of the combined tops deoreased in the
order: |

G¢ SG¢ BD NG FS G-

Thus the grass and sludge composts‘gave'the highest'yieids
which were‘significantly better than all other treatﬁénts
f(including‘thé control), betweéﬁ which there were no a;gnifif
cant differencea. - R

Dry matter root ylelds decreased in the order:

G6_ FS 3G ) BD NG C




PLATE 7.

Comparative growth of perennial ryegrass grown in‘
Calcaréous soil phosphate'limiting (~P) and nitrogen
1 limiting (—N), in the treatments - cdntrol (U), straw
(F8-1%) and nitrochalk composu (NC-I%), blood compost
,(BD-l%), sludge compost (SG-l%) and grass cdmposf »
(GG=1%), 's shewn: |
vPhotograph was taken before the 1st cuttlng when the
plants were 60 days old from the date of sowing.
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Only the grass and sludge composts and the fraw tréatment
gave significantly higher yields tlan the control.

Total dry matter yields (combined tops and roots)
decreased in the order:

GG SG PS5 BD  NC C

Only the grasé and sludge conpost treafmégfs increaséd yields
over the control. | | o

otql uptake of phosphorus by the combined tops and
ioots decreased in the order: | o \\ 

8¢ @& FS_WC _BD ¢

Thus the sludge compost produced the greaﬁgst phosphorus
uptake followed by the grass compbst.w The}étraw and nitro-
ehalk anqblood oompost algo increased total phosphorus
significantly. o i Kf\,‘

Fig. 29 shows that with the exception of the straw
treatment cuﬂulative dry matter yields of topu tended to be
parallel with the control; the straw treatpent resu1ted in
proportionately less dry matter yieldvinﬁthé fiﬁst thankin‘v
the last cutting, A comparison of Fig. 29 with Fig, 31
(showing cumulative phosphorus uptake in the three cuftings)
shows a very similar trend with respect to tréatmentS‘in both
dry matter yields and phosphxrus uptake. Pig. 30 shows thaf |
P205 rercentage for all {reatmenis except straw aﬁd nitro~

chalk compost was higher in the second than in the first and
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third cuts and was also hlgher in the third than 1n the
first cuts for a1l treatments. ’

‘There were little differences in dry matter‘toﬁ/roof
batios (Table 108) between the treatments, inoluding th§
control, except for the straw treatment, whichlresuited in
: é lower top/root ratio than did the others.. |
The values for percentage recovery of applied phosphorus
. showed that in the first euttlng there was a positive
| recovery of phosphorus with all treatments except straw,'
which, during the growth period upto the first cut had caused
immobilization of native soil phosphorus. By the second
cuttlng hpwever even the siraw resnlted in positive recoVery
6f appliéd-phosphorusQ Final recoveries were highest from
straw and grass conpost and then decreased in the order |

nitrochalk compost, blood compost and gludge compost.

,‘Vitrogenplimiting test.

Dry matter yields of the combined tops decreased in the -

~order-

GG___ED _S5G¢__NC ¢ FS
Thusgit is seen that allytreatments except straw produced.
highér yields‘than did the control; there were no differences
in results between the Ffour composts. |

- Dry nmatiter root yields decreased in the order:

§G__ GG BD NC FS C




PLATE 8A.
Comparative growth of perennial ryegrass grown in
caicarébus soilrphosphate limiting (-P) and nitrogen
limifing (;N) in the trestments - e¢ontrol (C), siraw
(FS-1%) and blood compost (BI-1%). ) |
Faotograph was taken before the lst cutting when the

vplants were 60 days old.
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There were no significant differences in results between
the four composts, all of which exceeded the control;
straw did not produce significantly different root ylelds
from the control,

The combined dry matter ylelds of top and roots decreas~
ed in the order:

GG __S¢ BD NC C _PS

Thus the four composts produced the same effect and were
significantly greater than the control, whilst straw was not
significantly different from the control.

Total uptake of nitrogéﬁ (éombined‘tops + roots) decreas-
ed in the order:

8¢ GG BD NC Cc__ TS

Thus sludge and grags comyoéts resulted in significantly
greater uptake of nitrogen than did nitrochalk compost,
whilst blood compost was not significantly different from
the other composts. All composts caused significantly
greater nitrogen uptake than dld straw and fhe control.
Cumulative dry matter production in the three cuttings
(Pig. 32) was approximately parallel for all treatments
except grass compost, where proportionately less dry matter
was produced, compared with the other treatments, in the
final cutting, All treatments, except grass compost ceused

proportionately greater dry matter production than in the
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control in the Pinal cubting. The straw trestment resulted
in much reduced dry matter production in the first cutting
compared with the control, buf by the final cutting total
dry matter yields were not sigﬁifigantiy‘different from the
control. |
Nitrogen percentage waé less in the second than in the
 first and third cutting for sludgevand grass composts
(Fig. 33), buf was greatest in the second cutting for the
blood and nitrochalk composts., Nitrogen percentage in the
control decreased and in the straw treatment increased with |
guccessive cuttings. ‘
 Cumulative nitrogen ﬁptake (Fig. 34) by the successive
cuttings'parélleled that of cumulative dry matter yields
(rig. 32). Nitrogen uptake in the first cutting was much |
less for the straw treatment than with the control but by |
the final cutting total nitrogen uptake was similar. for both.
Dry matter top/root ratios (Table 109) were not greatly
different between the t#eatments, including the conmtrol,
éxcept for the straw treatment where tdp/rnot ratio was
‘rather low. i |
| Values for the percentage recovery of appliéd‘nitrogen
from the adééd orgahic naterials (Téble IOS)A(and'this does
not iﬁclﬁdé the nitrate-nitrﬁgenvadﬂad) were negat1ve fbr

the straw treatment with all cuttings and even by the end



PLATE 8B,
Comparative growth of perennial ryegrass grown in
calcareous soil P-limiting (-P)'énd N-limiting (-N)
in the treatments - nitrochelk compost (NC—1%), sludge
compost (8G-1%) end grass compost (GGQI%).‘% showon .
Photograph ﬁas‘taken,before the lst cutting when the

plaﬁte Weré 60 days old.
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- of the test. Nitrogen recovery from the four compostis was
- very similar at all stages though there was a tendency for
recovery from niﬁrodhalk and blood composts to be somewhat
lower than from sludge and grass composts in the first

cutting.



PIATE 9.
Comparative growth of pere‘nhialffyegras‘s grown in
calcareous soil P—limiting (-P) and I\T—limitlng (-m)
in the trea‘bments - con’crol (G, straw (Fo»l a), sludge
,conpcsm (Ci(x——l‘/”) and - blood compost (BD-l%), g;rass
compost (CG—l %) 160 shown
'_l:'notograph we.s taken before bhe 3rd cutting when the
plants were 90 da;ys old arter the 2nd cuttlng.
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Discussion.

‘ In the phosphorus-lhmiting test dry mnatter yields and
total phosphorus uptake were posltively related to the P
percentage of the matcrials applied. vThus when éll‘nutfients
except phosphorus were applied in adeguate amounts the
availability of phosphorus was related to the phosphorus
content of the materials. Soil treated with all materials
showed a rate of organic phosphorus mineralization iﬁ excess
of thot of the control znd this applied particularly to the
two materials containing the highest P percentage, namely
the sludge and grass composts.

The efficiency of utilization of‘the phosphorus from the
various naterials, as shown by recovery of the pﬁbsphorﬁs
from the naterials, varied considerably and was not related
to the P percentage of the maﬁerials. Thus highest
recoveries were obtained from grass conpost and straw, the
former having the second highest and the latter the lowest
phosphorus content; the sludge cdmpost, having the highest
phosphorus“content, showed the lowest recovery of phosphorus.
This indicates that much of the phosphorus present in the
sludge compost was unavailable to ryegrass., This is
probably related to the fact that the sewage sludge usegho
prepare this compost was high in iron, this iron having been
derived from the iron salts added to the digested sludge to
aid £iltration,. The iron had probably locked up much of
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.the phogphate as ferric phosphate, which is ﬁnavailable to
plants. However, in spite of the presenée,of much of the
phosphorus in the sludge compoét as ferric phosphate, this
materisl still promated the greatest uptake of phosphorus
in the ryegrass, indicating that the organically bound
phosphorus in sludge compost.was readily mineralizéd and,.
having been mineralized, was availablg to the plant, aﬁd
was not immobilized by the free chalk present in the soil, |
This is confirmed by the high P percentage, particularly in
the first and second cﬁtfings of ryegrass, where sludge was
'applied, as. compared with results obtained.with the other
materials., |

The high reéovery of phosphcrus‘from‘the straw is rather
surprising in that it might have been expected that the wide
éaiﬁoﬁ/nitrogen ratio of the straw should have resulted in
permanent immobiliZatioh of at least some of the phosphérus
applied in this material. In fact, the negative recovery of
phosphorus obféihed in the first cutting indicatedtthat
immobilization did im fact take place early in the test, but
much of this immobilized phosphorus became available to the
plant at a later stage.» This is confirmed by*comparing the
cumulative uptake of phosphorus curves for the control and
straw-treated soll. Alternatively or in addition the high
: "apparenf".reodvery of phosphorus from the straw may have

been due to the high biological‘activity induced by this
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treatment, resuliing in release of much oarbon dioxide,
which through formation of carbonic acid, resulted in the
dissolution and increased availability of native phosphates
such as hydroxyapatites (it is interesting to note that a
well-known chemical method (115, 116, 117) of assessing the

- phosphorus status of calcareous soils involves defarmining
the phosphate dissolved by bubbling carbon dioxide through
‘a soil-water suspension). Thus thé high recovery of the
phosphorus £rom the straw may not in fact be feal, but due
to the indirect effect of the decomposing straw in helping
to mobilize native phosphates. This effect can be confirmed
‘only by studying the effect of the addition to soil of straw
oontaining labelled phosphorus.

In the nitrogen-limiting test total uptake of nitrogen
by ryegrass was positively correlated with the nitrogen
percentage in the composts, whilst the straw treatment had
no effect of nitrogen uptake. However, nitrogen'uptaks was
not significantly different between the sludge, grass, and
 blood compost treatments, Conditions for nitrogen |
mineralization in the calcareous soil would be idaél,.ao
that nitrogen uptake and growth would be determined largely
by the rate of mineralizatioh of nitrogen from the organic
materials added. This is confirmed by the close parallel
 between cumulative dry matter yields and cumulative nitrogen

uptake for each treatment, The c¢lose parallel between the
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eumnlétive nitrogen upbtake curves of the gludge, grass,
and blood composts indicates that nitrogen was being
mineralized-at the same rate, at least in the middle and
later part of the test, frbm;all these materials, The
nitrogen in the nitrochalk compost mineralized somewhat
more slowly than did that in the other composts, but still
better than did that in the control,

‘The straw treatment caused considerable immobilization
in the early part of the test, as indicated by the boor
nitrbgen uptake and low yields'in the first cutting when
the strew treatment was compared with the control. This
immobilized nitrogen, however, eventually became available
to the further cuttings of ryegrass, as indicated by the
fact that final dry matter yields and total nitrogen uptake
were not signifieantiy different between the control and
ptraw treatment. None of the straw-nitrogen became
avallable to the ryegrass, as indicated by the slightly ?
negative recovery of applied nitrogen for this treatmqnt.
The increasing availability with time of thé initially-
imhobilized nitrogen due to the grass treatment is shown
even more clearly in the way in which nitr5gen percentage
in the successive cuttings of ryegrass increased with the
straw treatment and decreased in the control. The shape

of the former curve also indicates that with a longer period
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of'gr5w£h some of the strawanitrpgeﬁ nmay have become
| availableﬁio.the ryegrass. | |
Tﬁe.percéntage recovery of nitrogen by the ryegrass
’ from all the composts was very similar ranging from 12,0%
t0 14.5% of that applied. This indicates that, at least
in calcireous soils, there is a geﬁerai similarity in the
extent of g#ailability of the nitrogen from all four
materials. ‘These results can be compared with those
obtained«Witﬁ soils of three different pH levels described
in ChapterfiV,“ At pH 7,2 the recovery of nitrogen was
better ffoﬁ blood compost than from the others, whilst at
PH 5.2 the reverse was true. This indieates the importance
of pH on differential nitrogen availability effects.
Thg/repoyary of phosphorus from the composts using the
caldaregaagéoils in this study may bgbompared with phosphorus
'recoveéy iﬁ ﬁhe soils of different pH in Chapter IV. In the
calcareoﬁé so11 recovéfy of phosphorus from the composts was
, greatnr Ior a11 materials except the blood compost than in |
:the soil of o1 7 2. However, at pH 6,2 phosphorus recovery
" was greater than in the calcareous soll for théiblood compost.
A compariépn of the results obtained for tha:dalcaréous"
s0il and the soils of the three pH levels described in
Ghapter IV indicates that whereas with the latter soils lack
of nifrogen may in general have been limiting ﬁhosphorus
vptake, except for the blood compost, lack of Phosphorus was
‘not limiting nitrogen uptake by the ryeg#aas for any of the
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" composts.

Summary and Conclusions.

| Pot tests with ryegrass in a 1:1 mixture of sand and

a calcareous soil (0;76%) treated with‘lﬁ 1évelsvof'6traw
~'and nitrochalk, blood, sludge and grass composts were
carried out, Major elehents~Were added so that‘one'series
‘invbivédv vhosphorus and another series involved nifrogen

- as the only 1imiting-nutrient.

Phosghorus~limiting test.

The tota] uptake of phosphorus by the combined: tops and
roots was in the order sludge compost > grass compost > straw
o= nitrochalk compost = blood coméost‘> contrél.,

‘: Phaphorus percentage in the cuttings was greater in the
- gecond than in the first and third cuttings for all treatments
exoept straw and nitrochalk, ‘ |

Only the grass and sludge composts resulted in total
dry matter yields in excess of the control..

The récovery 6f applied phosphorus was in the order
rgrassy‘compost;>straw}#nitrochalk compost > blood compost >
‘.slﬁdge‘compost. | | |
- Nitrogen-limiting test.

- The total uptake of nitrogen was in the order sludge
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'compost = grass compost = blood compost)-nitrodhalk eompost’>
control = straw.

Nitrogen percentage in the three successive cuttings
1of ryegrass increased with the straw tredtment, was at a
maximum in fheﬂsecond.cutting with blood and nitrqcha}k
composts and was at 2 minimum in‘the-éecdnd cutting ﬁith
siudge and grass compost treaﬁhents. |

The total‘dry natter yieids were similar with the four
composts and were greater for these than for the straw
~ treatment or control. | _
There waSvnd recdﬁery of nitrogen from straw whils®t
 recovery of nitrogen from the four composts was fairly

similar, ranging from 12.0% to 14.5%.

The general conclusions from the phovphorus—limiting
test were (a) grass and sludge composts resulted in better
performance of ryegrass than 4id the blood and nitrochalk
composts, (b) straw was as satisfactory as were blood and
'nitrochalk‘composts, and (¢) the apparent utilization of
applied phosphorus was best from grass compost and straw and
'worst from sludge compost. ' |

The general conclusions from the nitrogenﬁlimiting test

Were-(é) grass, sludge and blood composts resulted in better
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verformance of ryegrass than did nitrochalk compost,

(b) straw resulted in poorer performande of ryegrass than
did all the compost treatments, but was not inferior to
the control, and (c) the apparent utilization of applied
nifrogen was very gimilar from all the composts,‘whilst

none of the. straw nitrogeﬁ.was utilized.
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~ Table 102 :

‘mable 103.



Table 102. Top and root vield (4n gns) of perennial ryegrass

1st Cutting o . 2nd Cutting

31 R, Rj Total,Average‘ Rl Rz‘ R3 Total Average

¢ 0.894 0,731 0.813 2.438 0.813. 0.724 0.609 0.682 2.015 0.672
FS 0.959 0.628 0.521 2.108 0,703 1.099 0.895 0.808 2.802 0.934
NG 1.0%3 1.070 1,054 3.157 1.052 0.670 0,751 0.824 2,245 0,748
BD 1.024 0.844 1.240 3.108 1,036 0,807 0.645 0.848 2.300 0.767
SG 1.16% 1.656 1.364 4.183 1.394 0.942 0.713 0,796 2.451 0,817
GG 1.643 1.615 1,450 4,708 ' 1.56% 0,912 0.830 1.084 2.826 0.942

 Dable 103. Top and root yield (in gms) of perennisl ryegress

1s$ Cutting | 2nd Cutting

Ry R, Ry Total Average 31 R, Ry Total Average

C 0,952 0.770 0.853 2,555 0.852 0.492 0,402 0.409 1,303 0,434
FS 0.332 0,413 0.296 1.041 0,347 0.469 0.525 0,602 1,596 ~0.532
NG 0,896 0.942 1,033 2,871 0.957 0.524 0.567 0,607 1.698 0.566
BD 1,069 1.117 0,949 3.135 1.045 00,745 0.701 0,562 2.008 0.669
SG¢ 0,943 1,243 0.943 3.129 1,043 0,715 0.699 0.614 2,028 0,676
66 1,000 1.209 1.109 3.518 1.106 0.640 0.736 0.657 2.033 0.678




| grown in calcaraous soil (P—limiting).
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3rd Cutting

Root

Rl 32 .R3 Total

Average R1 R2

R3‘

Total Average

0,534
0.699
0.591
0.593
0.660
0.732

0.552 0.502 0.549 1.603
0.75% 0.698 0.657 2.098
0,598 0.578 0,597 1.773
0,566 0.535 0.678 1.779
0.730 0.639 0.610 1.979
0.746 0.720 0,731 2.197

1,487

1,063
1.505
1.058

0.880 0.977
1.270
1.371
1.413%

1.460
1.160
1.248 0.971

1.945 1.777 1.455

1.268 1.458

2,920
4.23%5
3.589
3.632
4.21%
5.177

0.913
1.412
1.196
1.211
1.404
1.726

Tatal

growvn in culcarcous soil QN—limitiggﬁ.

8.306 7.516

T.944 23766

 3rd Cutling

Root

R, Ry - By

Total Average Rl‘ R2 R3

Total Aversge

0.323
0.472
0.456
0.464
0.444

04372 0,289 0,307 6.968
0.419 0.444 0,553 Bu416
0.439 0,407 0.522 1.368
0.451 0,475 0.468 1.302
0.438 0.472 0,423 1.353
0.392 0,485 0,498 1.375

0.458

0.937 0.710
0.942 0,912
1.071 1.132 1,358

1.211 1,273 1.250

1.%25 1,525 1.069

1.268 1,384 1.191

0.844
1.221

2.491 0,830
3,075 1.025
3,561 1,187
3,734 1,245
3.929 1,310
3,843 1,281
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Table 104,

Table 105,



Table 104. Pecentage vhosrthate (FZOa) in the topand root

lst Cutting : © 2nd Custing

Ry Rrp III Ry Ry Rr11

C  0.344  0.344 0,544 0,369  0.413  0.463
S 0.344 £.705260 0,344  0.413 0,463 0,513
BC  0.369  0.344  0.344 0.463  0.438  0.463
BD  0.344 0,413 = 0,275  0.463 0,463  0.463
S¢  0.581 | 0.513  0.465  0.650  0.725  0.700
66 0,344 0.369  0.463 0,513 0.525  0.488

Table 105. Fercentage Nitrogen in the top and root of

1st Cutting 2nd Cutting
- Bp Ri1 Ri11 Ry Rrp Rrr1
C 1.00 1,05 1.05 0.98 1.05 B.95
3 0.84 0.80 1.13 0.93 0.98 1.13
KC 1.1% 1.03 1.05 1,01 1,20 1.10
BD 1.06 1,04 1.05 1.20 1.20 l1.28
8¢  1.18 1.1Y° C1l.31 1.20 1.08 1.18

GG 1.19 1.20 1.36 1.13 1.20 1.36
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of perennial ryegrass grown in calcarous soil P-limiting.

" %rd Cutting | Root

R R

By A1 Rr1g I 1T III

0.344  0.388  0.438  0.275  0.275  0.275
0.437  0.506  0.506  -0.275  0.319  Q.344
0.438 0,438  0.513 0,369 0,344  0.344
0.463  0.438  0.438  0.319  0.344  0.344
0.513  0.513  0.628  0.388 0,368  0.438
0.438 0.438  0.463  0.344  0.344 - 0.369

ryegrasg grown in caleareous scil N-limiting.

3rd Cutting ~ Root
By Rrr Rrrr By Byr  Bmnx
0.95 0.74 0.86 0.86 0.95 0.80
1.08 1.08  0.95 0.84 0.90 0.98
1.06 1.06 1.05 1,05  0.95  0.90
1.05 1.08  1.43 1,06  1.00 0.99
- 1.35 1,11 1,55 1.05 1,08 - 1.03

1.23 1.26 1.2l 0,90 0,90 0,95
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Table 106.

Table 107.



Table 106, Iotal wptake of phosphate (2,0 - in ngms) by

1st Cutting 2nd Cutting

Ry ‘RII RIII Total Average Ry RII‘.RIII Total Average

¢ 3.08 2,51 2,80 8.39° 2.80 2,67 2.52 3.16 8,55 2.78
FS 3.30 1.69 1.79 6.79 2.26 4.54 4.14 4,15 12,83 4.28
NG 3,81 3.68 3,63 11.12 3.71 3,10 3.29 3.82 10.21 3,40
BD 3.52 3.49 3.41 10.42 3.47 3.75 2.98 3.92 10.64 3.55
56 6,76 8,50 6.31 21,57 7.19 6.12 5.17 5.57 16.86 5.62
66 5665 5.95 6.71 18,32 6311  4.68 4.36 5.29 14.33 4,78

. Table 107. Total uptake of Nitrogen (N - in mgms) by perennisl

1et Cutting ond Cutting

.BI' Ryg RIIi Iotai Avérage Ry Rip RIII« Total‘Average

6 99.52 8.09 8.75 26,36 8.78 4.82 4.22 3.89 12.93 4.3l
CFS 2,79 3.33 3.34 9.46 3.15 4.36 5.14 6.87 16.37 5.46
NG 10,12 9.70 10.84 30.66 10,22 5,29 6,80 6,66 18.77 6.26
©BD 11.33 11.62 9.96 32,91 10.97 8.93 8.41 7.19 24.53 8.18
S 11,13 13.80 12.34 37.27 12.42 8.58 7.55 7.24 25.37 7.79
GG 11.84 14,51 15,08 41.45 13.81 7.23 B8.54 7.62>:23.59 7.80
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perennial ryegrass grown in caleareous soil - P-limiting,

3rd Cutting Root

Ry Ryt Brpp To%al Average By Brr  Byyg Total Average
1,90 1.95 2,40 6.25 2.08 2.92 2.42 2.69 8,03 2,68
3,29 2,53 3.27 10,09 3,%6 4.14 4.66 4,37 13.17 4.39
2,62 2,53 3,06 8,21 2.74 3,90 3.99 4.72. 12,61 4.21

2,62 2,34 2,97 7.95 2.64 3.98 3.44 4.86 12,28 4.09
Z2.74 3.28 3.83 10.85 3,62 5.97 4.92 6.39 17.08 5.69
%2.26 3,15 3,33 9.79 3.27 6.69 6.11 5,37 18,17 6.06
ryegrass grown in calcareous soil -~ ﬁ~1imitigg‘

3rd Cutting Root .

Ry Rip Rrgp Total Average Rg Ryy Rppp Total Average
3.53 2.14 2.64 8,31 2.77 8.06 6.74 6.75 21.55 7.18
" 4.5% 4.80‘ 5.25 14.58 4,86 7.91 8,21 11,97 28,09 9.36
4.65 4.31 5.48 14.44 4.81 11,25 10.75 12.22 34.22 1l.41

5,91 5,24 6,56 17.71 5,90 13.91 16.58 11.01 41.50 13,853
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Table 108,



Table 108, Cunulotive top yield (in egms) and uptake of

phosphate by perennisl ryeerass grown in calcareous soil

Top Yield ~~  Cumulative total P,0;
1st 1lst+2nd 1st+  1lst 1ot+2nd lst+
EE 2nd+Prd - 2nd¥3rd

¢ 0.813 1.485 2.019 2.80 5.58  T7.66
CFS 0,703 1.636  2.3% 2.26  6.54 9.90
NG 1.052 1.800 2,391 3.71 7.1  9.85
BD 1.036 1.803  2.396 3.47  7.02  9.66
SG¢ 1.394' 5,211  2.871 7.19 12.81  16.43
G& 1.569 2.511 - 3.243 6,11 10.80  14.16




328,

rhosphate Sin.mgms! and percentage recoverz of added

P-1imiting.

Percentage recovery
of added P205

1st lst+2nd  lst+ 3 Top/
2nd+3rd Cuttings Root
+Root Ratio

| | 2.1
51.9 9.2 2L.5 38.0 1.7
8.4 14.2 20,3 34.4 2.0

5.4 11.5 16,0  27.4 2.0
6.3 10.5  12.7 17.1 2.0

14.2 22,7  ©27.9 42,3 1.9
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| ‘Table 109.



Table 109. Oumulative ton yield (in gms) and uptake of

nitrogen by'perenniallryegrass_grown in calcareoms soil

. Top Yield . Cumilative total N
Cuttings . © Cuttings

1st lot+2nd  1st+ lst 1st+2nd  lste+

S 2nd+3rd | , 2nd+3rd
¢ 0.852 1.286  1.609. 8,78 13.09 . 15.86
FS 0,347 0.879  1.351 . 3.15 8.61  13.47
NC 0,957 1.523  1.979 10,22 16.48  21.29
BD 1,045 1.714 2,178 10.97 19.15  24.66
SG¢ 1,043 1.719 2,165  12.42 20,21 . 26.11

66 1.106 1.784  2.242 ‘13.81 21.61  27.26
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nitrogen Qin.mgms) and_percentage recovery of added

N-Limiting.

Percentage recovery
of added N

Cuttings + Root

1st 1st+2nd 1lst+ 3 Top/
2nd+3rd Cuttings Root
+Root Ratio

| 1.9
~14.3 -11.3  =6.1 “3.1 1.3
2.0 4.6 T.4 132 1.7
2.2 6.0 8.7 14,0 1.7
5.1 6.1 8.8 . 14.5 1.7

3.8 6.8 8.6 12,0 1.8
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- CHAPTER VII

A study of the effects of straw and composts on the

growth of and nutrient uptake by two sucéessive orops

of wheat.'
'(i)l Intreduction
(11) Experimental
(111) Results
(iv)“ Discussion

(v}  Susmary and Conclusion.
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Introduction.

| The studies vhich have been reported in this thesis
" up to now have been done with ryegrass as the test crop.
. This species is upeful in studying the long-term effects
of manuriel applications, since successive cuttings of
ryegrass may be made and the Yesldual' effeets of a material
‘may be determined by noting the performance of the latér cuts
of ryegrass. There is a possibility however‘that the true
residusl effects of a .manure mayvbé obscured by much of the
appliéd nutrient beihg 1ocked up in the root sysfem of the
- grass. In vieﬁiof‘thia 1t was decided to carry out a pot
ezpefiment using two successive crops of wheat, since’this
thi§ species does not form an extensive roét'systemyand
would thus indicate more accurately the residusl effects of

“the orgenic menures.
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Experimental. |
The soil used in the pot test was a sandy clay loam

(the Harlington soil) of pH 6.2, detailed characteristics

of which ére given in Chapter II, The 6rganic materials
were applied at the 1% rate and the straw treatment received
in addition 100 1b. nitrogen per aocre as KN03. A KNO3
treatment (50 1b. N per acre) and & control were included.
(The treatments were in faetvidenticalvwith those given in

| the experiment described in Chapter IV except that the poor
comnost treatment was excluded). Details of the treatments

are given below: (all treatments were in triplicats).

Treatnents Abbrevia~-  Dose Actual gquantity
tions applied for 500gm
“ : soll
Control ¢ Nil1 0 N1 |
Straw + KNO, FS 1%44100 1bs, | o
, ‘ N/acre 5g straw + 25 mgn N
Nitrochalk compost NC 1% . 5 gm “
Blood Compost "~ BD 1% 5 gm
Sludge compost SG 1% 5 gn
Grass compost 6 1% .5 gm
Potdgsiun nitrate KN 308 1bs.' ) X
“ | N/acre 12,5 mgm N

 The first sowing of wheat was made on 16th Mafy, 1961
and the crop was harvested on 11lth Auguet. The soil bloek

in each pot was removed, air-dried and broken up to separate
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the roots. The soils vere then returned %o the pots and.
the second sowing of Wheatj%%de on 26th August and'harvesfed
oﬁ~2nd November,  The first.erop gave éeed; but unfortunat-
ely the second did not, presumably.becausé light was a
limiting factor even though the pots were kept in a heated
greenhouse, | |

Where 1t‘ﬁas.formed the seed was separated and £0ps,

‘roots, and geed were anzlysed separately.
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Regul tg.,

The résulfs obtained with the first crop of wheat were
rather disaprointing in that the yields of seed, tops and
roots were lower for all treatments than for the control,
with the-sfraw treatments having the'gréatest deleteriouns
effect in this respect. This was probably due to the fact
that the soil was alréady a rich one with respect to‘nntrients
Tor vheat growth and the applicafion of all materisls tended
to be toxic with respect to growth. The results obtained
“_for'éry matter yields of and total nutrient‘uptahe byvthe
.qecond wheat crop are of more interest, In that many'ﬁreat-
ments were superior to the control in the e res pects. This
is fortun3+e in that the main purpose of thls study was of
~the residuel effects of the muterlals applied. Thua the
results obtained will be presented and digcuqoed mainly in
‘pelation to the perforumance of the second crop of wheat.
Recults obtained with the first crop are however presented,
since they form part of the total dry matter yields and .
nutrient uptake for the.CUmbined first and second crops.

Table 124 shows the dry matter yields of tops + roots
+ seedl(where formed) of the first crop, second crop and
first + second crop. Also given in thé table are the total |
uptake of nitroven, vhosphorus, potassium and magnesiun in

each orop and in the combined Crops. The nutrient
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| - PLATE 10, |

- Growth of ist wheat crop in Harlingtonvsoil in the
 different treatments - control (G),}strgw:(ES-l%),
potassium nitrate‘(Kan-EO lbs. N/écrej;‘siudge compost
(8G-1%), nitrochaik compost (NC-1%), grass compost
(GG=1%) blood compost (BD-1%). = shown.

st photograph (top to bottom) - was taken when the crop

- was 42 days old from the date of sowing.
' 2nd photograph was teken when'the crop was 87 dayé o;d |
| . from the date of sowing. |

3rd photograph shows the root growth in different treat-

- ments.
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' percentages in the second crop are also given,
| The’results are also presented graphically‘ins
. Tig. 35 for ary matter yields |
Fig. 36 for total nitrogen uptake
.Fig..37 for total phosphorus uptake
‘Fig.‘38vfor total potassium wptake
"Fig.'39 for totél magnesium uptake
| Fig, 40 for the pércentage nitrogen, phosphorus,

potascium end megnesium in the second crop,

Pirast wheat orop.

As hgsialready been stated all treatments resulted in
reduced dry matter yields in comparison with the control.
“This was due preéumably to the presence of excessive
‘available nutrienté,resulting in a slight toxic effect. It
was noted that seedling emergence from all‘treated pots was
slowér than that from control pots. In addition, uptake of
the four major nutrients was slways 1ower‘or no better than

the control, except for uptake of pyhosphorus and potassium

r

#Nitrochalk compost produced poorer yields than did
the other composts. -
Dry matter yields of roots deecreased in the order:
BD GG FS 8¢ NC KN C
~ All treatments except KNO,, produced greater root yields
-than did the control.
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percentages in the second crop are also given.
The results are also presented graphically'inz

- Fig. 35 for dry matter yields |
Pig. 36 for total nitrogen uptake

Pig. 37 for ﬁotal phosphorus uptake
Fig. 38 for total potassium uptake

“Fig. 39 for total magnesium uptake

‘Fig, 40 foi the percentage nitrogen, phosphorus,

potassium and megnesium in the second crop.

Pirst wheat orop.

As has‘already been_stéted‘all treatments resulted in
reduced dry matter yields in comparison with the control.
‘This was due presumably to the presence of excessive
available nutrients resulting in a slight toxic effect, It
was noted that seedling emergence from all trsated pofs was
slower than that from control pots, In addition, uptake of
the four major nutrients was always 1oner or no bhetter than

the coatrol, exnept for uptake of phosphorus and potassium

4 ww*ith the KNO, treatment,

3

Seccnd wheat CTOD»

- Dry matter yields of tops decreased in the order:

S BD S a6 NG KN G

‘fi J.omus the etraw treatment produced th@ gréatest‘yieldé, whilst
Y 4ne KNO, treatment was no better than thé'control.’*
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PLATE 1l. ,

" Close view of the growth of wheat ears. in the treat-
‘4ments - control (C), straw (FS-1%), sludge (5G-1% %) o
nitrochelk (NC), gErass (GG), blood (BD) composts and
potessium nitrate (EN-50 lbs. N/acre) in Harlinoton \

 455011 when the plants were 87 days old.
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Nitrochalk compost and KNO3 produced poorer root yields than
did the other treatments, | | |
Dry matter ylelds of tops + roots (Fig. 35) decreased
in the order: -
FS_BD 66 S¢ No KNG

Thus the straw treatment gave higher dry matter yields than
21l treatmenis except blood conmpost. Nitrochalk compost
gave ‘the poorest yields of all the compésts. KN03 was no
better than the éontrol. '

The tctal uptake of nitrogen (i.e.'in the coambined *tops
and roots) (Fig. 36) decreaced in the order:

s BD___S8G GG NC KN __C

Thus straw resulted in the greatest nitogen uptake,tﬁhe‘hitro~
chalk compost was poorer thesn the other composts, anﬂ.KH03
was ﬁo better then the control, ,

The total upteke of phosphorus (Fig. 37) decreased in
the order:

FS__GG- BD NC ©SG KN __C

Thug straw and grass and blood compost produced the highest
phosphorus uptakes, whilst KNO3 wag no better than the control,
The total uptake of potassium (Fig. 38) decreased in the

order:

. B g6 __BD_ 86 N¢ KN ¢
Thus straw resulted in the greateét‘uptake of potassium, there
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FLATE 12.
Comparatiire' growth of 2nd whest crop in Harlington
séil in the treatments - control (C), straw (F5-1%),
sludge (SG-1%), nitrochalk (NC-1%), grass (GG-1%),
blood (BD-1%) and potassium nitrate (IN-50 1lbs.
N/acre) when the plants were 67 days old _froit the

date of sowing., s =hown.
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were no differences‘between the four composts, and K;KO3 was
no belter than the conxrol. |
The %otal uptake of mdgnesium (Fig. 39) decrsased in
the order:

FS BD 56 @G& NG G KN

a—

Thus gtraw and all composts except nitrochalk compost were
equally satisfactory in inecreasing magnesium uptake, whilst

nitrochalk compost and KNO; were no bebter than the control.

" Pirst plus second crops.
The total dry matter ylelds in the first + second CTops

(Flg. 35) decreased in the order.
GG - C 5G. BD - Kh NC Fs

Thﬁs total dry mattériyields were no betier with the grass
and sludge composts than with the control. " The other treat-
ments resulted in pobrer.dry.matter yields than daid the
gontrol. o | .

Total nltrogen‘uptake b§ the combined orops (Fiz. 36)
decreased in the order:

G S6 ¢ FS NG BD KN

Thus only the grass and sludge composts resulted in greater
nitrogen uptake than did the comtrol, whilst KEO3rrésultea
in pobrer nitrogen uptake. A |

Total phosphorus uptake by the combined crops (Fig. 37)-

decreased in the order: (see next page)
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GG KN SG¢ BD ¢ NC FS

Thus grass compost, ENOy and sludge compost were  the only
treatments which resulted in greater phosphorus uptake than
'did the conirol,‘Whilst gstraw was poorer than the control.

Total potassium uptake by the combined crops (Fig. 38)
decreased in the order: .

G¢ S¢ KN BD FS NG O

Thus all treatments except nictoshalk compost resulted in
greater potassiunm nptake than did the control,

Total magnesium uptake by the combined crops‘(Fig; 595‘
decreased in the order: - o

G& ¢ SG BD KN FS NG

Thus grass and sludge composts resulied in,no'better
magnesiﬁm uptake than did the control, vihilst all other

treatments were poorer than the control,

Drz‘matter top/root ratios in the second cr02.1§Table 124).

The strav and nitrochalk compost treatments increased
the top/root ratio in éomparison with the control, the blood
and grass composts reduced it, whilst the sludgé compost |
and KNO, trestments had 1ittle effect.

Nutrient percentages in the combined togs and roots of the

secdnd Crop. ‘ _
These ére illustrated graphically in Fig. 40. There

were little differences in nitrogen percentages in the dry
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natter dus to the itreatments., Phosphorus percentage was
somewhat lower withlthe straw and blood and sludge compost
than with the othef treatments; Potassium pereentagé was
slightly ibwér with the control and sludge compost treatment
then with the other treatments., Iiagnesium percentage was ”
highest with the blood and sludge composts and lowest with

'thetnitrodhalk‘eompost.
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Discussion.

The results obtained in this study show elearly the
residual effect of the straw (+ KNOB) treatment as
indicated by the response 6f thé'second crop of wheat to
this treatment. The efffect of this treatment in comparison
with the control was obvious for dry matter yields as well
as for uptake of all four nutrients. The residual effect
of this treatment was also greater than that of ady of the
othentreatnents, although in some cases the effect of the
straw treatnent was not significantly different from that of
some of the composits. |

The poorest residual effect was obtained with the KNO3
treatnent., In fact, this treatment had no residual effect,
when conmpored with results obtained with the control, except
for a significant residual effect of potassiwm. The latter
is not nuzpriu:no in view of the low reguirenent of Wheat
for potas 31uﬂ, so that the notaspium applied in the KN03 wag
more than adeguate for the first crop and thus produced the
residual effect.

 What was rather surprising was the inability to account
foxr any of the nitrogen in the applied KNOB; in faet, total
nitrogen uptake by the combined ecrops was significantly less
for this frsatment then for the control. Thie indleates

that with the KNO3 treatment the toxic effect evident in the
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Lirst cron had persisted, though to a nuch lessem extent,
iinto the econd CTrop. This seems a more reasonable
: explanatlon than that nitrate had been lost by denitrification,
since moisture condit¢ons in these soils did not even approach\.
. wa-berlogglng . 4
Whilst the resldual effects of the wtraw treatment were
greater then those of 21l the compost trea ments, the overall
effect of straw was lower than that of the compnsts (with the
'exception of the nitrochalk comoost, whlch g¢v» results ‘
rﬂfhar ainilar. to the straw treatnent w1th respect to overall
perforﬂence'of the two crops). This indicates a net pQSitive :
immobillzution of all nutrients by the straw even though the
amount of nitrogen added as KNO, w1th the siraw was suffident
to give the added material a carhon/nibrogen ratio of 22 (the
only eyceﬂtion Yo thls wag for polassium, where the combined
| uptake from the straw treatment was similar to that from the
| other composts, this night be expected because of the exﬁra
‘potassium added as KNO;).  The relatively poor residual “
effects of the nitrochalk compost as well as its poor overalll
effects, in comparison with the other composts, is moét“likeiy
 due to ‘the high carbon/nitrogen ratio of the nitrochalk com-
post, i.e. 28, in comparison with the ratios of the other
.comﬁcsts, i.e. 12-20,

A comparigon of the performance of the grass, sludge and
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bloo&‘cdmpbéts showed that aithough they all had positive
residual'effécts, the extent of these effects were in
; genernl ninilwr for a1l three composts. The overall effects
of the materials, however, declined in the order grass com-
post, sludge conpost, hlood compost. It 1s interesting to
note thet the overall éffects of the four composts were
correlated with their earbon/nitrogen ratios, i.e. bverall
perfo?mance imprdvgd With decfeaéing carbon/nitrqgen ratio.
The similarity in the nitrogen percentage of the dry
natter of the second crop due té the different treatments is
rather interesting in view of fhe'faii differences in total
nﬂﬁrogen uptake and dry matter yields. This indicates that
there chould bhe a close ccrrelation between dry matter yields
and total nitrogen uptake and in fact this is the case, as
éan_be seen by comporing Fig. 35 with Fig. %36. Total
magnesium uptake was alao'féirly‘cloself correlated with dry
matter ylelds (cf. Fig, 35 and Fig. 39), WhilSt nagnegium

percentage (Fig. 40) ‘was poorly eorrelated with either factor, .

Phosphorus percentage was poorly correlateé with dry matter
yields or total rhcsphorus uptake (of. Figs. 35, 37 and 40),
aithough the two latter Pactors were roughly correlated; |
Similar results were obtained for potassium (ef. Figs. 35,

‘38’dnq 40).
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Sumary and Conclusions.

Pot tests were carried out with a sandy clay loam
(pH 6.2) to study the effects of straw + KNO3, compost
“treatnents, and KI\TO3 on the performance of two successive
crops of wheat so as to indicate the residual effects of the
materials. ;"" | "\ -

Dry matter yieldsvof'and uptake of nutfients by the
first crop were less for all “Ereatments than for the control.
The straw + KNO5 had the greatest and the KH03 treatment
ususlly the least effect in these respects. This reduced
growth was considered to be due to a siightly toxic effedt
of all materials, B

A1l treatments except KKOS gshowed a residual effect
with respect to dry matter yields of and nutrient uptake by |
the second crop of wheat. The atraw treatuent waH more
effective than any of the eoﬁpost treatments in these respeots.
| ‘Among the composts the residual effects were usually highest
for the blocd and lowest for the nitrochalk compost, whilst
the effecté of the grass and sludge composts were intermediate
- between these two,

The overall effects (i.e. the effects cbitained on the
first plusisecond orops) showed that none of the materials
increased dry matter yilelds, whilst only the grass compost

increased the total uptake of all nutrients, The sludge
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compost was almost as effeftive as the grass compost, whilst
the straw and nitrochalk compost treatment usually reduced

nutrient uptake in comparison with the control.

The main general conclusion which may be gained from
this study indicates that although straw has a poor effect
on the growth of a fifst crop then have composts or KNOy,
the reéidualleffect of the straw treatment on the succeeding
crop is greater than that of any other treataent. | However,
the overall effect of sitraw indicates thét it has the most
‘deleterious effect of all fhe treatments. Of the four
composts studied the blood compost in general had the
greatest and the nitrodﬁalk cﬁmpost«the least residual effect,
The graatest overall effect was shown by the grass and

sludge composfs.
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Table 124.



Tabla

 1st crop (@heat) - | 2nd crop (wﬁeat)
Total yield and uptake - Total yield and uptake
Dry N PO, K ug Dry N P0; K g
natter el ' natter ~ -
in mens in gms ;n mena

‘in gns

C  4.544 31.83 22.17 67.03 5.25 1,207 19.14  9.45 47.21 1,23
FS 2,097 19.14 11.17 30.91 2.40 2.523 19.74 16.81105.54 2.49
NG 2.873 24.25 14.32 44.08 3.25 1.872 14.41 15.07 82,30 1.51
CBD  3.177 20.80 15.32 46.26 3.09 2,318 17.69 15.93 92.04 2.44
SG  3.482 28.92 21.06 61.02 3.99 2,211 17.50 14.77 85.22 2.40
66 3.542 70.04 22,61 61.80 5.03 2.227 16,57 16.36 92,30 2.13
KNO, 3.757:25.49“27,65 78.72 4.18 1.430 10,38 10.48 60.00 1.25
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1st # 2nd crops (wheat) ~  Percentsge nutrient Top/Root Ratio
: for 2nd crop (wheat) 2nd wheat

Total yield and uptaka-

. Dry N PO. K Mg N PO. K Mg Top Root Top/
maetter 275 in mgmsz Z : Root
- in gns

0.104 0.899 0.308 2.9
0.102 1.907 0,616 3.1
0.079 1.430 1.430 3.2
0,115 1.676 0.642 2.6
0,116 1.625 0,583 2.8

5,751 40.97 51.621L4.24 6.48 0,72 0,70 2
4,620 38.88 27.98 6.45 4.89 0.72 0.61
4.745 38,66 29.39126.38 4.76 0.69 0.71
5.495 38.49 31,25138.30 5.53 0.72 0.65
5,693 45,42 35.83146.24 6.39 0.75 0,62
5.769 46.61 38.97154.10 7,16 0.72 0469 7.21 0,093 1.604 0,623 2,6

§.187 35.87 38.14138.72 5.38 0.70 0.67 .19 0.098.1.067:03363 2.9
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CHAPTER VIIT

The availability of nitrogen from the organic nitrogenous
fraction of composts as determined by a sand culture test

with ryegrass, and an incubation test.

(i) Introduction
(i) Experimental
(iii)  Results

(iv)  Discussion

{v) Summary snc Conclusion.
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" Introduction..

The composts used in the experiments so far described:
in this thesis have contained veriable anounts of nitrogen.
- This is inn&ﬁiable in view'of the differences in the nature
of the starting naterials as well as the extent té whioh -

. nitrogen changes occur during compoéting. In spite of
differences in the nltrogen content of different composts a
reasonable comparlscn of the availability of this nitrogen
to vlents may be obtained from the figures‘foi recovery of
ap?liédvnitrogen.l' Thus in Chapter IV_it'wasrghown that at
least in the soil of'pH 7.2 the ﬁitrogén frém.the blood
compost wac more avallable than that from the‘nitrochalk and‘
- sludge cdmpoét;‘whilﬁt thét‘from the graés comnost ﬁas the
1eéét available to ryegréss. o

It was considered however that a better COmpariqon of
the avallﬂblllty of orgnanic nitrogen from these materials
could be obtained if the materials contdlned 1nitiﬂ]1y the
‘same aﬁounto of organic nitrogen. In earllar work in this .
departnent when different methods of compostlng were being
studled many types of compost were prepared over some yearé
and theae were analysed routinely for nitrogen =nd carbon.
Fortunately it was possible to‘select‘from these a sample . |
| éacﬁ of 2 hitrochalk, blood, sludge and ﬁrdﬂm mﬂosf‘havimg
'very gimilar values for total, 1norganlc and organjc |

. nitrogen as well as for organic carbon and carbon/nitrogen
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ratio, The latter two vélues wére not és:similar for the
different material as night have been desiréd,'but since
their carbon/nitrogen ratloq were all well below 20 it was
considered that this variable would have little effect, |
(A1l these vaiues are given in Table 137}, In view of the
Poir differences in pH between the moterisls it was decided
to carry out the pot exberiment in a medium coﬁtqining free
caleclun carbonate s0 as to ellminuue these alffer,nces. It
was also decided to do the experiment in sand culture rather
than in soil with all major and frace'nutfients supp1ied‘
except nitrogen., Concurrently with this trial there was
carfied ou® an’ incubation tesf to aqSesrfh eytent of
.ninerallza+ion of organic nitro»en. In addition a chemical
test (118), ba sed on measuring the anount of sumonia reJeaae&
when +he material is treated Wmth N~u0d1uﬂ hydrox1&e, 1nd
- which had heen shown to be savlbfactory for 1ndic°ting the -
'~n1trogenwgupply1ng power of soils, was also used..

It may be mentioned here that an attempt to find composﬁé
of différenf origin containing gimilar zaounts of phosphorus,
S0 fhaf experiments similar to the azbove could be carried out’
with respecf to‘phosphorus, was not success ful. This is
‘presumable due to the fact that sewage sludges and samples of
young grass inevitably contain a relatively high nroportion
of phosphorus to nitrogen compared with thet contained in

cereal straws. Thus since composts are normally prepared
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by sterting off with e certsin rotic of carbon to nitrogen,
it wae inevitsble that their rhosphorus contents would vary

widely.



| Table 137,

Table 138,



Table

12 3 4 5 & 7T 8

Treat- Total % % % Org. Soil: Uptake Uptake
ments R Mineral Org.N.0rg.C"C/K water of N of N
' - F o ' (21t2) (in mgm)in mgn
PH by by
’ I‘.grass‘ I'.grass
(top) (root)

NC 2,902 0.253 2.649 39.4 15.0 6.87 19,0  10.7
CBD . 3.013 0,270 2.743 40.0 14.6 6.14  31.3 12.0
56 3.004 0.281 2.723 36.5 13.4 6.06 25.8  1L.1
GG 2.940 0.260 2.680 37,8 14,1 6,01 21.2  1L.0

Tablevlzﬂ‘ Total cumlative uptake of § (in mgm) per pot by

Top
Days 10 18 25 31
Treat-— Cutting Cuttings Cuttings Cuttings
ments 1 1+2 1+2+3 1424344
NC | 4.35 10,05 15,56 - 17.28
BD ' 4,05 . 16,27 126,92 29.%4
s¢ 4,66 16.44 22,51 24.,3%

GG 3.1 13.69 18,42 19.89




— e dew e s

2,52 A -

9 10 1 12 13 14

Uptake Total = Total Original organic L

of N uptake uptake mineral N taken  Recovery
in mgnm 0f N of N N in Tg. up . - : of -

by in  Control compost (mgm) orgenic
r.grass control N - in mgm N
(top+ " pot 9..10 -
root) ‘

] i

29.7 ¢+ 5.9 ' 23.8 17.7 6.1 3.28

43.3 . 5.9  3T.4  18.9 18.5 - . 9.65

32,2, 5.9 , 26.3 18.2 8.1 4.33
L.S.D. L.S.D.
3 ng i.21

L

rieggasS‘gtOEQ‘ahd‘also by root.

Root
38 . 45
Cuttings Cuttings
1+2+3+4+5 14243444546
18.41 19.03 10.66
30,63 31,27 12,02

20,70 21,17 11.05
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| Pot test. ,
700g. of acid-washed silver sénd (whichfhad been gshown

by Kjelawkl digestion to be free of all foras of nitrogen)
was used in each pot. The sand was mixed w1th 1% by weight
of the dried ground coﬁpogtg and 1% by weight of calcium
'carbonate. The mixtures were placed in plastic pots, each
Dot was gown with C.4g. ryegrass séed and_the pots moistened
with‘watei,'coﬁtaining a mixed'inoculum'from a field soil
: ,and.a freah compost. After emergence all m%jor and trace
elements, except nitrogen, were added regularly using the
Tong Ahhton mutrient culture solution (119). 411 treatments
| including the control were donc in duplicute,  The seed was
~sovn on 6th June 1961 and cuttin s wera made 10, 18, 25, 31,
'SU and 45 days from the date of sow1ng. Yields declined‘
f-rﬂpldly w1th buc09051vetntting¢ and since 1t qu obvious that 
1ittle further top growth would occur after ﬁhe 1ast cutting
already ﬂentloned the experiment was stopped. and ﬁhe roots
removed for ana1y51s. Each cuttlng and roots were dried and
anaiysed for total nitrogen by Kjeldakl digestion followed*by“
gmmonia distillation (the salicylic acid - thiosulnhate
‘_:modlfloatlon of the Kjeldhal method was used to allow for the

‘presence of nitrate in the piant material}. Since the top

.. growth of the controls were so pdor no cuttings were taken
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from them, and the total uptake of nitrogen by the controls
was determined by analysing the combined tops and roots at

the end.

Incubation test, _

The technique used is described in détail by qunfield
- (120) and is briefly as follows: 10g. of 5 1=1 nixture of
Silwood soil and acid-washed silver sand waé treated with 1%
of calcium carbonate and 2% of compost. 'Tﬁe whole was mimed
thoroughly, placed in a test tube and treated with sﬁfficient
water (eontalnlng an inoculumn of soil and cor npost) to bring
the water content to 50% of the water-holdlng,capacity. An
appropriate control was also pgépafed and all treatments were
in dupliéate. ~ The tubes were plugced with cotton wool and
incubated at 28°¢ for 6 weeks, moisture losses being made up
.when necescary. The material in the tubes was then extracted
with O,5N-sodium aceﬁéte and analysed for ammonia and 5

Chemical test for available nitrogen.

This is the method deseribed by Cornfield‘(lla) somewhat
modified. 0O.1g. of'ground conpost and 5 ml. N-sodiunm
hydroxide were pladed in the outer chamber of the perspex
' microdlffu51on cell and after mixing and incubation for 48 hr,
at 28°L the agmonia rsleased was determined by titration of

. the boric acid in the central chamber.
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Results,

'Thé cumﬁlative,tbtal nitrogen uptake by the cuttings of
ryegrass with the four compost treatments is shown in Plg.
41 and also in Teble 138, It 1s secen that at the first
cutting there were no differences due to tneafment, but by
'the second eutting nitrochalk compost resu}ted in thavlowest
uptake, grass compost‘the next lowest, whilst there were no
differences in‘the uptake of nitrogen from the bload?gghdge
coﬁposts.. By the third cutting and thereafter, however,
blood compost was_superior to sludge compost. Total o
nitrogen upfake by the roots was similar for all treatmehts,
‘with the blood compost resulting in a slishtly higher uptake
than the other treatments.‘ \ o

The total»nitrogen uptake by the combined cuttingg and
roots is shown in oolumn'é of Table 137. :Signifioanxly‘more
nitrogeh*was,taken up'frbm the blood than from the sludge
compost, Whidh in turn;wés superior to the grass and nitrochalk
composfs, betwean‘which there was no significantvdifferenoe  ,
with respect to nitrogen avallability. If 1t 4s aggum§d that
ali the minbréi nitrogenﬁinitially present in the coMpésts a
was taken up by the ryegrase then 1t is seen (columns 12 and
13) that in the case of the blood compost about equal amounts
of nitrogen were derived by the ryegraga from ingrganio and -
 ‘.prigina11y'organio sourcas; whilst with the other cémpbsfs
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2out 2-3 times as much of the absorbed nitrogen was derived
from the inorganic than from the organic sourée. The
percentage recovery of priginally organio‘nifrogen (coiumn
14) was 9.65 for the blood compost, 5;92 for the sludge‘com-
post, 4.33 for the grass compost, and 3.28 for the nitrochalk
compoét.‘ With the exception of the last two values, these
- differences were éignificant. | |
'The_minerélization of organlc nitrogen duriﬁg the
incubation test-expréésed a8 a percentagé of the organilc
nitrogeﬁ originélly present is shown below;,with percentage
" recovery of organic nitrogen by the ryegraSS set aloggside
for.éomparison: | |

Percentage recovery of organic nitrogen

| ~ Pot Test Incubstion Test

| - Nitrochalk compost. 3.28 \»‘ L 5.7
 Blood compost . 9,65, - - 15.9
Siudge démpost | - 5.92 . o T4
Grass compost .*j 4.53 S 9. 3

It is seen that the same trends are apparent for bath
tests, exccpt for the sludge and grass composts. Blood
compost ylelded the highest and nitrochalk compost the lowest
anount of their organic nitrogen; in the pot test e]udge
compost wag sunerior to grass comuost whilst in the incubation '

test the reverse was the case.
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The ammonia-nitrogen releassed in the chemical test

expressed as a percentage of the original organiec nitrbgen

is shown below:

Nitrochalk compost 5.26

Blood compost 6,16
Sludge compost - 6.T8
Grass compost 540

The results show only small differences due to type of
compost; ~the sludge compost gave the greatest and the

nitrochalk conmpost the least release of smmonia,
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Discussion.

Both the pot and &néubation tests have clearly shown
wide differences in the "availability" of the organie
nitrogen of the different compoets, even ﬁhcuch these.
materlqls contained similar amounts of both total and organic
nitrogen,(vgrying by about ). It may be argued that
differences in results may have been due to differences in
carbon/nitrogen ratio vhich varied by about 10%. However.
the blood compost, which had the second highest carbon/nitrogen
ratio of the four composts and'on‘thls basis might be expected
- to show a rélatively low release of organic nitrogen, in faét
showed by far tho greatest release. In fact the blood com-
~ post released about twice as much of its organic nitrogen as
did the sludge and grass composts, and about three times ag
mach as 4id the nitrochalk compost; | ,

It might be said that theé difference between the 3 28%
of the organic nitrogen mireralized from the nitrochalk com-
posf/and the 9.65% minerslized from the blood'compost*doeé
nbt'represent é‘gfeat'deal of nitrogen, But it must be
’borne‘in mind thét organic manures such as compost are supplied
at.very heavy rates compared With inorganic fertilizers. |
‘Thus if‘zs tons per acre of compost (25% dry matter) are
‘ a@plied and if field differences are comparable %o those‘,
ontalned in this pot test, the amount of nitrogpn supplied
from the organic fraction of the blood compost would be 37 1b.
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per acre as compared with 12 1h. per acre for the nitrochalk
compost. -ATthough this difference is not great when com-
pared with the heavy levels of inorganic nitrogen fertilizers
which are fre;uently applied, it may well be sufficient to
méke the. difference beiween a good or a mediocre crop, par-
ticularly ifinoréanic nitrogen fertilizér is nct applied at
the sane time as ‘the compost,

The results obtained in the pot best in this chapber
may>be’compared with the recovery of nitrogen from the soil
of pH 7.2 in thg experiment described in Chapter IV, Both
tests'indicate'that the blood ébmpost is the bvest of the
four composts with regard to ability fo yield nitrogen to the
growing plant.  Both tests also shéw that the grass sompost
was a relatively poof supplier of nitrogen and that'thé éludge:
compost was intermediste between these two. HoWéver»the two
tests differ in that the sand culture test showed the nitro=
chalk coa?owt to be a poor supplier of‘ﬁitrogen whilst the
test aesorlbed in Chapter IV showed it to be as satisfactory
as the sludge compost,. This dlfference presuﬂqbly arises
‘from the Tact that the materials used in the test in Ghapteflz
veried fairly W1dely in earbon/mitrosen ratio. o

; The incubatlon test described in this chapter wag a

. reasonably good indicator of the availability of the organie
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nitrogen in the four compoéts to the ryegrass, being able
to distinguish between those materials which were able %o
supply fairly widely different amounts of their organie
nitrogen to ryegrass, but tending to give a somewhat
erroneous result in the case of the grass compost; in faot,A
indicating that the grass compost would yield to ryegrass
more of its organic nitrogen than it actually did. This
indicates that if the incubation test is to be used as a
measure of Uthe availability of the organic nitrogen qf COMe
posts, results should be ireated with caution if the nature
of the materials is not known.

The poor correlation obtained between the chemical test
and the incubation test is rather surprising in view of thel
fact that results obtéined for these two tests are wel}
correlated when the organic nitrogen of soils are considered
(118). This indicates differencew in the nature of the
organic nitrogen fraction between soils and composts. It
might he tnat if the chemical test is altered in some way
(e.g. by altering the concentration of sodium hydroxide used
or reducing or increasing the time of contact) it may be made
satisfactory'for asgessing the nilrogen-supplylng power of

composts,
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Summary and Conclusions.
Samples, of blood, sludge, grass and nitrochalk composts

havingw§ery’similar.nitrogen and carbon contents were |
selected. Sand culture pot tests (in the presence of excess
calcium carbonéte)7wére carried out with these materials %o
détermine the availability ryégrass of the nitrogen con-
tained in them when alllmajor elements,‘ex¢ept nitrogen, and
trace elemenﬁs were supplied in édequate amounts, In

‘ addition an incubation test (6 weeks at 2806) and a chemical
test (ammonia released on treating the composts with N-NaOH
over 48 hr, at 28°C) were used to determine the n;tr@gen status
of the compoéts.

In the first cutting of ryegrass there were no differenoés
in hitrogen availability, as measured by total nitrogen uptake
,by the grass, from the four compobfs. With further cuttings,
‘however, differehces became apparent and atbthe end of the
experimen£‘(45 days froﬁksowing, by which time there was very
little top growth) the total nitrogen available from the four
composts decréased in the order ﬁlood compost, sludge compost,
grasé compost, and nitrochalk compost, Thé wvailability of
the.original organic nitrogen présent the materials decréased
in the same order; the blood cbmpost yielded about twice’as
much of its‘organic nitrogen as did the sludge compost and
about three times as much of its organic nitrogen and did the
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nitrochalk and grass composts. |

Results obtained with the incubation test were well
correléted with those obtained in the pot test except for
thé respective positions of the sludge and grass composts.

The chemical test was a poor indicator of the
availability of nitrogen from the different maferials.

The general conclusion from this experiment is that the
avéilability'of the nitrogen from the organic fraction of
composts id dependent on the nature of the materials used
%o make the compost, even though the carhon and nitrogen

’contents of the finished composts may be very similar.
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~ GENSRAL DISCUSSION AND CONCLUSIONS.

Organic manures are added to soils with a view to
improving goil physgical conditions and/or soil nutrient status.
The former reason is important for fine-textured soils par-
tioularly in that drainage is imprdve& through the
ameliorating effect of organiu materials on.aggregate struc—
ture; in coarse-textured soils gtructure 1s not of much
importance and the main physical function of added organic
materials is to improve the water— and nutriento retaining
capacity of the sqils. The nutrient~supply1ng capacity of
organic materials is important for soils of all.teitufal grades,
but here again there may be differences in nutrient require~
ments depending on texture; thus coarse-textured soils
would usually tend to be more deficient in potassium than
would fine-textured soils, whilst the reverse would hcld for
phosphorus,. From these considerations it can be seen there~
fore that the "ideal" organic material which should be added
to a fine-~-textured soil would be one which could imprbve
aggregate structure én& also supply phosphate. For a coarse-
textured soil the organic material should be of high waﬁer»
and nutrient-holding capacity and should be relatively
resistant to microblal decomposition in view of the ease with
which organic matter is lost by oxidation because of the
high aeration of such soils. In addition the organic
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material should be able to supply good amounts of potassium.

The work reported in this study has been concerned ﬁith‘
only two types of orgénic material; viz., straw on the one hand
and éomposts on the other and also with only a few effects of
thghaterials mentione& in the above paragraph, viz. carbon
retention as affeéted by pH , soil moisture conteni and level
‘of added material and the capacity of the materials for
supplying four of the major nutrients to ryegrass as affected
by pa/lgvel of application.- |

Although no attempt was made here to study the effects
of straw and composts on soil physical properties, the |
experiments dealing with ecarbon mineralization and hence of
the extent of retention of these materials indicate to what
- extent the different materials might affect physical properties,
~ since the literature has indicated (5, 6) that physical,_ |
- properties such as aggregation and Watefuholding préperties
héve improved with soil organic carbon content. (In thiﬁ study
compost waS«fetainéd better than sﬁraw ﬁhatéver the rate of
application of the material, providing the soil ﬁas pot watel
Yogged and also providing that pH was not too low, i.e. less
than about 6., Greater retention of both materials occurred |
under wateilogged than uhder aerobigyconditionS"and also under
acid (pH 5.2) than under less: acid conditions (pH 6.2:anq'

T.2). Under‘waterlogged conditions only small amounts of



both straw and compost were decomposed, indicating high
retention of these materials, This is of little practical
significénoe in view of the fact that structure in a water-
1oggéé soll is of no 1mportancé, and in fact it would appear
Ithat aggregate structure is undesirable, since 1t is common
préctice to.puddle the soil by stamping or ploughing before
planting out rice seedlings., However, whefe such soils are
drained after the rice crop and planted to a normal Maerobic"
crop, then decomposition of the added organic material willl
Be of particularly great significance in improving structure,
| particularly in vieﬁ of the initial‘puddled'nature of the
soil. | ) |
| Where organic materials ére‘available only in limited.
amounts the question may be asked whether, from thé point of
view of soll carbon retention, it is better to apply this in
‘small amounts at freguent intervals or in large amounts at
less frequent intervals. From the results obtained in this
study 1t abpears_that for both straw and compost the latter
' méthod of appliaationvis more desirable, The differences
in extent of retention between the application 6f smallland'
| large dieSsings was gréater for straw than for compost.

When thé retention of straw and compost are compared on
an "economié“ basis (i.,e, since a given weight of éoﬁpost
requires about twice its weight of straw as a raﬁimaterial)

it‘is éeén that the ultimate retention of the material was
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slightly better for straw than for compost Wwith low rates of
'application (éomparing 1%'stiawiwith 0.5% cqmpOst) whilst
thefreverée waé true for higher fates (2% straw and 1% com-
post) . This in practice whefe waste material is avaiiable
‘in 1limited quantity it should be preserved as compost and
applied in large amounts infrequently rather than be applied
frequently in small amounts in'uncomposted'or comﬁoafed‘form.
Turning‘our attention now fo the nutrienteénpplying |

power of the organic materials, the deleterlous effect of

the "ppor compost" (straw allowed to rot without addltion of
an accelerator) on performance of ryegrass was clearly
indicated. This was not due to the lower.total nutrient con- |
\ tent of this material as compared with some of the other
composts, but to the presence of a fair amount of undecomposed
‘cellulosic matter, which presumably resulted in 1mmobilization
of some of the major nutrients on addition to. the soil. ?hese
- results indicate clearly the danger of applying to soils
‘ 1@proper1y prepérea'cdmposts. 'If they ha#e'to be appliéd it_
ié impdrtant@to apply Bufficient extra minerél nntrients,
especially nitrogen, to ensure that native soil nutrients are
nbt immobilizéi. It facilitiéé or time are not ava1iqb1e #‘
fbr'propefiy cOmPQSting‘stréw, it would be’bettefito»applyf 
nncomposted straﬁ together with extra nitfogén rather than to

apply'poorly composted straw without extra nitrogen., This
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is brought out clearly by a comparison of the results -
'obtained»betﬁeen the poor compost treatment and the straw +
KNQ3 treatment. The carbon/nitrogen ratio of the added
materials of both these treatments was almost identical,
indicating at leasﬂin this range that the carbon/nitrogen
ratio is of little value in indicating the likely effects of
‘these materials on growth.

Whether straw should be applied fresh or composted is
best seen by comparing the straw + KNO3 treatment with the
nitrochalk compost treatment, The general overéll conclusion,
with respect to ryegrass ylelds and uptake of nutrients, was
that at low pH (pH 5.2) both materials had similar effects,
whilst at higher pH levels (6.2 and 7.2) the composted straw
was superior to the straw plus nitrogen tredfment. The
magnitude of the effects of both treatments was however fairly
‘small in comparison with the effects of KNO3 applied alone,

In fact the-preéence of the decomposing straw immobilized
virtuall& all the applied KHO3-nitrogen'at PH 5.2 and T.2,
whilst at pH 6.2 it immobilized about two-fifths of the applied
- mineral nitrogen. This was cdnsidered to be due.to the fact
that micro-organisms reSpon3bierfor nitfogen’immobilizafién
were least active at the intermediate pH whilst those Tes-
ponsible fbr;nitrogen‘mineralization were least active at the

lowest pH,



368,

A-comparison of the efficiency'oi the-ibuf "z00d" com-
posts in supplying nntrients to ryegrass andvin improvingx
yields showed that the oitrochalk compost wae generally |
inferior to the other materials (blood, gressband sludge com-
posts), partioularly at the two lower pH 1evele., This may
'~ have been beoauee the nitrochalk compost had a carbon/
nitrogen ratio of 28 whilst the others had ratios of 1ees than
‘20, thus nutrient availability of the former was reduced by
immobilization effects.  The variatmon of carbon/nitrogen
‘ratio below 20 did not however effeot ryegrass yields.

The order of effeotivenevs of the different composts in
‘enpplying nitrogen and phoephorus varied with pH, partioularly
in that +the blood compost became inoreaemngly more eftective
7';than the other composte with increasing pﬁ¢.‘ Thie wae shown,
particularly in the case of nitrogen, both in increasing total

- uptake and in increasing recovery of applied nitrogen. The
superiority of the blood compost over the other composts at
the high pH was further confirmed in the sand oultu;e experi-

vmenteWhere the effeots of #arying nitrogen and carbonecontent

'l‘of the materials had been eliminated.

Apart from the direct nutritional effects of the applied
oorganic materiale their indirect effect is of 1mportance,
'paitioularly with respecf to eoil pi. This was ehown par-
‘ticularly clearly in the case of phosphorus recovery from

. applied straw plus mineral nitrogen., At pH 5.2 not only was
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none of the applied phosphorus recovered but the treatment
resulted in immobilization of some of the native soil
phosphorus; at pH 6,2 and 7.2, on the other hand, where a
low level of straw (0.5%) was applied not only was all the
applied phosphorus apparently recovered, but an almost equal

 amount of native soil phosphorus was also recovered. The

results obtained indicate that, at least for phosphorus, the
effect of the material on the availability of native phos-
phofus was of greater importance for the nutrition of ryegrass
than was the phdsphorus ccntained in the material, Becagse
of fhe vigouroﬁs microblal activity induced by the decompos-
ing straw it 1s perhaps hardly surprising that profound
chemical changes may also occur. These would affect the
phosphorus status of the soil in particular, in view of the
‘well~known effect of pH on phosphorus availability. However
it is interesting to note that similar effects were noted
with the blood compost treatment, altﬁough the magnitude of
the differences due to pH‘were not as great as with the straw
treatments. In addition, the magnitude of the differences
in phosphorus recovery decreased with increasing level of
applicatlion of both straw and blood compost. This indicates
a buffering effect of the heavier applications.

\Thé experiment on varying the levels of straw and compost
showed that, providing that soil pH was not less than about 6

the application of a low level of straw (equivalent to 5 tons
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. per acre) plus sufficient extra mineral nitrogen %o give a
lcarbon/nitrogen’fatio of 20 gave results as satisfactory as
4w1th«miﬁeral nitrogen alone, with.the added advantage'that
~the straw had improved the physical‘bharacteristics §£.the

soil and probably would have some residual chemical effect.

‘A similar result was obtained unly with the heaviest dressing

- of compost (equivalent to 20 tons per acre) and though this

may not seem economic, the siginificance of this high 1evel

in improving soil physical conditions could be importanx. In
addition this high level would have a oonsiderable residual
effect on following crops. In the acid soil (pE 5. 2) on the

.other-hand the mineral nitrogen treatment resulted in better

performancejof ryegrass than did any of the levels of stiéw i

- plus nitrogen or compost. This was shown to be due to poor

or even negative recoveries of ‘nitrogen,’ phosphorus, and

vmagnesium from the applied organic materials at the low pH.

This indicates the importance of selecting the correct mannrial

treatment in relation to soil pH,

The greater residual effects of the siraw treaﬁmenfs as
compared with the compost treatments have been consistently
shown not only in the experiment specifically désigned to test
‘the'effeé‘t'(chapt'er VII) but also in the uptake of nutrients
Vin the successive cuttings of ryegrass in the other experiments,
' The residual effects were clearly apparent not only for

nitrogen,:whlnh;WE“would,well:expect in view of the high
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nitrogen reqﬁirément of the micro—qrganisms'decomposing the
straw, but slso for the other nutrients. Tﬁié féct combined
with the relatively‘poor recovery-bf.nntrients'from‘the straw
treatment in the first ryegrass experiment, indicates that
ploughing straw into soil could be used to immgbiiizé nutrients
temporarily so as to preyent them from being ;eaohed‘out of
‘soilé during rainy fallow periods. This could be particularly
useful in tropicai areas where rainfall is seasonal., In this
way nufrients would be conserved andeDuld become available
to‘the crop when this was planted. | | |

The extent of recovery of thq%our najor nutrients from
the composts is indicatlve of the importance of ﬁhese mater—
ials in being able to supply major nntrients. In fact the
proportlon of the applied potassxum recovered from fhe composts
was much greéter than the'proportién of the applied nitrdgan,
Whilst>magnesium reéovery was‘aléo.greater'thaﬁ nitrogen
recovery. The)biood and grass compogts also yielded 6n
average, more of their phosphorus than of their nitrogen.

Purther work needs to ‘be done ‘before it can. be explained
why the blood compost was superior to the other composts<in |
- supplying nitrogen to fyegrass.' This occurred even Whéﬁ.the
materials contained similar amounts of minerél and organic |
nitrogen and all limiting factors except nitrogen supply were
‘eliminated. ‘One hesitates to introduce the ”organics” |

versus "inorganics" controversy, but the blood compost was
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from an animal source of nitrogen, namely, dried blood whilst
the other materials were of imorganic (nitrochalk compost)

or vegétable origin (grass and sludge composts). Sewage
8ludge is however partly of animal origincand it is perhaps
signiflcant to note that the compost prepared from this was
the second most effective igbupplying its nitrogen to ryegrass.
These experiments should be repéated before any definite
conclusions couid be made.

The choice as to whether fresh straw plus mineral nitrogen

3¢

or composted straw should be used in any agga is dependent on
a number of factors apart from those dealt with in this study.
Thus the cost of the Taw muterials nay be impértant. If a
cheap material such as sewage sludge is available then it
would be economic to compost the straw with this; in fact 1t
- would be a very suitable way of disPOSing of sewége sludge and
could be much more hyglenic than‘appiying the slﬁdge directly
to the soil. Again if conditions are such that grasé growth
is so great that the production is in excess of animal require-
ments (including dried grass) then the grass could be cut
whilst still green and would probably contain sufficient
nitrogen so that no extra nitrogen would be needed fbr good
composting. ‘If the grass was very high in nitrogen it could
be mixed with straw before composting. TLabour costs involved

in preparing compdsts may be so great as to preclude its
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v’prepération,.but»this is notklikeiy t0 be important where
suitable machinery is'availabie. .Problems‘of application
may decide which matérial;.should be useq. ~Thus the . |
felativelyvdense cqmpcét, as compared with straw, can
‘probébly be more eésily transported and‘more eaéily‘and
ﬁniformly.gpplied thaﬁ.can the straw. In addition, in
windy areas the 1ight straw may be blown all over the place

during application.
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APPENDIX

Table 33-—46 ~ In connection with Chapter Iv
Table 81-101 - In connection with Chapter V
Table 110-123 - In connection with Chapter VI
Table 125-136 - In connection with Chapter VII



Table 33, Drz‘matter yield of rys _grass (tops) per pokb

(weicht in egms.) at all pH levels.

Treatments Treatment

(!;Ielngxis )
Control © | . 2.154
Plesh straw PS 2.33%6
" Blood compost ‘BD 2.741
Poor compost O3 or PC 1.925
Nitrochalk compost NC 2.463
Siudge compost GG _ 2.738
Green Gress compost GG 2.883
Yotassium Nitrate KR~ 3.449

General mean 2.586

5.0, of treatment difference = 0,104



Tsble 34. Interaction effect of treatment and pH on the
iiéld {(tops) of rye grass grown in Silwood soil of

different piH.

pH— 5.2 6.2 T.2 Average
Treatmants |
¢ 2,080  1.987  2.394 2,154
S 2,235  2.425 2,348 2,336
BD 2,480 2.548 3,195 2,741
PC 2,194 1.565 2,016 1,925
' ¥G 2.370 2,168 2.852  2.463
56 | 2.545  2.625  3.043 2,738
g 2,792  2.892 2,966 2,883
KN 3,428 3.424  3.494 3,449
Average 2.516 " 2.454 2,789 2,586

S.%. of interaction of treatment x pH = 0,181
G.D. at 5% = 0,374 | ”
 S.B. of pH difference = 0.064

CeD. at 5% = 0.132 |



Table %5. Dry matter yield of roots (in gms) of rye
grass grovn in Silwood soll of different pH.

Treatmnnté Treatment means

C 1,147

FS 1.602
BD 1.373
rQ , 1,076

NG 1277

s 1.420

GG 1.582

KN 2,036

General mean 1.439

$.8. of treatment mean difference = 00,0714
c.D. 2t 57 = 0.148



different pH.

pH — ,
fregtment’ ?.2 6.2 7.2 - Average
N |

¢ 1,200  0.936  1.306  1.147
P8 1.652 1.607 1.546  1.602

BD 1.096 1,512 1.512 . 1.373

PC 1.262 0.913 1.052 1.076
. NC 1,146 1.211 1.474 1,277

56 1.277 1.399 1.585 1,420

6a 1,370 1,645 1,732  1.582

KN 1772 2,321 2,016 2,036

Mean 1.347  1.443 1523 1.439

5.E. of ihxeraction of treatment and ﬁﬂ = 0,124
C.D. at 5% = 0.256

S.E. of pH différenee = 0,044

C.D. at 5% = 0,091



Lfable 37. Total dry matter yield Stoga and roots) of
rye grass grown in Silwood soil of different pH. '

Treatments Treatment
(in gue)
Control 3.301
B3 - 3.938
BD 4,114
- PC . ' %.000
Ne 3,740
56 . 4.158
s | 4.466
KN 5,485
General mesn 4,025

S.E« of treatment difference = 0.138
C.D. at 5% = 0,286



Table 38, Interaction effect of treatment and pH on the

yield {tops and roots) of yye grass grown in Silwood soil

of different pH.

Treatﬂnﬁiﬁw_? 5.2 6.2 .2 Aversge
Control 3. 280 2,922 3,700 3,301
FS (1%) 3,888 4,032 3,894 3,938
BD 3,576 4,060 4.707 4,114
PG | 3.456 2.478 3,068 3,000
Ne 5,515 - 3.380 4,326 3,740
S&¢ 3.822 4,024 4.628 4,158
6o 4,162 4,536 4.698 4.465
KN | 5,200 5.746 5,510 5405
Average . 3.862 3.897 4,313 4,025

S.H. of intersction of treatment xupﬂ = 0,239
C.D. at 5% = 0,495 | N

.E; of pH difference = 0,085
G.D. at 5 = 0,175



Zoble 39. Mean uptake of nitrogen (in mems) from

different treatments.

Treatment : Treatment
' means
c | 40,11
5 49.65
BD 53,24
kG E 36.18 -
g | | 39.46
SG | 52, 64
66 56,04
KN 65,75
General mean 50.38

S3.8. of treatment diflerence = 2.45

¢.D. at 5/ = 5,08



Tcble 40. Interaction cffect of pH and treatment om the

uptzke of nitrogen by perennial rye grass grown in
Silwood soil of different pH.

B 5.2 6.2 T.2 Average
Treatuent ' :
c 41,75 36,94 41.6% 40,11
S 47.84 57,04 44,06 49.65
BD 45,72 50. 50 63,48 5%.24
PC 43.64 30,30 34.60 36,18
NG 47.37  48.04 52,96 49.46
SG | 47.63 51,00  59.28 52,64
e 53.39 59.29 55.44 56,04
KN 69.34 60.06 67.86 65475
Average 49,59 49,15 52.41 50.3%8

S.BE. of interaction of BH and treatment = 4.25
C.D. at 5% = 8.79

S.E. of pH difference = 1,50

D.D. 2t 5% = 3,11



Table 41. Wean wuptake of phogphate §1n gggsz for

diffowent trectments per pot.

Treatnents Treatnent
means
(in mgme)

c 21,91
F3 | 20.90
BD L 26,11
PC ‘ - 16.3%6
NC 22,5

SG . 27.79
[ 26,90
KN h 29,03
Gene:al me an | 23.95

$.E. of treatment difference = C,845

¢.D. at 55 = 1.75



Iable 42, Intersction effect of pH and treatment on the

uptake of phosphate by perennisl rve grass grown in

Silwood soil of different pH.

PH —

52 6.2 7.2 Average
Treﬁfmeita ,
¢ 25.%3 18.69 21.71 21,91
PS | 22,66 22,72 17.32 20,90
BD 24,34 27,82 26,18 26,11
PC 20.80 13,29 14.98 16.36
NC 24,08  20.42 23,16 = 22,55
56 28.36 28,00 27,02 27.79
6e 27.89 27.82 24.99 26.90
KN 31.0% 30054 25.67 29.08
General mean 25,56 23.66  22.63 23.95

S.E. of interaction of treatment x pH = 1.46
CeD. at 5% = 3.03

S.E. of pH difference = 0,518

C.D. at 5% = 1,07



Table 43%. Méan uptake of potassium.

Treatments Treatment
~ means
c ‘ 29.30
s | 57.1
BD 44.9
PC ‘ 32.5
NC %39.6
S5G | 46.0
GG 53.3
KN : ‘ T0.1
General Mean 46,6

S.E. of treatment difference = 1.77

C.D. at 55 = 3.7



Table 44. Mean uptake 6f potash under different
treatments 2t QH 5.2, 6.2, 7.2.

Treatments bH 5.2 PH 6.2 PH T.2 Treatment
: mean
C 38.1 23.3 26,4 29,3
- 64.8 55.8 5046 57.1
BD 50,1 39,9 44,6 44,9
PC ' Ad.4 . 24,1 28.9 32.5
NC 46,6 34.2 38,0 39.6
s@ 53,1 40,6 44,2 46.0
le 61,  47.9  50.9 53.3
XN 8.3 62.8 603 70.1
General mean 55.7A 41,1 = 43,0 . 46.6

S.B. of interaction ol ireatment = pH = 3,07
CeD. at 5%‘: 6e3

S.E. of pH difference = 1.08
OtDc at 5‘7; = 2¢2



Table 45. Menn upbake of magnesium by perennial rye

. grass from different trestments.

Treatnents | Treatment
means

c | 5.15

S - | 5.76

BD o 74T

PO o “ 5430

We . | 7.0

s a5

el | 6,67

KN |  6.98

teneral mean " 6.48

S.E. of treatmenf difference ="0.3314 
- ¢.D. at 5% = 0,69



Table 46. Uptake of Mg by perennial rye grass from
different treatments added to Silwood soil of different

DH,
Treatments vH 5.2 = pH 6.2 pH 7.2 Average
¢ 5.14 £.46  5.87 5.15
F$ -  B.66 5.73 - 5.90 5.76
BD 6.00 7.06 9.35 7.4T
PC 4.80 4,00 - 7.09 5,30

me 5.55 7.38 8.15  7.03
s¢ . 6.65 7.53 8.16 7.45

e 5,38 6.96  7.66 6.67
KN 5.35 7.85 7,11 6.98
Mean ‘ 5057 6-57 . 7049 . 6048

S.B. of intéraction of pH x treatment = 0.5739
C.D. at 5 = 1.19 o |
5.E. Of pH differenee = 0,2042

CoDu at 55 = 0.42 |



TABLE &1

Dry matter yield of rye grass (tops) per pot grown in
Silwood soil trezted with straw+KN05 and Blood Compost at three
levels of ezch treatment.

Treatments Treatment means
(in guas)
Control - C : 2.1538
FSI + KN(0.5%) 3.0455
, FSII + KN(1%) | 2.3360
FS1qg + KN(2%) 1.8418
BDI(OQ5%) ’ A 2.6105
BDy1(1%) | 2.7412
_ BDIII(Z%) 3.0087
KN S v 3.4490
General mean | 2.0483

| C.D.Afor treatment effect at 5% = 0.2690



TABLE 82

 Intraction effect of treatment and pH on the top yield of
. rye grass (in gms) grown in Silwood soil of aifferent pH treated
with stra.w+KNO3 and Blood Compost at three levels of each.

Treagzégls | pH 5.2 pH 0.2 PH T.2 Average
C - Control 2.080 1.987 2.394 2.154
FS; + KN (0.5%) 2,414 3,172 3.550 3.046
FS;1 (%) +KN 2,235 2,425 . 2.348 2,556
FS111(2%) +’ KN 1,508 1.838 2.130 1.842
BD; (0. 5%) 2,280 2,477 5,075 24611
BD;(1%) 2,480 2.548 | 3.195 2,741
BD; ;1 (2%) S 2,314 | 3,020 5,692 3.009
KN . 3.428 3,424 3.494 3.449
Tewaeall mnean 2.342 2,618 2,985  2.649

C.D. for pH effect at 5% = 0.1643 = 0.164
C.D. for pH x treatment at 5% =04.6532 = 0.465 -



T:DLE 83%

Root yield of verennial rye grass grown in Silwood soil
of different pH treated with straw+KN03 and Blood Compost at
three levels of each treatment.

Treatments Trectment means
(in gms)
Control 1.147
7S7(0.5%) + XN 2,007
FS; (%) + KN 1,602
FSp17(2%) + KN | 1.4%2
BDI(o.s)'+ KN ' 1.554
Bi;(1%) + KN | . 1.373
‘BDy7(2%) + KN | 1.866
KB 2.036
General mean 1630

C.D. for treztment effect at 5% = 0.1589 = 0.159



]
o
£
Ly
(93]
+

Interaction effect on the root yield (in gms) of rye
greass grown in Silwood soil of different pH treated with
Straw+KN05 and Composts at three levels of ezch.

PH — »
Treaﬁéents Soil pH 5.2 Soil pH 6.2 Soil pH 7.2  Average

c 1.200 0.9%6 1.306 1.147
FSE(S%)+KN 1.408 - 2.245% 2.369 2.007
FSpp{1#)+KN  1.652 1.607 1,546 1.602
FS;;;(26)+EN  1.410 1.344 1.600 1.452
BD; (0.5%) 1,252 1.528 1.884 1.554
BD, 1 (1.0%) 1.096 1.512 1.512 1.373
VBDIII{Q.O%)' 1.480 . 2.0%0 2,067 1.866
KW 1772 2,331 2.016 2,036
Ceneal wean 1.409 1.693 1.788 1,630

CeDs for pH effect = 0.0970 = 0.097 at 5% ‘
C.D. for pH x treatment effect at 5% = 0.274 (0.274)



TABLE 85

Dry matter yield (tops + roots) of rye grass (in gas)
grown in Silwood so0il of different pH treated with straw +
KNO3 and composts at three levels of each.

Treatments Ireatment means
(in gms)
G ’ 3.301
FS;(0.5%) + KN | 54052
FS;7(1.0%) + KN 3.938
¥S111(2.0%) + KN 3.294
BD; 4,165
BDrq 4,114
BDr11 4.874
KN 5.485
General'mean - 4.278

C.D. for itreatment effect at 5% = 0.389



TARLE 30

Interaction effect of (ph x treztment) on the yield (top+ .
roots) of rye grass grown in Silwood soil of different pH treated
with straw+KNO3 and Blood Composts at three levels of each.

Treagg;gg; Soil pH Soil pH Soil pH Average
\ 542 642 7.2 |
c 3.280 2,922 3.700 . 3.301
FSI + KN 3.822 5.414 5.920 5.052
FSII + KN 3,888 4.032 3.824 -‘3.938
FSip + KN 2.918 . 3.232 3.730 34294
BDy 34531 4.005 4.958 : 4.165
BDp 3.576 4.060 4.707 4,114
BDL o r 3. 794 5.070 54759 4874
KN 5.200 5.746 - 5,510 5.485
Average 3.751 » 4’310. 4.772 4,278

C.D. for pH effect at 5% = 0.075

CeD. for pH x treatment effect at 5% = 0.264



- TABLE 87

Total uptake of N (in mgams) from combined (tops+roots) of
rye grass grown in Silwood soil of different pH treated with
straw+KN03 and Blood Compost at three levels of each treatment.

Treatments . Treatment means
| (in mgms)

Cc S 40,1
i’sI + KN | | 55.1
FSp7 + KN 49.7
FS;; + KN | 39.7
BD; | 51.4
BDII. ‘ 53.2
BDIII - 65.1
KN , ) 65.8
General‘mean | 52.5

C.D. for Treatment effect at 5% = 6.4



TABLE 88

qu
Interaction of pH . tre-tument effect on the uptake (in mgnms)
of N by rye grass grown in Silwood soil of different pH treated
with straw+KN03 and Blood Composts at three levels of each treatiment.

PH —
Treatment soil pH Soil pH Soil pH Average
! 5.2 6.2 7.2
c 41.8 36.9 41.6 40.1
FS] + KN 43,9 58.9 62.6 55,1
FSII + KN ' 47-8 ‘ 57-0 4401 49-7
FSIII 4+ KN 36.7 41.7 4007’ 39.7
BD; 43.3 51.2 59.6 51.4
BD; g 45,7 50,5 63.5 5542
BDr1q ,55'7 | 70.3 69.4 . 65.1
KN 69.3 : 60.1 67.9  65.8
Gemrall meam- 48,0 53,3 56,2 5245

‘C.DO for PH effect = 309

at °%.
C.D. for pH x treatment effect at 5% = 1ll.1



TABLE 89

" Mean uptake of phosphate (ih mgms) by perennial rye grass
grown in Silwood soil of different pH treated with straw+KNO3
and Blood Compost at three levels of each t{reatment.

Ireatments | Treatment means
C | 21,9
FS; + KN 27.7
FSpp. + KN _ 20,9
FSyyp + KN ' 18.2
BDg | 25,6
BD;p | 26,1
BDI;; 3o
KN ' , ' o 29.1

Genersl mean 25.0

C.D. for Treatment effect at 5% = 2.11 = 2,1



TABLE 20

Interaction cffect of pH and treatment on the uptake
(in mgms) of phosnhate by perennial rye grass grown in Silwood
soil of different pH treated with straw+KNO, and Blood Compost
at three levels of each treatment.

Treatments Soil pH Soil pH Soil pH Average
5,2 642 7.2
c 25.3 18.7" 23,7 21.9
FS;; + KN 22.7 22.7 17.3 20,9
FSppp + KW 14.9 , 19.0 20.8 18.2
BDy 23,7 24.8 28,2 25.6
BDyy 2443 27.8 26.2 . 26.1
BDyyy 27.2 32,7 35.1 31.0
KN , 3140 30.5 25.7 29.1
- Ascage 24,0 25,7 25,5 25,1

C.D. for pH effect at 5% = 1.29 = 1.3
" " pH x treatment effect at 5% = 3.66 = 3.7



TABLE 91

. Treatment effect on the uptake of K (in mgms) by perennial
rye grass grown in Silwood soil of different pH treated with
straw+KN03 and Blood Composts at three levels of each treatment,

Treatment - Ireatment means
" ' . (in mgns)
c | 29.3
FS; + KN | 65.9
FSII,+ KN | : 57.1
FSypp + KN ‘ o 514
BD; | ‘ 3943
BD;p - 44.9
BDIII‘ ’, 58.7

KN | 7041
Average o 51.7‘

C.D. for Treatment effect at 5% = 5.87 = 5.9



TABLE 92

Interaction effect of pH end treatment on the uptake of
ootassium (in mgms) by perenmial rye grass grown in Silwood
soil of different pH treatsd with straw+KN03 and Blood Compost.

Tréaﬁmentv : Soii pH Soil pH | 3cil pH Average
542 6.2 7.2
c 33,1 23.3 26,4 29.3
FSp + KN 66,5 64.8 6.0 65,9
FS;p + KN 64,8 55.8 50.6 . 57.1
FsiII + KN 49,1 49.9 55,2 | 51.4
BDg 44.6 35,3 © 38.0 | . 39.3
BD; © 50,1 39.9 44,6 44.9
BDi1p - 57.0 53.5 65.7 587
KR 87,3 62.8 60.3 70.1

Average . 5702 ' 4—8.2 . 5009 - 52-1

- C.D. for pH effect at 5% = 5.59 = 3.6
C.D. for pH x treatment effect at 5% = 10.2



TABLE 93

Treatment effect on the Mg uptake (in mgms) by perennial
rye grass grown in Silwood soil of different pH trezted with
straw+KNO3 and Blood Compost at three levels of each itreatment.

Treatment Treatment mezns
(in mgms)
c 5.15
FS; + KN ' 7422
FS; + KN 576
FSipp + KN | 3,85
BD; 6.44
BDII T.47
‘BDIII 8.74
KN , ' : 6.98
General mean 6.45

o~

at B%



TABLE 94

Interaction effect of pH and treatment on the Mg uptake
(in ngms) by perennial rye grass grown in Silwood soil of dif-
ferent pH treated with straw+KNO~ and Blood Compost at three
levels of each.

Treatuwent Soil pH Soil pH Soil pH Average
5e2 642 T.2
C 5.14 4.46 5.87 5615
FSI + KN 5«30 6.92 ®.37 T.22
FSII + KN 5466 5.73 5+90 5.76
FSIII + KN 3.61 3.70 4.24 3.85
BDII 1 6.00 7.06 8.35 Te47
BDIII 6.22 - 8.088 1l.12 B8.74
Average 5.37 6.52 T.67 6.45

CeD. for pH efriect at 5% = 0.60
C.D, for pH x treatment efiect at 5% = 1.70



-

TCTABLE - 95



Dry matter (tops only) yield (in gms) of rye grass

grown in Silwood soil of different pH.

Treavment
Control
FS; (G55

P51 (1)

R

2.034

Ry

2.127

24440

2.137

) J.- 475

€. 295

'Soil pH 5.2

Totzl

4.161

37.480

Soil pH 6.2

2.441

2.030

2a477%

2,640

3.327

Ry
2.014
3.093
2.409
1.745
2.431
2.456
2.712
5. 404

20.314

6.849

41.88¢



S0il pH 7.2 Potal

Rl | R2 Totul Rl ‘ ' R2 Total
20848 2,340 44788 s.a42  G.4ol 120523
5,726 3,375 714101 G.565 8,908 © 18,273
2,347 24348 4,695 74062 54954 14.016
1767 2473 a260 5.3 5.693 11,081
5,205 2,855 64150  geos2 Teesl 15.653
54402 2.985  ©.390 30292 8.155 164447
4,064 3.321 1385 9.569  ©.455 18,052

5.749  35.239 6,988 10.750 9.944 20.6%4

 24.818 22,939 47,757 644870 62,249  127.119



TABLE - 26



TADLE 96

Dry matter {roots only) yield (in gms) of rye grass
grown in Silwood secil of different ph.

Soi. @i 5% Sew PH 6.4

Treatments R, Ry Totul Ry R, Total
Control 1,080 1.220  2.400  0.953 0.9281 1.871
FS;(.5%) 1.439  1.327 2.816 2,255 2,231 4.486
FS; (1%)  1.676  1.629  3.305  1.594 1.620  3.214

Fsppp(2%)  1.497  1.324 2,821 l.41e 1.2T1 2,689
'BDI(.ﬁ%) | 1.224 1.279 24503 1.438 | 1.618 3.056
BDII(I%) L0l 1,090 2,191 1.610 1.415  3.025
BDppp(26)  1.428 1533 2,961 2172 1.923 4,100
KN 1,908  1.036  3.544 2,214 2,429 4.643

-Total 11.503 11,038 22.541 13.654 13.430 27.084



l’“”
E
LX)
o\

- Soil pH 7.2 Total

Rl Rz Totzl Rl R2 Total
1.428 1,183  2.611 3,561 34321 6.882
2,468 2,274 4,738 6.208 5.832 12,040
1.685 - 1.407  3.092 44955 44656 9,611
1.428 1.773  3.201 4.343 4,368 B.Ti1
2,001 1.766  3.261 4.663 4,663 . 9.326
1,383 1,641  3.024 | 4.094 4.146 8.240
2.219 1.914  4.133 5.919  5.375  1l.194
2,148 1.883  4.0351 5.270 5.948  12.218

14.756 13.841  28.597 39.913 334309 78.222






TABLE 97

Dry matter (tops and roots both) yield (n gms) of rye
grass grown in Silwood soil of difierent pH.

Soil PH 5.2 Soil pH 6.2
Treatments ﬁl R2 | Iotal | hl ‘ R2 Total
Control 3.214  3.347  6.561 L 2.913  2.932  5.845
FS 5616 5.167  1.643 5,507 5.324 10,851
FSpq 3.950  3.826  T.776 . 4.035  4.029  8.064
FS1qq 3.038 2,799 5.837  3.448 - 3.016  6.464
BD; | 5.8 3.574  7.062 5911 4.099  8.010
BD;p - 5351 3.801 7.152 4.250  3.871  8.121
BDy1q 3.606 - 3.985  7.589 5.499 - 4.640 10;;39
EN  5.464 4,937 10,401 5.659  5.853 11,492

Total . 29.987 30.034 60.021 - 35.222 33.744  68.966



3,876
6,190
4.032
3,215
. 5.296
4.785
6,233
5,897

39.574

Soil pH 7.2
| R, Total
5,523 7.399
5.649 11,839
3.755 - 7.787
4.246 7.461
4.621 9.917
4,629 9. 414
5e235 11.518
5.122  11.019
36,780  76.354

10.003
15.573
lé.017

9.701
12.695

12,386

15.388

17.020

104.783

9.802

14,740

©11.610

. 10.061

12,294
12,301

13.858

15.892

100.558

Total

12.805
304313
23.627
19.762

24.989

- 24,687

29.246
32,912

205.341
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Total uptake of Mitrogen (in mams) by perennial rye
gress grown in Silwood =z0il of different pH.

Control‘

FSq

FSpg
FS1yy
BD
BDry

BDy1y

KN

Total

Ry
41,2
46.9
4645

41.3

40.9

44.9
48.8

T2.4

382.9

R,

42.4

Soil pH 5.2

Total

83¢6

87.8

95.7

111.4

138.7

T768.5

572

429.6

Ry
35.8
58.1
59.3
41.9
53,1
49.0
63.9

62.9

424.0

Total

713.9

117.9

114.1

83.5

102.4

101.90

140.7

120.1

853.6



Soil pH 7.2 Total

R, R,  Total Ry R, Total
40.6 42,7 83.73 11538 - 120.9 24047
64.5 60.7 1252 171.2 159.6 33048
44.1 4400 88.1 | 145.4 152.5  297.9
531 48.4  8l.5 115.0 122.5  238.3
61.5 5.7 192 15L7 156.5  308.2
647 6z 120 161.6  157.8  519.4
78.0 0.8  138.8 203.6  187.3 39049
73.0  62.8 1357 202.5  192.0  394.5

459,5 439.4 853.6 1271.8 1248.9  2520.7
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s e

~Jotal uptake of phosphate (in mguws) by perennial rye
grass grown in Silwood soil of different pH.

Soil pH 5.2 | 20il pH 0.2
Treatment Ry R, Total Ry R, Total
Control .26;8- 23.8 50.6 18.9 18.4 . 37.3
F5y(+5%) 23.8  22.2  46.0 29.4 29,3 58.7
F5;1(1%) 23.4 22,0 45.4 23.8 21.6 45.4
FSp17(2%) '15.5’ 4.3 29.8 193 18.7  38.0
BDI(.E%) 23.2 24,1 47.3 2%.8 25.5 49.6
BDII(l%) 23.2 25,5  48.7 28.5  27.1  55.6
'33111(2%) v27.o 27.5  54.5 346 30,8 65.4
K 31.9  30.1  62.¢ 29.8  31.3  61.0

Total 164.8 189.6 384.4 208.1 203.0 411.1



TABLE 99

Soil pH 7.2 : Total
R, R, Total Ry R, Total
23,0 20.4 43,4 66,7 62.6  131.3
33046 51,1 6L1.7 83.8 82.6 166.4
18.0 16.6  34.6 65.2 60.2 185.4
17.4 24,2 41.6 52.2 57.2 . 109.4
29.5 2649 56. 4 7645 76,8 153.3
26.6 2.7 52.3 | 7843 78.3 156.6
35.3 30.8. 66.1 96.9 89.1 186.0
28,2 23,1  51.3 . 90.0 84,5  174.5

208.6 198.8  40T7.4 611.6 581.3 = 1202.9
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TABLE 100

Total upteke of K(mgms) by perenhial rye grass grovn in
Silwood soil of different pH treated with fresh straw and

Compost straw at three levels of each.

Tréatments
antrol
PS5, (0.5%)
FS; 1 (01%)
FSp17(2%)
BDi(.rﬁ)
BD;7(3%)
BDIII(Z%)
KK

Total

Ry
40.1
:fO.l
6343
517
43.2
47.5
5541
9040

461.0

Soil pH 5.2

Rz’ Total
36.1  76.2
63,8 133.9
66.2 129.5 
46,6 9843
46.0 89.2
52.8 1003
58.9 114.0
84.5 174.5

915.0

'Soil PH 6.2

Ry R,
23.0 53.5'

61.9  67.6

53,9 57.8
52,8 46.9
35,2 35,3
43.0 36.8
60.2 46.8
62.3 6247

392.8 3T77.4

Tote

46.5

129.5

111.7

99.7

70.5

79.8

107.0

125.5

770.2



59.4

46.7

73.8
64.9

" 420.3

Soil pH T.2

42.5
5T7.6
5546

393.2

89.2

131.4

.120.6

813.6

TARLE 160

Ry,

93.2

198.7

168.6

150.8

117.8

137.2

189.1

217.8

1274.2

Tobtal

Ry

82.3

135.79

173.9

157.5

11749

132.1

163.3

202.8

1225.5

Total

175.5

395.4

| 342.5

420.6

2499.7
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TLOLE 101

- Total uptake of lMagnesium (in mgws) by vereunisl rye
grass grown in Silwood seil of dliierent gﬂ treuted with
fresh straw and Compocted 8traw.

Soil pH 5.2 . | 5011 PH 6.2

Rl Rz Total | Rl R2 Total
Gontrol  5.65  5.22  10.27 477 414 891
Fs; 5.27  5.44  10.TL - 6.65  7.20  13.85
FSqq 6.19 5.13 1_;.32 5.90  5.56 11.46
Féﬁl 5.8 554 T.22 4,02 3.29 7.4l
ED; 5.67 ° 5.59 11.26 © 5.82° 6,10  11.92
By 5.65  6.386  12.01 7.27  6.86  14.13
BDyqq 5.79  6.66 12.45 10,1 7.58  17.77
Kl\ 5.8 472 10,70 7.15  2.50  15.65

Total 43.46 42,47 o

[y
.

O
K=

5l.77 49.33 101.10



TABLE 101

| s;il PH 6.2 | Total
R, 32 Total Ry R, Total
5.89  5.84 11,73 1570 15,20  30.91
9.33  9.41 18.74 | 21.25 22,05 43+30
A’6;03 5.76 11.79 18.12 16;45 3457
3.46. 5.02 8.48 11.36 11,75  23.11
8.24  T.21 15,45 | 19.73 18.90  38.63
9.55  9.15 18.70 | 22,45 2239 4484
12,27 9.3é 22.25 - 28.85‘ 23.62 52,47
8,75 6.79 15.54 21.88 ‘/v26.01\ 41.89

64.12  58.56 122.68 159.35  150.37 308,72



TABLE 110

Top yield (in gms) of perennial rye grass grown in
Calcareous soil. (P — Liwmiting)

Treatuent - Treatment means
(in gus)
Control (C) - 2.019
Fresh straw (Fs) ' 2.336
Nitrochalk Compost (IC) 24392
Blood Comsost (BD) | 2.396
Sludge Coupost (SG) : 2.871
Green grass Comgosﬁ (GS) | 3.244
General mean ' : 2¢543

SeE. = 0.1985
C.De at 5% = 0.4423 = 0.442



IABLE 111

Root yield (in gms) of perennial rye grass grown in
Calcareous soil. (P - Limiting) ‘

Ireatment ' Ireatuent means

| (in gms)

C | o 0.973

FS ‘ ' 1.412

NC 1.190

~ BD S 1.211

SG . 1.404

GG o 1.726
Generai mean | 1.320

S‘E. = Ol 1493
_G-D- at 5% = 0.333



TABLE 112

Total dry matter yield (top + root) of perennial rye
grass grown in Calcareous soil.

Treatment Treatment means

' (in gus)

c , ‘ 2,992
- FS , 3.748
NC } © 3.588
BD 3.606
SG o ‘ 4,275

GG | 4.9@2__
General mean 3.863

S.E., = 0-3965



'TABLE 113

Total uptake of phosphate (P 05 = in mgms) by perennial
rye grass grown in Calcareous soig. (P - Liniting)

Treatment : ‘ Treatment means

(in mgms)
c 10.34
FS : 14.29
NC 14.05
BD | 13,76
s6 22,12
GG - £C.20
General meszn : 15.79

- S.E. for treatment = 056065
C.D. 2t 5% = 1.3513 = 1.35



TABME - '\\"1



TABLE 114

TOP + YIELD

REFLLIGR TN —>

| Treifment Ry | RII Rim Total
c R 2.170 1.842 2,044 6.056'
B 28u 222 1976 T.008
K 2,301 2,399 2,475 7175
BD 2.39f', - 2,024 2,766 .7.187
se - 2,835 | 3,008 . 2,770 5-613

6c 5301 3,165 3.265 9,731

Total - 15.815 14.659 15.296 45.770



TABLE 114

(TOP + ROOT) YIELD

R ' R Total

Ry IT | 111

3.233 | 2,722 3,021 8.976
44316 3.681 3.246 11,243
3.359 | 3.559 3,846 10,764
3.645 2.9é5 o 4,179 ~ lo.819
4,322 | 4.276 4,228 12.826
5.246 | 4,942 4,720 14.968

24,121 22,175 23,240 . 69.536



Fs
NC
.BD
SG
GG

Total

10.57

15.27
13.45
13.85

22,39

120.28

95.79

IABLE 115

PHOSPHATE

Ryp

9.40

14.02

135.49

12.25

21.87

19.58

90.61

III

11.05

15.58

15.23

15.17

1 22.10

20.75

97.88

Total
31.02
42.87
42.15
41,27
66&36
60.61

- 284.28



TABLE 116

Top yield of perennial rye gruss grown in Calcareous
soil (N - Limiting).

Treatment Treatment means
(in gms)

C c 1.609

F/s-1%  FS 1.351

N/C  KC | . 1.979'

B/C~1% BD 2.178

sg/c SG - 2.163

Gg/c GG , 2,242

General mean o 1.5203 gms

S.Es = 0l1536 £1S
C.D. at 5% = 0.34222 gus



TABLE 117

Root yield of perennial rye grass grown in Calcareous
soil (N - leltlng)

‘Ireatment Treatment means
(in gums)
C | ' C 0.830
FS 1.025
N 1.187
BD o \ 1.245
s 1.310
GG ' 1.281
General mean '4 | 1.25

S.E. = 0.1201 gus
CQDO at 5% = 0.,2676 =O-268



TABLE 118

Top 4+ root yield of perennial rye grass grown in Calca-~
reous soil (N -~ Limiting).

Treatment ‘ | Tregtment means

| (in gms)

cc 2,439

FS | 2376

NG . 5.116

BD | 3,423

s o 3,473

&e - - 3.523

General mean 4 : 3.007

S.E. for treatment means = 0.266 gnms
C.D. at 5% = '0.5926 gms = 0.593 gns



IABLE 119

Totael upteke of Nitrogen by perennial rye grass grown
in Calcereous soil (N - Limiting).

Treatments Treatment means

(in mgus)

C C 23.05

F/5-1% Fs } . 22.83

N/C-‘ NC : 32. 76

B/C BD 37.31

S¢/c SG | 39,95

Gg/c GG 38.98

General mean 52,47

S«E. = 2-4055 mEm
CeD. at 5% = 5.3595 = 5,356 ngm



BD

SG-

GG

Total

R

11,816

- 1.220
1.859.
'2.265
2,096
2,032

11,288

TABLE 120

1.461

1.382

1.916

2.291 .

2,414
2,430

11.894

II1

1.549

1.451

2.162

1.979

1.930

2.264

11.385

Top yield of verennial rye grass grown in Calcareous
Soil (N - Limiting).

Total
4.826
4,053
5.957
6;535
6.490
6.726

34.567



TABLE 121

Root yield (in gus) of percnnizl rye grass grown in Calcareous
501l (N - Limiting).

RI RII RIII Total
¢ 0.937 0.710 0.844 2,491
FS 0. 942 00912 1221 3.075
Ne 1,071 1,132 1.358 34561
BD 1.21 1,273 1,250 3,754
56 1.525 1.535 1,069 5,929
GG 1.268 1,384 1.191 34843

Totel 6.754 6,946 0,933 204033



TABLE 122

T02 + K00T yield of perennial rye grass prown in (alcareous
soil (I - Limiting).

Rp Ryg Rip Total
¢ 2,753 2,171 24393 74317
FS 2,162 2.294 2672 7.128
Ne 2,930 5,048 3.520 | 9,498
BD 5,476 3.564 50209 16.2'69
S6 . B.42L . 54949 5,049 10,419
GG 30300 5,84 3.455 10.569‘

Total 18.042 18,540 18,518 - 95.200



T:‘%BL&: 125

HITROGEN

Ry Ryg "RI 11 Total

c 25,93 21,19 22,03 69.15
F5 19,59 21,48 27445 65450
NC 51431 31456 35,82 $3.09
BD 37.33 3857 56422 111.92
s6 39455 45,17 37415 119,585
GG 35. 30 41.62 40403 116,95
Total 159449 156.39 195,03 5344 46



Table 125. Straw yleld of 2nd wheat (in gms).

Treatment Yreatment memns (in gms)
c 04899
/5 1.907
/G ‘ 1.430
B/c 1.676
5g/C 1.628
Gg/C L 1.604
K/K 1:067
. Beneral nean 1.459

Ses. of treataent means = 0.092315 gm.

-

C.D. at 50 = 0,198016 ga = 0.198 gu

Statistical interpretation at 5% level of
gignificance |
3 BD._S8G G& NC EN_ G




- Table 126. Rodt_yield of 2n§vﬁheat (in gms).

Treatment Treatment means (in gms)
¢ 0.308
7/8 0.616
- H/C 0.442
B/0 | 0.642
ss/8 0.583
Gg/C 04623
K/N . 0.36%
General mean ) 0.954

S5.E. of treatment means = 0.0433T gus.

C.D. at 55 = 0.093029 gus = 0.093 gn.
Statistieal interpretation at 5l level of
significance |

BD GG FS SG WG KN G




fable 127. Straw 4+ Root yield of 2nd wheat.

- Treatment Treatment meang (in gas)
C 1.207
s - 2.523
§G . 1.872
8D - 2.%18
SG 2.211
GG - , 2.227
N o 1.430
General mean ‘ 1.970

statistical interpretation at 55 level of
siznificance |

5 __BD G& Se& NG KN__ ¢




Toble 128. Total uptake of nitrogen (in wgms)

by 2nd whead.

Treatment Treatoent means (in mgms) .
G - 9.14
/3 - 19 19.74
/e 17.69
6g/C - 16.57
04 AR | '10.38
feneral mean | 15.006

3.B. of treatment menas = 0,9%3%2

CeDs at 5% = 2,00171 mgas = 2,00

S BD __SG GG XC EKN__C

s



Table 129. Motal uptake of phosphate (in mame)

by 2nd wheat.

Treatment Trgatment neans (in mgms)
G . ' | 9045
/s 16.81
‘ W/C 15.07
. B/¢C | 15.93
sg/C 14,77
Gg/C - 16.36
K/N 10.48
General mean ‘ 14.12

.Bs of treatment means = 0,6978 mgus
C.De at 5% = 1.49678 mgus = 1.50 mgm
Statistiecal interpretation at 5% level of
significance

¥ GG _BD ©NC S8SG KN O




Table 1%0. Total uptake of potassium (in mgms)
by 2nd wheat. | '

Treatment Treatment means (inimzms)
C 47.21
®/s , 105,54
N/C | 82,30
‘B/C 92.04
3g/C - 85.22 .
K/N , 60,00
Gencral mesn - 80,66

8.7, of treatment means = 5.1725 mgns

¢.D. a% 57 = 11.095013 mgms = 11.10

PS GG __BD. SG WG KN G




Table 131. Total uptake of magnesium (in mgms)
by 2nd wheat.

Treatment . Treatment means (in mgms)
(U S 1.231
B/s 2.489
N/G 1,513
/0 2.442
8g/G. , 2.404
¢g/c . 2,131
K/N 1.230
Goneral mean ‘ 1,920

5.5, of treatment means'=-0.210813 ngme

S 0.D, at 55 = 0.452194 mgm = 0,452 mem

FS° BD SG GG NG C KN



Table 152. ITotal dry matter yield of 1st

+_2nd‘wheat.'

Treatmant Treatment mean (in gms)
¢ 5.751
B3 4,620
NC 4,745
D 5.495
3G 5.093
eTe] | 5.769
KN | 5.187
General mean 5323

C.D. at 5/: = 045%4 g

GG ¢  B8G BD KN HC FS




Iable 133. Total N upteke by 1st and 2nd
wheat (combined)

Preatnent Treatment means (in‘mgﬁS)
c | 1 40.97
FS 38,88
NG | 38,66
BD 38,49
e 46.61
KN | | 35,87
Géneral mean 40.84'

C.D. at 5% = 4.00 mgm

GG 8¢ C FS NG BD KN




Table 134. Total P,0;_uptake by lat and 2nd
Wheat (combined). | |

T
Treatment Treatment means (10 mgns)
c | 51,62
Lo S . 27.98
- We 29,39
s¢ 35.83
e - 38,97
RN 38,14
General mean ' 3%.3

C.De at 5 = 3 mgm,

G& KN SG BD ¢ NC BS




Pable 1%5. ZTotal K uptake by lst and 2nd

wheat .(combined)

Preatment Treatment means (in nEns)

c 114,24

PS 136445
NG | 126.38
BD 138,30

fse  ue.24
¢¢ 154,10

"KN, . . 138.72

NI, s SO

Goneral mean 136.35

. C.D. at 5% = 22 mgm.

GG 56 KN BD FS NC C




Table 136, Total Mg uptake by ist and 2nd
wheat (combined).

Treatment Treatment means (in mgms)
c 6.48
'FS 4&89
NC 4076 ’
ED . 5453
G o 7.16
KN ; 5e38
General mean 5,80

¢.D. at 54 = 0,904 ngnm.

¢ ¢ s8¢ BD KN FS NG
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