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sitrogen is unicgue anmong the major plant nutrients derived
from soils in that 1t may be Takewn wup by plants either as an anion
or cation. oitrate snd smmonium comprise the pool of assinilenhle
nitrogen, dut Tiheir proportionate contributlon varies congiderably
under differing climatic a&nd soll conditions.
1erel rule Tor & constant balance

Sear (1950) formuliated a ge:

3

hetween The numver of ecuivalentvs of cationms and anions in the

hernage of growing plants, From this 1t msy be sugzested that the
uptake of cations and anions, other than ammonium and nitrate, wil
be merkedly influernced Dy changes in the ionice Torm of nitrogen

being absorbed Dy non-legumes. That unitake of ioniec mnitrogen
normally exceeds that of any other lonlc species, supporis this
suzgestion,

s¥periments undertaken in thie investizgation were deslunsd

to test the velidity of the foregoing wostulate, using nesturs

regine in the field could e of sggronomic significence. . eluci-

iation of the relationshins hetween tThe forw of wminesral nitrogen

available and certzin physiological wrocesses within the fesv

nlants, was also sought.

rasses, vith & view to estenlishing whether chsngss in The nitrogen



SECTION IT

LITERATURE REVILW

A S0IL NITROGEL

1 THTRODUCTION

The nitrogen cycle in grasslands has been reviewed in deteail
(C.A,B, Bulletin 46, 1962} and with particular reference to grass/
legume associations under N.Z. conditions (Walker, 1956, 1962; Sears,
1956, 1960, 1963). This review is biassed towards the gqualitative

aspects of mineral nitrogen (¥) availability to pasture grasses.

2 NITROGEN REGIME UKDER GRASSLANDS

(a) General

Grassland soils generally contain low or negligible amounts
of nitrate (NOBJ in contradistinction to soils under crops ox
fallow (Martin, 1962; Robinson, 1963). It has been suggested that
this is because grasses absorb ammonium (NHQ) too quickly for nitri-
fication to commence, whether the ﬂHu arises from mineralization of
organic I (Martin, loc.cit.) or is added directly in fertilizer
(Richardson, 1938). This may explain the continuously low level
of mineral N recorded under Huropean grasslands, as grasses and
associated microflora remove ¥ from soil very rapidly {(VWalker et al.,
1954), However, it does not satisfactorarily explain the apparent
absence of nitrification, as pasture soils frecuently contain the
major part of their mineral I as HH@, at higher levels than in

arable soils (Martin, 1962; Robinson, 1963). A specific inhibition



of nitrification by exudates from grass roots has been postu-
lated (Theron, 1951; Soulides and Clark, 1958) but it is not
universally accepted {Harmsen and van Schreven, 1955; Russell,
1961), This writer feels that the relative levels of the two

N forms present in soils at any time, as detected chemically, is
not necessarily indicative of their proportionate uptake by planis.
Apmonium, the substrate for NO3 formation, is not free to diffuse
towards the sites of assimilation, whether microbes or plants,
because of ite asscciation with soil colloidal surfaces (Brown,
1963). Free diffusion of NO3 may result in its absorption at a
rale commensurate with formation, so that no accumulation is
observable., Viersum (1961, 1962a, 1962b) has drawn attention to
the efficient utilisation of the soil volume by the root systems
of grasses, in contrast to other species, which could account for
differences in I\TO3 levels between soils under pastures and arable
soils., That NH4 levels are generally higher under grasslands
could be owing simply to a more rapid cycling of H, especizally
vhere the grazing snimal is involved, resulting in higher "bhack-

ground" values for NH#‘

(p) Seasonal Rhythm in ¥ Form

The part played by grazing ruminaiis in the I cycle has
been reviewed by McDonald (1962). Of the il returned to soil by
animals, some 80% is voided in urine. This is the major pathway
for transformation of herbage organic N, including that fixed by
clovers, to soil inorganic forms under N.Z. conditions {Sears,

19563 O'Comnor, 1966). This process contimmes throughout the
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year., There is no precise information as to whether the quanti-
tative significance of the urinary cycle shows a seascnal pattern.
Obviously, D.M. intake during the winiter period dinminishes, under
most systems of farming, but herbage ¥ content may be twice that
encountered in summer, with improved pastures (Metson, in press).
Deak (1952) has studied the chemical changes when urine is voided
on to pasture. Hydrolysis of urea to ammonia was rapid giving

a pronounced increase in pi. This resulted in some loss of H Jo
the atmosphere and interference with nitrification. 1 was con-
cluded that loss of elementary ¥ to the air was not important,
but that rainfall, with consequent leaching of urea, NOz and NOB,
played a major part in the fate of urinary #. The significant
point arising is that if nitrification of urinary ¥ is occurring

throughout the year, NO. would be defectable in drainage waters

3
at all times, as H is lost by leaching almost entirely as 1'-@03
(Martin and Skyring, 1962).

Butler and Hopewell (pers. comm., G. W. Butler) studied
the loss of minerals in drainage waters from a high fertility
catchment under a grazed grass/clover sward. With the appé}ance
of drainage waters in autumn, HO3 levels in solution were ééry
high, of the order of 20 ppm. This level dropped quite rapidly
with progressive leaching, until no NOB was detectable in drainage
waters during winter and early spring. ﬂOj reappeared in late
spring, at comparatively low levels. A similar patifern was
established by analysis of the drainage effluent from soils re-

ceiving smmonium fertilizers during observations on spaced plants

(loc.cit,)., Puke (1959) concluded that highest levels of EOB



occurred in early summer and autumn, in scils undexr mixed swards.

Simpson (1962) found that. soils under improved pasturesz in Hew
South Wales, accumulated ﬁoj in substantial amounts during summer
and autumn, It disappeared from the topsoil after the heavy rains
of autumn and winter., Collier (1964) found that drainage waters
from a c¢lay soil studied with lysimeters, contvained high NO3 con-
centrations after a dry summer, vhether the soil was. cropped or
fallow. HMetson (pers.comm.) measured the NOB content of surface
soils from a variety of sites in Hawke's Bay and Wairaraps,
HMeagsurements were made in February. Vhere growth had been inhi-

bited by urine, KO, in the soil below these "burned" patches ranged

3
from 30-190 ppm. Under new growth on old urine patches soil HOB
ranged from 5-70 ppm. This supports the published data of Thompson
and Coup (1943} for H.Z. conditions.

Indirect evidence for seasonal patterns in nitrification
under improved pastures comes from sbudies on the chemical compo-
sition of grasses., Butler (1959) reported that grass with high
inorganic EOB levels was most frequently observed during the
autumn flush of grass growth., After an unusually dry winter followed
by warm spring temperatures, a similar situation was once reccrded
in September. IHetson found that the EO3 content of rapidly growing
grass, influenced Ly recent urination, was some 4 times that of
herbage nearby, during autumn sampling.

Prom this eviderice, it is concluded that there is a marked
seasonal pattern in the form of N available to grasses in improved
pastures. A4s a generalisation, NHb predominates during the

normally cold, wet soil conditions of winter and early spring.



With increasing soil temperatures and aeration, the activity of
nitrifying bacteria is enhanced and the relative contribution of
1\'."03 to assimilable ¥ increases., With warm rains, followed by
intermittent dry periods, NOB assumes increasing importance., If
leaching is not extensive, NOB accumlates in the surface soil
and attains major significance during the auvtumn flush of grass
growth., With progressive rainfall, subsequent leaching and
falling temperatures, the significance of EOB declines while
NHM assumes predominance again in a repealting seasonal rhythn,
neported H.Z. observations are difficult teo reconcile
with the introductory remark of Robinson (1963): "...., the
general failure of grasslands to display nitrification"; and
with the statement of Iartin (1962): "..... : Lhe present
compromise is to assume that nitrification plays 1ittle or no
part in the W anutrition of permament pastures and that grasses

absoxb their ¥ almost entirely as ammonium", Under high ferti-

[

ity conditions, when grass/clover associations are attaining
grass dominance and soil orgenic I is near equilibrium (phases
3-4: Sears, 1960) field observations in ¥.%. show that nitri-
fication and subsedquent NO3 assimilation by grasses play a major
part in ¥ nuitrition during some periods of the year, Tnis serves
as a warning agsinst extrapolating suropean observations to local
conditions, without H.%. confirmation. Dutch workers have

fad

difficulty in giving credence to the high I contents weported for

[
w

H,Z, winter and spring herbage (pers.comm. Hetson). t may b

that under the i.%. grass/clover grazing system, all pi

Hh

ases o



the urinary cycle cperate at higher ecuilibrium levels than in

Lurope,

(c) Soil TFactors

There is ample evidence that the generalisation above may
be overridden by local soil factors.
(i)  pH Below pH 6.5, nitrificatioa becomes progressively
retarded with increasing acidity to the point of irreversibvle
impairment at pH 3.9 (ifartin, 1962). He suggested that the
apparent lack of nitrification observed in ZEurope under old,
established grasslands may be because of low pH., Robinson (1963)
concluded that the low population of nitrifiers in a virgin ‘tussock-
grasslend soil in M.2. was in part owing to its natural pH of 5.5
being below the optimum for nitrification - an observation in agree-
ment with Ross (1960) and confirmed by O'Connor (1966) studying
similar soils, Uany workers have recorded & negative relationship
betveen pH and nitrification; e.g. HMHoravec {1963) in
Czechoslovakian soils under grassland associations and Ishizawa
and Matsuguchi (1962) with Japanese soils,

Low pH, and subsequent lack of nitrification, does not
necessarily imply low fertility conditions. Ammonification is
far less sensitive to extremes of soil pH than nitrification,
because the process invelves many kinds of soil micro-crganisme
(Martin, 1262}. On the basis of observations over several years,
O'Connor (1966) has concluded that on the naturally acid tussock-
grasslands, as long as legume mineral nuitrition is safeguarded,

pasture development can be carried forward under scid conditions



[

with negligible nitrification occurring. Similarly, very high
production has been maintained at the Te iwa substation of Frass-
lands Division, where scil pH is 5.0 - 5.1 (pers,comm., C, ¥ichie).
In as far as data are svailable Tor B.Z.ys50ils of low pH, such as
that just cited, would De expected to have a low population of

nitrifiers and low nitrifying anility. IH, would be expected to
r

be the major H form assimilated Dby plants throughout the year,

o
.
i
Fy
|__I
:<:

(i1) [Temperature, loisture and Aeration are considered b

together, as they are virtually inseparable in the field, Optimun

soll temperature for the combined sctivities of Witrosomonas snd

. N . - 0 . - .-
Hitrobscter is reportedly 25-27 C under ideal moisture condition

(Skyring and Callow, 1962}, Hitrification can be detected in vitro,
however, at temperatures approaching ¢%c (Gerretsen, 1942; Schaefer,
1964), There has been a great dezal of repetitive observatioa of
increasing nitrification vith increasing temperature to an optimum
near 27°C (Parker and Larson, 1962; Andersoan and Boswell, 1964, and
others).

Heavy rain, besides its obvious effect of leaching 303,

inhibits nitrification (Skyring and Cailow, 1962), Nitrifiers are
strictly aerobic. As moisture above field capacity and the 02
content of soil air are inversely related (Russell, 1961) nitrifi-
cation is progressively inhibited with increasing precipitation.
Eventually, under anerobic conditions, denitrification occurs
(Sxyring and Callow, 1962; Parker and Larson, 1962). Russell (1961)
discussed the high levels of COQ in the soil atmosphere under
pastures and its marked incregse in wetted soils, ds nitrifisrs

are inhibited by high concentrations of 002, Russell suggested that



this may account for the apparent lack of nitrification uader
Huropean grasslands,

Of considerable agriculfural sigrmificance is that the
appearance of on is markedly increased by alternate wetiting and
drying, as opposed to any steady stete of moisture (Birch and
Friend, 1956; Birch, 1958; Calder, 1954, 1957) and by fiuctua-
tions, rather than 2 steady state, in tempsrature (Frederick,

1956), This "Birch effect" may account for the report by Butler

®

(1959) that under high fertility pastures, the HOB concentration
incrsases to high levels when light, warm rains follow lengthy
dry pericds,

It is concluded thal the relative significaace of KH@ is
grsatest with low soil temperatures and/or high vater contents
with attendant, poor aeration, This would include all waterlogzed
soils and solls which are badly drasined or heavily poached so as
to ceuse temporary retention of water above field capacity. Every-

iU, sssunes greater importances in warm well

thing else eoual,
A

drazined soiis under zerobic conditicus, especially with slternate
wetting and drying,

Thege effects of *emperaiure, molsture and aeration on I
transformations are in general harmony with the observed seasonal
rhytim of W form under high fertility conditions, suggesting that
the recorded pattern is the result of climatic effects on nitrifi-

cation,

(iii) Cremanic matber status may appreciably alter the generalised

L4 o

situation for high fertility conditions outlined in (II, 4, 2, (b) .

Under low fertility conditions on mineral soils organic H levels are
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lovw, the C/I ratio is comparatively high and these charscteristics
are generally coupled with a naturally low oH (Robinson, 1963;
GtConnor, 1966). The urine ecycle is quantitatively much less
significant owing to the extensive nature of the farming on such
soils {0'Coanor, 1966},

The importance of the C/I7 ratio in the course of ¥ trans-
formations has been reviewed (Harmsen and van Schreven, 1955).
Because of the interdependence of these two elements in metabolic
processes, mineral N is incorporated into microbial protein almosth
as rapidly as it is mineraliged, in soils with a high C/¥ ratio.
In high fertility soils, on the other hand, with a low C/I ratio,
mineral H is released in excessg of the requirvements of the hetero-
trophic organisms meiabolising the contained carbon compounds in
the orgenic matter, This excess of mineral N is available o plants
as their energy

and the autotrophnic aitrifiers, which rely on HH#

Source.,

ke

cation in H.Z2. soils under

is

it

Studies have been made of ni

native tussock-grasslands. These soils showed little nitrifying
potential in their virgin state, which was attrivuted to a combined
lack of mineral I subsitrate to maintain a population of active
nitrifiers and & nsturally low pH (Ross, 1960; Robinson, 1963;
OtConnoer, 1966), Hitiifier population was stimulated by addition
of urea, with more lastving effects when lime was also applied
(Robinson, 1963; 0'Connor, 1966). 4ifter reviewing recent evidence
¥artin (1962) concluded@ that plants are weak competitors for HT#
compared with micro-organisms, and that heterctrophes compete

el

more efficiently for a limited supply of EH4 than do nitrifiers.



These views are supported by Ross (1960) who found that nitrifying
activity in Taupo soils was negligible in the virgin state but
increased after a period under improved mnastures. Ze did not
apporticn bthe cause between beitter zeraiion, increased ¥ avails-
bility or increased I gsubstrate from cleover growth, however.,

It is concluded that under low fertility conditions, espe-
cially as these are generally associated with low pH, nitrification
is not a significant pathway in I transformations. Decause of the

intense competvition between resident non-legumes and soll organisms

for mineralised NEM’ gragses assimilate virtuelly all their mineral
HJdin the “HL form., A large area of soils subjected to extensive
ferming practice falls into this caotegory in H.Z.

(iv) Cultivation promotes mineralization of organlc I (Bussell,

1961), Hormally smmonification is slower than aitrification and

~ate-limiting step (Flartina, 1962), Tillage of high Ffertility

[
s}
ct
(R
)
6}
H

soils will therefore result in accumulation of HOB, especially if
cultivation precedes a period of dry Tallow. HNewly sown pasture

.6 1ikely to have a high KOB content 28 a4 consequence (Butler, 12597,

i ta

O*Connor (1966) revorted that mineralization in soil under
tussock-grassland was negligible following cultivation from its
natural state. However, afier manuring and tillage, mineraliza
as measured by & availability to subseguent crops, was greater even
though total scil I had not changed measurably. This suzgested
that the rate of mineralizetion was affected by the quality

(especially the C/N ratio) of recently added plant residues - =2

finding reported by others (Russell, 1961).



B THE UPTAKG, HBTABOLISH, AND ACCUMNULATICH
OF LAJOR Eu4v9118 L PLAKTS

1 LITHODUCT LON

One aspect of the nutritional value of pasture herbage
is its content of major elements derived from the soil (Yhite-
head, 1366). Hany complex factors are responsible for determining
end modifying the content of fthese major elements, as measured in
herbage. 4n understanding of these interactions is & pre-requisite

L]

to any manipulation of the eaviroament with a view to improving

the nutritional value of herbage.

This seciion of the review deals with some asgpects of these

(=0
F
T

ractions, with pariticuler reference o the situation duvring “54

and HU., segimilation.

LS

2 HITROGE MeTARCLISH T NON.LIGURES

(a) Introduction

dyart from water, K is probably the major factor Limiting
agricultural production, The quantitative significance of ¥ in
pasture grasses ils large in relation to cther soil-derived elements.
To achieve their inherent capabilities, pasiure grasses have to
derive a greater eguivalenti cuantity of I from scoils than of any

other dlement, except silicon in some cases {(Dijkshoorn, 1957

Sutcliffe, 1962; Cunningham, 1564 et segg.}. The import-

s

S24d. 3

wEos - . . - s R o
ik i

ance of N has maintained a central place in the interest of
scientists and plant physiologists for more than & century. DZarly
work has been revieved by Filler (19 8) and HcKee (1962), With +the

advent of new technicues, in pariticular paritition chromavogrephy,



and isotopic teciiniques, there have been dramatic advances in the
field of H metabclism in the past 15 years. The result has been a
spate of reviews dealing with various aspects of the subject.

The organic W constituents of non-legumes arise principally
from inorgenic mineral Il derived from soils. It is proposed to
review N metabolism in plants only iasofar as an understanding of
the blclogical processes involved is unecessary in the present study,
Urganic ¥ compounds are indispensible as structural and funciional
components in all plant tissues, but any further elaboration of this
is beyond the scope of the current review., For a full review of H

metabolism in wplants the reader is referred to the following:

==

Runhland (1358); S5.E.B. Symposium Wo. 13 (1959,, and NMciee (1952),

It is generslly agreed that inorganic ¥ provides the major
sovrce of H for assimilation (Ifiller, 1938; licKee, 1962), It was
concluded in & previous section (II, &) that, for grasses, mineral
I mey be available as H0, oz Eﬁu depending on environmental and
soil conditions. The possible contribution of goil-derived nitro-

genous organic compounds to the I nutrition of planis has been

reviewed (Burrie, 1959; ZXonnonova, 1961;. BSome of these compounds
may enter thne plant and be assimilated., It may be concluded that

thelr guanititative contri vution to total H uptake is insignificant

by comparison witih mineral # and they are not considered further

in this review, Situations giving rise to appreciable quantities

of nitrate or urea in soils, asnd their assimilation by plants, appear
to be very specislised (Skyring end Callow, 1362; Hartin, 1962) so

that plant metabolism of exogenous nitrite and ures is nov discussed.
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(c) Assimilation of Ifineral Hitrocen by Plants

Both forms of mineral ¥ are biglogically iacorpnorated as
ammonia, which involves the prior reduction of HOB' The enzyme
systeams involved have been reviewed recently {Kessler, 1964),

After absorption, the reduction of HO, in the plant apparently
-

occurs in the soluvle partv of the protoplasm. The first step has

been clarified, and involves the reduction of HO, to NO? under the
3 2
t

influence of the enzyme, nitrate reductsse, 2 metsllo-flavoproiein

containing molyhdenum. The hydrogen donor is the reduced form of

either coenzyme, 1 or II.
HADPH - o MAT
7 or NaDH, g or HAD

Nivrate reductese is an adaptive enzyme. It is induced by the

.

presence of NU, in a wide variety of tissues (FPilner, 1965),

3
Holybdenum is recuired for its synthesis which may be quite rapid,
The stevs in the furither veducticn of NG,- %o ﬂﬁj in higher plants
are not clear, Iron, copper and manganess are required cofactors
probabvly together with an unlmown organic cofactor. Warether or not

free intermedizates are involved is argued (liciee, 1962; Xessler,

1964 ), In generalised foram, the overall equation for NG, reduction
3

can be wriftten as:

fl

HHO + BH WE +  3H,0
3 3 2

The further assimilation of HHB, whether arising fromn HOB or NHM’

requires that inorganic M is combined with a carbon skeleton, pro-

vided basically by photosynthesis. Taisg is accomplished by amination

of a-ketoglutaric acid (Davies et al., 1964):



|-
N

;2 + HHE - H2 - Hgo
7 'S rird
i1 T
2 | 2
COCH cooH
u-=tetoglutaric scid Leglutanic acid

As the equilibrivm for this reaction liss strongly towards the
right, where free ﬂﬁj, e-ketoglutaric acid and veduced coenzyue
are available inorganic ¥ is rapidly inccrporated. Glutemic acid
is the immsdiate substrats for formation of otvher nitrogenous
organic materials. The amino-grcup may be transferred to other

keto-acid caroon askeletons, with suovseguent Fformation of the

corresponding amino--acids according to the general formula:

k] MYy ATTT LT RTA R ! = RS T T ahiy B 5 T , = TITTE T T
Lo i Igin Cv J.I Fan O 1 = R LIO CUOI.L - —'R- OJ.L'.JI ) i I
1 U 5 U + > U GO0 1 5 L2 C
slutamic acid ifeto-acid g-ketogluteric seid amino—acid
Hany of the aminc-acids incorporatsd iuto plant protein ariss dir-

ectly in this way. Uf pariticvlar intsregt in this discussion is
that the dicarboxylic amino-acid, aspartic acid, arises by trans-

apination of oxalcacetic acid from glutamic acid in the presence

C{J
~
U_J
n
e
[
¢}
-

of The wilidespread engyme glutamnic-aspartic transaminas
1953; Davies 2% al., 1964). Thus, by cyclic eminetion snd trans-
amination, limited amounts of w-ketoglutaric acid and glutamic
acid may act as intermsediates ia the formation of & wide veristy
of amino-acids duriang the incorporation of minersl I into the

-

organic Il pool, The two amides, glutemine and asparagine, play
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Mineral F may be incorporsted into organic forms in both
roots and aerial tissues (Street, 1949:; Burris, 1959). Russian
work, reviewed by Mclee (1962), has showvn & rapid circulation of
organic materials bhetween different plant organs, Carbohydrates
vagsed from the leaves to the roots wiere they were netapclised,
presumably to keto-aclds, to provide carbon skelstons fow amino-
acid synthesis, 4Aminc-acids syunthssgised in the roots were largely
transporied to the shoots. The synthesis of 2 wide range of amino-
aclds in roots has bheen demonstrated for a variety of species, but

roots are not the only scat of this precess (loc, cit, ). Bekmu-

Ikhanedova {1961) found that inorganic I did not exceed 20y of tobal
& in the bleeding sap of maize, whsither plants were receiving NO
oT i The concentrations of totsl and organic ¥ were higher with
fhu nutrition., The overall pattern developed from long term experi-
ments is for carbouydrates Lo move lowards the plant roots aand forx

nitrogenous orgenic materizls o move upwards Trom the roots (lickee,
1962), Roots ave important sites for inorgenic II assimilation intc
the orgenic pool, particularly if HE@ is availavle {¥urssnov, 1956

Delkmukhamedove, 1961), Ammonium never accumulates in healthy plant
tissues, exceplt in a few atypicel "acid planis™ (S

HcKee, 1962) and is veportedly toxic at comparatively low concen-—

trations (loc. c¢it.). I+ is assumed, therefore, o be rapidly in-

corporaved inte ovganic forms in the roots directly after absorptioxn.
The metabolism, itransport and accumulaiion of ¥ is summarised

g entirely illustrative. BSilochemical rezctions

[=ia

in figure 1, waich
are not showa in full, The term "transamidation® has been used

locsely to cover the resction sequence by which amide ¥ is trans-
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FIGURE 1 CONVERSION OF INORGANIC W TO ORGANIC FORMS,

TRANSPORT AND STORAGE WITHIN THE PLANT
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ferred to keto-acids for the formation of amino-acids, although
the transfer may be much more complex than a simple transamidation

(lciee, 1962),

3 NITRATE VERSUS AMRIOHIUM TI PLANT WUTRITIOHN
Comparisons between these wwo forms of mianeral W in plant

nutrition have been the subject of several reviews (Millew, 1938;

oD
[

Street, 1949; Hewitit, 1952; Street and Sheat, 1958; Burris, 1959
MeFee, 1962, and others). &g will be showa in the following

sections, the relative efficilency of i#0, and EHM ig influenced by

3
a nunmber of envirommental and plant variables. 4n understanding
tg ds vital in the interpretation of experimental

ions regarding the effects of Il form on plant composition,

(i) Dpecies differences: Ammonium has heen rencorted as the more

effective sole & source for some speciess: vypotato, rice and soms
species oI Deet whlch were apparently uaable to metabolise EOB

(Gtreet and Sheat, 1958); Dbirch (Van Tuil, 1965); azalea

. . - ¢ . . ..
(Burris, 1959); and some "acid plaats" {e.z. Begoniz spp) which

-t

711l accumulate NH, salts of organic acids when fed EH#’ {licFee,

1962). ther plants, have been reported to grow better with HO

3

a8 the scle i source: cereals including barley, oats, rye and
wheat (Sireet and Sheat, 1958); some beets, coantradicting the
cbservation above (lMekes, 1962; Van Tuil, 1965) and poplar (Van

Puil, 1965). Grasses were reporied to grow well with either I

source (pers.comm., 3. 4. Zirkby). Wallace (1954} suggested that



specific differences in ability To utilise HOB may ve related to
genstic countrol over potential nitrate reduciase activity,

lany plants can assimilate both ¥ forms from culture solutions
and have Irequently ween reported to develop most vigorously whes
supplied both forms simulitancously. Droineau and Blanc (1960)

oniy 1, of HOB wag addsd 1o EHQ cultures, They felt that the oxi~
diging function of this trace of #G_ mey have had some lunortaant
o

plant physiological implicatioan. Sirect and Sheat (1958) attributed
thie suneriority of the two forms in compination to the nhysiclogical
atabilisatica of »d and associated effects, such as iron availanility,
rethsr than to & direct effect ol fthe ftwo lons on metabolic Dalance.

45 will e discussad subseguently, environment can de an
overricing ractor in the welative efficiency of either # form. &a
aveilables dzata ave zenerally vased oa zingle investigetions with
attendant variations
avdout the relative us

current

]
o

70, in th
A

=

3 nutrition of rice is

P

Jowever, in their review Street

given by Horim and Vlawis  {1962).
and Sheat (1958) coacluded that soume

two Torms in CoOm-

1the



bDination frequently result in improved growth over either form
separavely,
(i1} Staze of develcgopment: Intense H assimilaticn is typical of
voung clants in zeneral (HeXee, 1362). BSeveral workers have
estanliched for a variety of spocies, lncluding cersals, that
whers joj aid ETQ were both available, Eﬂq sbtsorption wvas greatar
during the eavly stages of developmen: st oa later stage, the
relative absorption rates were rov zd and ﬁCB uptake predominated
{Btreet and Sheat, 1958), Thesse authors suggested that the ﬁOj
reducing systen develops only during or following gerainaticn.
{(iii) Carbohydrate status: .issimil onn of edither o Torm inveolves
vhe vtilization of carbohydrates as the source of energy fox L0,
-~
reduction, Tor the reductive amination of either M Tora, 2xnd 1o
provide the carbon skelstons for amino-scid synmthesis (I, 3, 2,
{¢) . TUander condizions of rapid ¥ assimilation in *he dark, carbo-
nydrates are markedly depleted, but im light this condition may be
mors or less valanced by vphotvogyathesis (Mciee, 19627,
Teasler {1964) has reviewed the possivle viochemical relsition-
ships between photosynthesis and #0, roduction, sApparently 10, and
- J
CO, compete For the photochemically produced hydrogen donors. Such
2 effect hasg been shown to be direct jn vitwg. Vhere .0, assiml-
z
iation was occurring in green tissues it led to a decreased rate
of 01? incorporation at low lght dinteusities., However, a2t light
saturation, where enzyme capacity was limiting the rate of (0O
lnetion, addition of 0, sitimulated photosyntheslis, possibly by
providing oxidised forms of the hydrogen dencis. The relationshis



3]
[A]

detween HU., assimilation and vhotosynthesis in vivo is probabvly
3 5 L VIVO I

less direct, in view of the evidence for a considerable reduction
of 10, ia plant roobs (1T, 3, 2, (e¢) ). Zmple production of
-~

corbonydrates may favour EC, sssimilation by providing the

L

necessary substrate {loc.cit.), lberda (1961) found thet defolia-

tion of perennial ryegrass clones was followed Dy marited decrease
in water.soluble carbohydrate, and a temporary iluncrease in the
inorganic &0, content of the tissues. This effect was more notice-
oliation coincided with an increased U0 supply, as

=]
-/

o
GJ
l_.l
@
2
ny
@
k3
oy
0}
AW

opposed to defoliation a week before or after the increase in I
supply. e concluded that increasing the # supply Yo iantact ryegrass
plaats generally led to aa increase in ¥ content and a decresse in
carvonydrate content in the feliage. Tield observation by Bryant

and Ulyatt (1965) have supported this finding under F.Z. conditicns.

[

They applied high and low rates of "nitrelime" to a short-vciatioun

ryegrazs sward, 4all i fractions wre higher in the herbage at th

48]

high ¥ applicavion ratesg, and water-soluble carbohydrate content

4

differences between lreatiuents over & 2-3 wesk period was counsidered

b

the result of 2 short-lived feritilizer effect, &g WO, ssgimilaetion

necegsitates the expenditure of additional energy in its reduction
to deplete carbohydrates more severely

1iitrete ig, however, reported %o be &

suitable H source over a wide range of carbohydrate contents (Sireet
a3 S0 T T ) TTIY e . o - “ S -
and oheat, 1750). inlike uh) , U, can be accumulaied in plan
tigeues 1if conditions are not conducive to ¥ metabolism, Deficiencies

of light, carbouydrates, or certain micromutricnits are repcrfed to
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Wb

cause accumulation of HO 75 in tissues to high levels, with 20

appareny toxic effects on the plant (Spencer, 1358),

Wihile ageimilation of 0, 1s largely dewpendeant on phoic

ke

synthesis and therefore on comcurrent carbohydrate siatus, il ,
by contrast, may eZert aa effgct on carboaylira
Unlike ¥0,, 1t is ftoxic if accumulated, so must be organically incor-

porated to form useful, or at least harmless, materials (Hciee, 1262),

It naz been shown repeatedly that in the presence of adequate

respirable carbohydrete, HH, asgsimilation proceeds so rapidly that

no more then a trace of FE, is detectsble in

2t high levels

levels of I, at low light intensity have been showa {o exhaust

carvohydraite reserves wilh greater iuntensity vihen equivalent levels

of NO,. Seversl workers noted that "ammonium toxicity" symptoms
nave rezsuvlted from & continucus supply of ki 0 Wineer X

conditicns, but net during summer, =nd

A - . " —_ Ll y | - = = s -

be overcoms by incrsased lighting (loc.cit).
[ ™ B 4 - T - I R e e o | B - - e S
The carbohydrate status, hence iighting conditicas, must be

considered in assessing the relative merits of either & form,
tierefore,
{iv ) Aeration of the medis: Sitreet and Sheat (1958} concluded

w

that to maintain optimel il metabolism there 1s 2 reguirement Lo

with such species




The physiological expianation for tuls observation is not
clear, as 1t is also well documented that provision of I T’B results

opposad to culture of the sanme

£
47}

in a bhigher rate of respiration

tissues without i, or with IH, (iicilee, 1962). 4 vpossible explana—
B %

!
T
=
i
=
-

jy P e

tion, not suggested by these avthors, may be that under the experi-

o]
[N

ling when thesge observations were

mentval concditions prev

was of necessivy assimilated in the roots, while much of the #HO

]

J
was translocated prior to metzbolism in serisl tissues. The
response of Il - fed plonts (o incrsasing 02 tengion mignt then

- T
be explicable 1n terms of inereased metabolic aciivity in the reous

and an enbanced supply of energy subeirete fo: amnination and amida-

tion, etabolism of 0, in aerial tissues, Lo The contrary, may be

unaffected by increasing 0, tension abeve a ftareshold level required
for absorption.

Whatever the explanation, the observation does point fto the

1ve efficiency of

(v) pHE of the media: auy study of IE, and 110, nutri

more difficult by the prodlienm c¢f »¥ stabilisation, Owing to the

i....l
OJ

magnitude of I uptake relative fo other lons, in M0, solutions anion



roblenm involved
1ole volatile loze

. ‘
solutions (nere.

e . . P o e e - - s ) -
dewitt (1252 concluded that the opbimom pd

absorption was 6.0 - 6.5 and for Hu,, Lo - 5.0
-
rates of uptake of dH, and =0, were zbout equal at a pid near &.
;! i 3 S

This view is not acceplted ny Street and Shaad (19583, They cornclude

r
E__J
1 -

thal over The nomms

sgcecumulation within cells, was the factor
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determining the effect of pH on utilization, aand congidered the

.

orms ag atill open to question.

(o]

{

uestion of pHE optima for the Two L
Quoting from a veview of this problem by Nightingale (1948) they
mediuwm, provided thsre resul

is reduired no different

Toey consideresd that

- -3 T iy e o ! e T N - e 3 — =]
in the Tollowing section. wycklame (1363} has invesgiizated 0. znd

#i) sbgorption by peremalal rye
1

G

Ln
o
&)
LN
™
o)
[
£,

uptake at 25°C increased with increasiung pH from 4.

A

temperatures, but abzorption increased markedly betwesn pH 6.5 and



- —- . " o ' O L4 L
8.5, In the lover pi rauge, Hu, uptake at 20°C was 3 tines that

Trom solutlons at 3570, With inecresasing pi this ratio fell and

reached 1,3 at pd 5.5. dycklama explained these observations for
HE) in terms of absorvtioa of ths HH, lon below pi 6.5 with an
i i
given

flo ¢hecl fox »E, volatalizaticn was veporited and may bDe cxnected

to have occurred from the "vigorously aerated" solutions espscislly
2t the higher pi levels, The

in ferms of the affect of a 15

or

adiffere Lan the pd rengs 4.0 - 7.

aor in that of saveral other experimen
concentration wonld have iacreased g

cite). This ha

the conclusion a2t higher pd values
is mot a valid of EHh under these
i

HC, cvltures,
It is quite conceivanles vhat zeay of the studles designed to test

Tectiveness of the Two & [orms asv 4ilfl:



have been confourided with indirect, external gl effeccts.

Toniec comupogitvion of +the mediuvms Jdmmopiuxm nutriftion hag

P
=}
po—

Leen shovmr To Lower The hase content of a varievy of pnlant tissues,

of Ca end Mg (II, B, 3, (b} ). Several

experiments have shown that increaging the Ca content of Hi,

the uptale of other essentvial elementvs, the causeg for vhich are

i}

discussed later, BSecause of thig, induced deficicncies of

essentiel elements nay deftermine relative efflceiency, ratvier than

the F scurces per sSe.

(vii) Conclusions: The following zeuneral conclusions ars made:

{a) Dboth forme of ¥ are readily sbsorbed;

(b)) as 2 consequence of the differential absorption of

anions asnd cations with MO, snd HEQ respectively, the uptake of

g

other elements may be affected, sither internally oy metabolism

or externally by differences in pid at the root surface;

differ according to intermal factors including species, stage of

growtil and cerbohydrates status

=
LT

[ IR,

rie

i

{d) +that the relative efficiency of sither ion may ai

Al
]

according to external factors including pH, aeraticn, the lonic

composition of the medium and the levels of ¥ being studied, and



conditions,
The degree o vhich suvironmental conditions have been

countrolled or even reporied, varies widely with experviments, eo

that results fron differsnt studies are not agoegsarily 8

comparahle even where the s2me specles nave

(v} The @ffects of 0. and X, on Plent Yonpesition
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especially J availabnility
amides ars formed in resgponge Lo ﬁﬂ# nubri

than with eguivalen:

1vis
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evginine, espartic ecid and glutamic acid, in compariscon with

those receiving ¥, ., 3y contrast, apple trees receiving




wmuch higher asparagine content (log.gif.).

-

cvtaervation that

1]

Attention has already been drava to bths
inergenic ¥ accuwmulation frequently cccurs with EOB but rarely
with ©H;,. Besides atypical "acid plants" (1I, 3, 2,{c) ) nigh
levela of EHM have been recorded iz plant tissues (Delmas and
Routchenko, 1962; Grasmanis and Leeper, 1965). As these plants
were suffering from "ammonium toxicity" at the time of analysis,
their physiology was not normal,

Iyeklama (1963 studied the interactions smong mineral I

(¢

formes during abscrption by intact perennial ryegrass seedlings.

o > a H T
C in solutions maintained at pH

I\J

Sxperiments were conducied av
6.3, and absorption was studied over a sixby-minuie peviod,
Uptake of Hﬂ% was slightly reduced with increasing Hoj concentira—~
tion in the =2xternal medium. Hitrate uptaike from a so

equivalent concentration was progressively and merkedly inhioitsd

by imcreasing coacentration of FH, in the sclutiom. s accumulation

of BU, by plont tissues was no
-
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depressing HO, vptaie was 2zscriped o an inhibition of KOB reductiocn.

3
In a parallell experiment, the absorption and reduction ol nitrive

iH, concentration. This
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localised the iTH, effect on ¥0, assimilation %o axn inbibition of the
T
nitrate reductase reaction., The alternative sxplematicn of anergy

EJQ availability and assimilation

was not likely, as some effect on uitrite reduction end metabolisn
= 1 . ' ! - - ™ 5
would be expected. Filmer (1966) hes studied the regulation of the

einnzgyne, nitrate reductase, vwith culiursd tobacco cells. Sesgides its

induetion by HC s By 2, {cj ) it was wepressed by several amino-



acids including asparagine, aspaxiic acid en
could provide the Liochemical basis for the
eviously amides and dicarooxy

It could also

dy, in the nutrition of seedlings (IT, 3, 3,

gxplain the

W
]
L]

This
P LS C_.\.:I.CAA -...4 s
amino-acids accunm

to an inhibiticn of

(a), (ii) J.

can reach high levels in seedlings during

the mobilisavicn of stored proitein, which could lead to & repression
of nitrate reducltase activity., Both these suggestions require further
investization.

Plants

1

{ii) Carbohydratess

[#]e]

3

hydrate con those provided wi

(Street and Sheat, 1958). Rapid
deplete carbohydrate reserves,in pariicular those of

@d HO_, generally
th eouivalent

agsimilation of M,
1

higher carbo-
amounts of ﬁﬂu
vias ohserved Ho

- - hyd - - T
sugars and starch,

during sherv-tezin observations, to a gresa extent than was the case
with IO Taisg situstion is intensified by darkness or low ligint level

investigations covering 2 variety of crown

plants have shown thet plaats contimvally supplied with LM, have
lowered lignin and cellulose contents, reduced carbvohydrale regerves
and are dark green, seofv and succulent, excent in widsumner under
ideal lighting conditions (Street and Saheat, 1958). Tokimasas and
Suetomi (1258) found that £H, uptake by wheat end berley plants vas
retarded by shading or reduction orf daylength, indicating tais

Yo —
outenenke (1962) found that meize recsiving
amounts of Frese HH, in the sap al an esrly s
T
exhibited "amaoninm g

‘@ of development and



conducive To raszid ohotogynthesis vers gprovided, in which csas She
s 3

ia the o8p. <0 HEH800m

lic disturbaance was obgerved when maize planits under similar con.

NUR2XCUS observations on many snsciss,
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1363):  suger beet, poplar and Liveh (Van Tuil

in recent reviews: Thimann &nd Bommer {1950); Street and Sheat
Pl T m e b - b ' I o BN . " “ -

(15565 Durris {19$5%), end Hekee {1962), Btreet and Sheat (1958)

veported thet malice, citric and oxalic gcid conteants in particuler

e ¥0,, for a variety of species,
J

Crombie (1960), wnile agreeling with the conclusion that total organic

L

acids are higher in glants receiving ﬁoj, has provided experimental
ovidence for o varisble relatioxnshin betwsen H form gad oxalic acid
content, There wasg 2 slov vise or & slow decline i oxalic =cid

levele with b, outrition, depsnding on the speeies studied. She
concluded that malic and citric sclids in particular increassd with

.

203 autrition, The phuysiologicsl begis Tox these chssrvatlions is
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(iv) Iporzanic sald_content: The upitake snd zubseguent foliar
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content of lnorganic salis nave veen regported To ve aifszcted oy
form in a variety of studies covering a range of spseies: Leitton
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baceco {(Chouteau, 1940); maize =2nd tomate (folc ef 2l., 1961, 19862a,

AP z * T e - - g = = - - o TR 1 ~
(D4 jirshoorn, 19264); Iieiian »yegrass (Wielgen and Uunninghem, 1964

e e e TR o e e ; - - : A e 1
Cunninghem and ilardm, 1365; Cuuninghzm and Fielszen, 1265); wheat

and apple trecs (Grssmanis and Leeper, 1265); sugsr beet, poplax

- Ee - AF - st ~ R, L = i . % -
arnd viren (Van Tuil, 19€65): ‘tomato {(Kirxkby, 1968), and others.
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Plants Ffed :E) , relative to thoze recaiving -y 3
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uptake of bases and 2n increased upteke o 8, dnta-—

gonism between I, end metallic catlonsz hasg frequently been reported
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(o) Deternininy Llonic Dalance
(i) ZGemsral: Tu the formuletion of cation-anion halances in plani
tissues it nosg Leen Found satisfactory toe confine atitenticn 4o the

Cunninghan (19641} found that total Pe +al + IMn + Cu comprised only

L

1.2,. of Totel cation equivalents in tiae herbage of Ilielian rysgzrass,

and concluded that their exclusion Ffrom ioaic balszuces cavssd 1o
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for perennial ryegréss, The soil-derived metallic cations may there-

fors be calculsted 28 the sum of i + Ha + Iig +~ O3 in we., ,. Az in-

gignificant proportion of fthege metallic catlons is iavolved in mneva-

Boliem in guch 2 way that they cease to exert thelr caficnic oropaerties
in the tissus as a whole (Dijkshoorn, 1963; Hirkby, 1366). A amell
amcunt of Mg is dinvolwed in complex formation and some Ca way be
ansorbet by atructvral configuration, Jor instance,

The major non-metallic elements derived Trow soils in ionic

form sre i, ¥, 5 end €1, BSilicon was included in the calculetions
o - - { - o R . _ . .

of some earvlier worksrs (Sear, 1250). Dijlkshoorn (19872} concludad

that a saiisfactory balance was obiained vhen 351 was omitted Lfrom

calculations, even tihough apprecisgbls levels may be fouund 1in grass
[ - a3 ey pne - B PRI

horbage. wvunningham (1964s) found 2 hetter relationsghiy betwesu
uptaie of cations and anions when 5i was omitied from calculations

.

as hvdreted silicic acid (31 (OH}h} at the prevailing p¥, and that

dosz not entver the plant as anionic siliests, Silicste lons would
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36.

The calculation is generally made by tissue analysis for the content

of these elements and the expression of these results in me. %.

(iii) Ionic Balance: The metallic cations are not metabolised after

accumulation (De Wit et al., 1963). They are predominantly in their
ionic form inside the plant, although some of the divalegt cations,
particularly Ca, may be precipitated as oxalate crysta%lé or be
rendered indiffusible as counterions to uronic acids (kirkby, 1966).
As all these fractions are measurable in the compilation of the

ionic balance of tissues, total metallic cations are calculated as
exhibiting their normal ionic valence. The other major cation, NHH’
does not accumulate in tissues as a free ion during normal metabolism
(II, B, 2 (¢) )« The total cation content of plant material is
therefore equal to the sum of the metallic cations.

The bulk of NO, assimilated by grasses is metabolised into

3
organic form and ceases to exist as a free ion (Dijkshoorn, 1963).
What is present in tissues as inorgamic NO3_ contributes to the in-
organic anion content of tissues. Sulphur is similarly metabolised
to a varying degree and only inorganic SOM= contributes to the
inorganic anion content of tissues (loc. cit.). Chloride remains
almost entirely as a water-soluble anion in tissues (Johnson and
Ulrich, 1959) so that total C1~ contributes to the anion content of
tissues, Phosphorus is involved in metabolism to a varying extent
but with adequate P nutrition some 80% of total P was present in
ryegrass herbage as free orthophosphate (Dijkshoorn and Lampe, 1961).
The organic linkage involved in esterification does not affect its

ionic state at the prevailing tissue pH (Dijkshoorn, 1963) and ter-

minal;g%osphate esters still exert a single negative charge. Total
W
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Ulvich {1981) found that the pd of expressed sap from execised barley

1

5 - 0.3 after an

TOOT!

2l

H

VIE hour pericd of salt absorpilon Trom

o

= e

A

a wide variety of s2lt sclutions. Hurd {1958) recorded the »H of
d

macerated heet discs a8 5.9 0.3 after & deys of immersion in water

and salt solutions, hoth buffered at either i 6.1 or 3.5. The tissue

o of pasture grasses is reporied to be around 6.0 (De Wit gt

-

1963) and to be netween 5.0 and 6.0 irrespective of the form of ®
2

metabelised (Van Tuil, 1945). It may be conecluded therefore that

tissue pli does not vary outside fairly nerrow mergins, For small

ants, including pasturs grasses, tissue »H is slightly azcid

2

Nl
‘:‘:‘I
)
]

between 5.0 and 6.0 (Dijkshocrn, 1262; De ¥it g% al., 196

(iii) Tissue »i in relation to salt uptakes In the final analysis,

irrespeciive of *the mechanisz: of salt uvptake, sxcess cation accumu-

lavion from the medilum must be eguatzd either by an equivalent

m.

from the pleat te the wediuva or sr eandivalent upltakxe of H , Dutch
vorkere have termed thils the "apparent alkalini: f excess cation

w ey T R | P ey I I S S, o . NV PRGN ) S W
uptake" and the "apparsnt acidity of sxcess enion uptake" and assuane

a theoreiical modsl Tor cation-anion Lalsice coasideratiocns, witi an

- - el PR S o . . -
sauivelent of UH JHOC, T accompanylng an szcess of cadlons into the
vy
5 3o o1 53 = 3 - T—_‘E‘ " =3 e - ' Sy S e { Mm.. 37
tismsues and en egquivalent of & gccompanying excess snions (Van Tuil
~ L 1 o T Tem 3 +aic 57 h
1365), The theoretical 21lkali or 2cid upiake involved in excess
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¢ acid metabolism ani other plaut meiavolic processes is

covered in this rewview only ©¢ The sxtent

systems kuown in plents which will accomplish the "derk firaticn of
WL dnto 3 0 dintermedistes of the glycolytic pathway, o yield
dicarboxylic acids (figure 2). The enzyme, phosposncloyruvate
carboxykinase (I will catalyse the freely veversivle carboxyiation

of DEL to yield the dicarboxylic organic acid, cxalcoasceiic acid.

Another widespresd plant snsyme, P07 carboxylase {(II), cetalyacs
the same vsectbion., Because of thse large decrsases in frse encrsy
and the high affindty of this eazyme for iis subsirate, it consti-
tues ths most effoctive carboxyleltion systen 2t preseat kuowa
(Welker, 1962). The reaction is cousidersd o be irreversibvle,
witi 2 pH optimum of roughly 7.5 - 3.5 2v enuilibriunm PCU? concen—
tration., felic snzyue {(I11) cats

of malic acid Lo yield pyruvaie

deearboxylation of cxaloacetate to pyruvets alt an acia pid of about

5.0, which reacticon is provbably not Treversible, Socodwin (1280 and

Walker {1052) consider that the decarboxylabion of malic z2c¢id would

be favoured in fissuss, @nd thet the equilibriuvam woul

cervorylation ouly at T0, soncenirations not likely to We encouvntsred

glols and dependent cn She avallabilility ol reduced

PR S Bl Ly = ey e - L L S L o vy = A B B ~

optimun Tor the carvoxylation is reported o2 a&bout 7.0. 4ll these
- [ T - P R SIS O

QILEYVIe By Buedp aye 2T Loasy parLly iCO-ner sioule e,
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58,
total cations = 180 me,.j i

n

inorganic anions = 320 -~ 250 70 me.w

the excess of cations was equivalent to the excess internal alkali
released, 110 me.j, s tissue pH is constant, this alkalinity nust
have teen transférred to organic anions, which equate the excess of
cations., The numerical value for excess cations over inorganic
anions was in quite good agreement witih the kmown content of

90-1060 me.; of nonwvolatile organic anions in ryegrass (loc.cit.;

Ve #wit et al.,, 1963) although they were not measured in this

narticular study. The discrepancy in excess cations is almost

=y

certainly owing to The fact that Uijkshoorn overlooked the contri-
bution of uronic acids {(Van Tuil, 1965; Eirkby, 1966). The uronic
acid content of ryegrass should be in the range 10-20 me.yw (pers.

comi., J. Dunlop).

(f) Tonic Balence in Tdgsues in kelation to If form

The effect of NH#’ relative to HO,, in reducing cation content

3!‘
in herhage, especially that of the divalent cations, increasing
inorganic anion content and the associaved reduction in organic

acid content has been discussed (I, B, 3, (b), (iii) @ndé (iv) ).

o

The explanation for these observations ig very simple, Uwing to
the synergism between HOB and metallic cations end its antagonism

vith other inorganic anions during uptake from the medium, plants

receiving KO, have & larger excess of cations in their herbage,

L

assuming that conditions are normal and the bulk of ¥the accumulated

Fat

303 is metabolised., 4s shown in the previous section, excess

cationg are balanced by organic anions, go that these nlants have

a high organic anion content. The same species under identical






e

1

¢

-
[T




during UH, assimilation, could affect the carboxylation systems

as discussed in the next section., .lternstively, the large demand

for orgenic acids caused by X, assimilaticn in the roots may be
drravin from & limidted suoply of orgaaic acids, 1n coupetition with

of Italian ryegrass declined a little with iacresasing ﬂﬁk anpli-
cation to soll, ut wes guite inaependent of

A0~ . , . N .
287°C,  Jdrom the data of Lycklems (1963) for fullezrown

[

11’ 1905

)

'
nerennial ryegrass planis essiuilatiag -4, Teunerature changes over

this range would ne expected vo bring about & much more rapid

ggsimilation of . with each Tempersiture increase. This in tumm

means 2 wore intense acidification of botil mediuvm and tissues, 0
systematic variation in the ratio divelenti/monovalen® cations was

cbserved 1n relawlon to temperature, outbt the ratio decreased with

increasing #H; ot any temperature. UTherefore, undsr the conditions

of that superimeat the data support vhe contention thet i assimi-
lation was, 1in fact, in commetition with divalent cation ftransport,

tor a limited sunnly of substrate. & temperature effect would bs

-

exnected if acidification Wy i sasginmilation were the contrclling

mechanismn, Suovstrate level could have been limited oy the light-

ing conditions of the exgerinent., Hevipg established that an znitezo-

nism vetween nmetaliic cation transport and i, assimilation does
exist, the synerzism with inorganic znions may oe explained as due
i

to tite increased importauce of pairsd uptexe and transsort of

e e

Ai-
and/or to The

organic aniong Tor excess cation accumulit-

iy

redvced aveilability o



ihen plants are receiving HG,, a varisble smount of tae iU

L

absorbed may be metabolised in the roots, and tite remainder trans-

located %o The herovege as the anion, «dccumulation of 0., in

o
=

hervage 1s lesrgely related to factors impeding 1ts metaboliecum,
narticularly lov carbohyarate suppnly, woor lighting and deficiencies
of essential uicronutrients (snencer, 1958)., It is difficult to

.

zosess the relative contribution of oot iissves and serizl
to 0. assimilation, although it was concluded (II, 5, 2, (¢, )
that tihe x»oots ars an importany sive Lor the bullk of chis assini-
lation, &8 such, the synergism oetvwsen iU, and metallic cations
during untake and sccumulation may oe exnlained ia any oi the

folloving wayss

(a) There mey oe =n increased paired transport to the leaves, of
cetions with ionic U
J

{b) nitrate gssimilation in the roots may »Hrovide organic snions

for whe translocation of cations to the heroage;

(c) untake and assimilavion of ﬂuj may provide an alkaline
gnvironnment in the mediun and the root tissues, tThus
indirectly favouring the »nrovision of orgesnic enions for

the transport of nestallic cations,

Cunninghen and Jielsen (1963, 19635) have studied the mineral

comnosltion of Italien ryezrass herbsge in relsiion Lo soll temn-

srature 2ad U, aveilehility. The foliar content of catiouns vas
J
directly relaied to soil temperatur né to U availevdlivy;
J

increasing e U, availability increased a2t any soil temperature,
3

Wit goil temperature &t any level of =50, envlication

OLJ'
p—
=4
10
|_I
o0
c_!_
|—| ¥
<
®

to the soil. The content of divalent cations (Ca + iz



t0 thet of monovalent cations (Fa + K) in the herbzsge exhibited
the same relationships to soil Tempercturs and HU, avellebility.

4 dineresased assinilation of 0. over Tthis soil €

117 _‘ = =
5 mpers )
- . . . O . - ; . P
(11, 19.5 and 28 C) would ve expected Trom the results of villiams

(1962) and Lyckleme (1963). Conditions which favoured the sgsimi-
lation of HOB, therefore, also Tavoured cation uptake, especially
that of divalent cations, If the effect of increassd soil tenp-
erature were consgidered to result in an increaged metabolism of U,
in the roots (%the foliazge of all itreatments was maintained in a

uaiform environment), Then it may oe concluded that the observed

synergism between iU, and cations was the result of an incressed

3

translocation of Ca and ilg as the salts of organic emions, provided

I=iy
bty

directly or indirectly oy 110, assimilstion. Hdowever, as the effect

of higher zoil tewperatures is open to the alternative interpre-

tation of am increassd translocation of cations, esypecially Ca anx

g, 28 their (., salis out of the roots to the herbage, the
J

Tne antagonism detveen U, and other inorgsanic anions during
take may be explained oy the reduced shars of (P + 5 + C1) in
total transport canacity, in the presence of adequate U owiing

t0 The reduced importance of paired uptake of cations with inorgan-
ic aniong other Thaua ﬂUB, under such conditions.

(11i) Tigsue n# in relation to & form: Fulder (1956) renorted

that the i of macerates of root and shoot tissues from neas which

had been recelviag U, ox b, were higher wherc the plant was

petabolising 0 , The diffevences were not large, ranging hetween



0.1 and 0.3 o3 units, Xirkby (1966) reported large differencss
in the pH of tissue macerates for tomato plants., Thnose receiviag

G, had a od value of 5,060 for roots vnile the corresponding value

for hHu was 4,70, The difference shovied 2 more or less gradation
rom roots through siems and peti BT ves, wWher h alues

iy througn stems and netioles to leaves, wWiere the value
were 5.50 and 5.00. iHirkby feltv that this difference could in part

i |

explain the reduced orgaric snion content of i, tissues &nd

o
i
1G]

related reduction in cstion content in relstion to w0 as higher

33

1 values favour the dark fixation of CU, and synihesis of orgénic

'S

- - b ; 1 SN
acids (II, 3, &, (4), (i) ).
This conclusion is not necessarily correct., It is now

ged to Y"tissue

O

Inovn wuether the carboxylation enzynes &re exn
acidity" as measured by the »i of macerates., In fact it i3 known
thet a considerable proportion of the more ilmportant organic acids
in plants are isolated from metavelic turnover pools, presumably
stored in the vacuole (iacilennan, 1963). Furthermore, tissue o]

-

is considered to we effectively bulffered against change duriang =0,
-

S

end i, absorption (Je Wit et al., 1963; Dijkshoorn, 196

Tuil, 1965). In field studies on the growth of brocolli receiving

-+

i differences in

N

0, end H; fertilizers, sheart (1966) Tfound no
the tissue nmacerates receiving either & form. There were largser
measuravle differences within I form petween plantiags, than
between 4 Torme within nlentings,

The content of total ? was higher in &ll plant parts, sXcept

roots, of the tomstoes receiving ﬁﬁh in the study oif HLirkby. Ire-

sumably, therefore, the buffering cagacilty wes also aigher (II, 3,

fue

&, (C), (i) )}, fnat lower nd values vere found in stems, netioles



(0%
s

ad leaves would suggest That frse adds had accumulated in these
tissues and considerayion must De given To the guestion of

vinether metabolism i theze tigsues vas normal.

(iv) “xternsl pi in rvelation to I form: It has been noted nre-

viously that 50, nutrition results in the unteke of a lerge excess
of anions and & resuliant inecrease in the pid of the mediunm, vhile
the reverse is the case with IH, (IT, B, 3, (a) (v) ). This raises
the possibility of an interaction between H form, external pil znd
lon uptake and accumulation,

Jeveral experiments have shcwn that when isolated tissues
are neld in glkeline media, in relavion to the same tissues held
in acidic medis, the upitake of inorganic cations 1s increased,
accumulagtion of inorganic anions depressed, and that the excess
cation accumulation is balanced by the synthesis of an eguivalent
amount of organic snions in the tissues (Jacobson and Crdin, 1954,
furd, 1958: Juaaegp ~dh, 1%960: Sutcliffe, 1962; angd others)., The
argument as to vhether this "ph affect on cation upteke! is
result of HCOB" accumulation ger se and subsecuent organic anion

synthesis (Hurd, 1958; Sutcli:

fe,1962) or the result of 2 shift

=iy

in the ecuiliorium in fevour of organic acid formation end dis-
sociation (fundegardlh, 1960} is academic and cannct De wroven by

experiment (idller, 1960). Bhaa et 2l1.,, (1360) coucluded that the

M

commonly observed yeduced uptake of cations by plants receiving
iz could be largely the result of low pai rather than .if . They
“F
grew goyabeansg for two weeks in soluvion culture with 10, and o, ,
=r

and maintained two series of solutions &t acld and zlkaline pH

velues. The me, sum of (L + Ca + lig) was depressed by i, in re-
T



66,

lation to ﬁOB at acid pd vealues, This was a true antazonism as

vield also fell, ZHowever, where HC(O, salts were supplied to the

Lo

culture solutions to give a pid of 6.5 in the media, the me. suim
of cations was the same for The leaves from both & forns. The
yield of the hH4 plants at pid 6.5 was less than nalf that of the
HO, plants, so that opart of the increase in cations may h&ve been

related lto a coucentration effect resulting from the yield de-

crease. J1t is interesting to counvert their data to the ratio, me.

divalent cations/me. monovalent cations, and consider then in

relation to pH and  form, Irrespective of X form the ratic was
higher &t pH 8.5 than at pH 5 to 6. Foxr £Hy,, the increase vas
from 0.74% at acid ni to 2,8 in the alkaline medium, =2lmost all
accounted for by a decline in K coatent and a fourfold iacrease

in Ca content. If this were a true "pE

"‘s}

ffect on cation uptake”

involving accumulation of organic anions and an equivalent of cations,

it gives an independent verification of the suggesiion made pre-
viously that the transvort and accunulation of divalent cations
could be more dewnendent on the novement of organic anions than

on the &ccumulation of inorganic anions. This experimential obser-
vation must be weighed agalust tiae characteristics generally
observad in the leaves of plants suffering from lime-induced

chlorosis (see Bear, 1960):

a, & nigh la + X/Us + iz ratio;

[Io

|

b. & nign orgenic acid content.
This physiological disease is czused by 2 natural or lime-

induced alkaline soil reaction., The general observations suggest

LS

that an alksline soil environment, relative to an acid soil, causes

an excess of accumulation of cations balanced by organic anions, but



6"70

that the uptake of wmonovalent cations rather than Ca and g, is
enhanced.

Unfortunately, 1little is kmown of the pi cheracteristics
in the immediate environment of the oot during differential ion

o
L

accumulation, ‘walker {(1960) has discussed the movements of cations

from the soil solution to the soil colloidal complex, resultiag in

o

n equivalent displacement of X {0 neutralize the OH”/HCOB_

released to the mediun oy the plant during excess anion accumulation.

What data are available, however, suggest that this equilibrium may

not ne establisied at The woot surrace during active lon untake, at
least not in poorly wuifered media. <xperiments cited oy wulder

(1956) and Street and Bheat (1956) established a2 steey »l gradient
ngar the root surface, sven winere the pXZ of the bulk of the medium

vag rigidly controlled. Sand cultures supplying LH, with & bulk

pH of 6.0, had a »H of 4.0 - 4.5 at the root surface, 2nd as low as
pd 2.8 - 3.0 with high levels of Gh,. dend cultures supnlying ©0.,
vith 2 bullk 5 of 4,5, had & »H at the root surface of 3.6 innde—
ggrdh (quoted fraom street and sneat, 1958) measured thne wil at the

surface of wheat roots &s 3.0, whichh wag very acid in relation to
the medivm,. Jones (1961) measured the »% at the root surface of
plents growing in fly ash of »d 8.5, =nd found it to he 6.0,
Coviously then, the »X at the root surfoce does 1ot have to ne the
same as that in the oulx solution or soil.

<11 that can oe coucluded iz %hatl ph gradicnts possibly
exist arcund the roovs of plants wiichn are actively abgorving

nutrients. Secause of tie external alkaline effsct of HGB uptake,



of experimentzl evidence For a pil affect on cation uvntake, and

agsociated organic acid accunulation this is & possible contriiu-

f“)

1.:.

ting factor to the observed reduction ol cation uptake and

(i

zssociated reduvcetion in organic anion content with EEM nutrition,

in relation to :C

]

(

) oot CEC ang Jd vetapolism

48 some of the previous cousiderations in this ssection nay
be related to current concents about root TUiC it is relsvant 1o

make some briefl observations in this section.

It has been found that E?@, relative to 1L reduces oot

3’

Cu¢ (Vander end Sites, 1956, and others) and that increasing 0

L]

availability increases root CiC (Heintzme, 1961, and others). iouat

snd Junlon {(pers.comm., 1.0.7. ioust) found that increasing HGB
availability resulted in & marked increase in the C3C of vhreat

roots, but only at very low i lsvels, 2 meximum being reached at

P
’_l
Avo!
(01
Co
e
]-

@]
=
[

g little more thanm 1% I in leaves., ‘allace et al.,
that pretreatment of excised roots from several swmecieg with I
decreased subsequsnt ia untake, relative to 303 presreatment.,

Increasing levels of :U, resulted in greater subssecuent o untake.

Bhan ef al. (1969) wvenorted that wretreatment of plents with 0

Fa

e
L

resultsd in =i znnanced accouwnuls

Zretreatnent of excised roots with HUC at alkaline »pH

[y

sreatnent,
also reaulted in sn enhanced cation accumulation (loc.cit. ). This
bicarbonate efiect has been ovserved Dy others as discussed in the

previous section,

gani

O

Soth forms of pretreatment are kaova 1o sult in or

h
G'O

-

snlon accunmulation din tissuss and the above evidence indicates that



&89,

e

preformed organic anions are imporcaat in subseguent cation
accunuliation,

If ons accepts the view that orgenic acid anions are

restrained from movement from the tissues into the medium, but
that their counter-ions &are suvject to exchange reactions with

N

cations in the external wmedium {(Burstrom, 1351, Lundeggrdh, 1960)
then some of the organic acid content of the roots may ve included
in measurements of root CuU, whether Ly isotopic exchange, or
gleclirodialysis followed by the determination of exchangeable "
in the roots,

kby (1966) found that the content of polyuronic acids

wag not sffected Dby the form of i availavle o tomalto plants, and

Eal

concluded that the »rimary siructures and cell walls of tomato

roovs were Formed guite independently of « form., The organic acid

‘I'—\

content of the roots recelving MU, was, nowever, ssven times That

H

of roots from the Li, series,

ieported variation in root CaU in relation to form and level
of  needs re-examination, therefore, in the ligit of these con-
siderations., Cunningham 2nd sielsen {1963) reported root UsU ol

- . . , TN -
iy

Italian ryegrass as independent of A Tform, -

I._l
@®
<
@®
I_.J
&
=
jh
{0

011 temp—
erature, 1t was virituvally constant at ca. 15 nme.%. They did nov

report thelr techmicue of measurement,.

() Conclusions:

Juring ion accumulation by isolaved tissuss eny excess or

deficit of cation accumulatvion i1s bdalanced Dy the gsynthesis oxr cata

R

nolism of orgenic enions, Irrespective of form, mineral & can be

(_"~.|

4

seimilated by intect plants in sguch & way that 1t is largely

‘C'J



independent of the untske of other anions and cations from

mediun, 2Plants receiving 0, absord & large excess of anions;

3
those fed EHM’ a large excess of cations, While this uptake of

7 is largely independent of the uptake of other ions, there is an

interaction between the Torm of & and the uptake of cations and
eniong from the mediuvm. Jerbage from plants receiving EOB has a

high metallic cation conitent and a lower inorganic aanlon content,
in comparison with hHa_fed tissues. DSecause the excess of cations
over inorganic anions is balanced by orgenic anions, the LUB— ad
nlants have & higher organic anioan content also. It is not cleax
vhether the greater content of cations in tissues receiving LU, is
the result of an increased psired transnort of metals as the salis

of #U,, vhilch on subseduent metabolism forms organic anions to

3

squate the excess cetions in the tissues; or vhether it is

£
5

indirect effect of #G, metabolism on the movement of organic anion

3

salts from the roots.
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5

(s} Introduction

In svudying intersctions between elements during foliar
accumulation 1t is somevimes difficult to separate "real" inter~
"gpparent' interactions (Cumningham, 1963).

latter type may arise, for instance, viaere & nubtritional treatment

c,,u

action, but simply due to growth dilution, 1 terms of the nutri-
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tional valuve of nerbage it may e of litile nmoment whethner the

redvced content of a pariicular element is the result of growth
dilution, out in any attenpt to elucidate the vhysiclogical vasis

Fal

for interactions, 1t iz essgential thnat real and apparent inter-
sgctions are senaratved., dor this reason, The use ol ratios detveen
the contents of elements has become popular, on the assumption
that any growsh diluiion ecually affTects Doth the mumerator and

lenominator of the ratio. The ratio hetween tne Tfoliar content

of total umetsls snd tolal non-metals has besrn used in studies on

sagture grasscg., Yhis hag, uaforbunately, become kaown as the

= =

"oation—enion ratio' (Cunninghen, 1964e et sgcg.) vhich is ixncorrsc
am rwch of the nineral . in herbage may eater the nlant as 2 cation
(loc.cit.). ‘The avbreviation, HA-value, will subsecuently be used

to Genote Tthe metal/mon-uetsl ratio in herbages

me.sum of (il + Ya + iz o+ Ca)
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HIWERAL CORFOSITION OF

PERENNIAL RYAGIASS HERBAGE IN RELATION

PO STAGE OF GROWTH AlD T AVAILABILITY

(from Dijkshoorn, 1958b)

[oxNIC CONCENTRATINS IN THE YIELD
PNOAMG EQUIVALENTS PER KU OF DOY
MAFTER PRODUCED. NPFBOGEN [N],
capns C (= K 4+ Na 4 Mg +
Ca) axions A (= Cl + P + 5},

TTaAL ANIONS (A L N} ANk NITRATE

(NG, PLOTTED ACAINSY FHE TIME

OF BEGROWTI
The lower graphs show the cation-
anien ratio : CAHA 4+ NL
fortilived with 140 mg N oper pol,
fortilized with 536G mz X por pot.
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charge of mineral N have been discussed (II, C). The major issues
are differences between treatments in:

(i) pH ; and

(ii) the supply of nutrients, other than mineral nitrogen.

It was concluded that these variables cannot be completely elimin-
ated, as they are an integral part of a study of this nature, In
the following experiments the writer endeavoured to minimise, as

far as possible, any effects which could arise from these confounded

features.

(b) Experiment I
Analytical data for the soil used have been given (III, 3).
It had a high organic matter content, low C/N ratio and a pH of
6.3 Under the experimental conditions of temperature, moisture
and aeration a comparatively rapid mineralization of organic N was
expected., In this experiment, reliance was placed on the natural
processes of mineralization and subsequent nitrification of
released NH4 to NO

to provide the NO, treatment., In the NH4

3’ 3
treatment "N-Serve” was added to prevent the biological oxidation
of released ammonium nitrogen (II, C, 2, (b) ).

"N-Serve"™ was added to the soil at 10 ppm. (w/w for the
soil and perlite mixture)} in the NH4 treatment, It was dissolved
in acetone and applied with an atomiser to the moigtened soil in a
clean concrete mixer, A control amount of acetone only was simi-
larly applied to the soil of the N03 treatment, Bulk soils, after
thorough mixing, were held in airtight containers until potting
and planting the next day,

The foregoing experiment may be considered as representative
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of field conditions covering a wide range in the activity of
nitrifying organisms. At best, the N forms can only be described
as "predominantly NOBH and "predominantly NH,". During the
release of organic N, an unknown amount could be taken up as NI, ,
prior to its oxidation, by plants of the NO3 series, oimilarly,
it cannot be said with certainty that over the experimental period
(78 days) nitrification was completely inhibited by the addition of
"N-Serve" in the NH4 gseries, However, by conducting two further
experiments of a similar nature, the writer envisaged an indirect
measure of the effectiveness of the N treatments, by comparison of
the pattern of results obtained among the experiments as a whole,
The so0il used had a comparatively high CEC and was considered
likely to provide effective buffering against pH shift in the
external medium. As no mineral N was added, this experiment was
not complicated by the inclusion of accompanying anions and cations,

which must inevitably be added with NH4 and NO, respectively. It

3
was felt that the confounded influences listed at the beginning of
this section had been minimised,

(c) Experiment II

In contrast to the previous experiment mineral N was supplied

to the soil as HH4 and NO, salts., This allowed plants to be

3
established in pots prior to the imposition of N treatments. Herbage
was cut and discarded several times to induce a low N status both in
the soils and the plants, to lessen the significance of any contri-

bution to mineral N from mineralisation of organic matter, over the

experimental period.
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When treatments were imposed, plants of the 1\TO3 series
received a dressing of Ca (NOB)Z’ equivalent to 3 cwt/3"™ ac, for
the in situ soil (180 mg. N/pot). The NH, series received an
equivalent amount of N as (NHu)zsou. Fertilizers were dissolved
in water prior to application. "N-Serve" was dissolved in acetone
and added to the (NH,),50, solution to give 10 ppm. by weight of
the potted soil mix or 7.8% by weight of added fertilizer H. It
was found that addition of a small quantity of a commercial wetting
agent facilitated the dispersion of "N-.Serve", for at this high
concentration its maximum solubility in water was greatly exceeded,
Control amounts of acetone and wetting agent were included in the

Ca (NO solution. These solutions were injected into the plastic

3)2
pots using an automatic hypodermic syringe., With a 1" needle, 5 ml.
portions were injected into the soil through the mid-point of each
of the 4 sides of every pot. Besides placing the fertilizers right
into the root zone, this technique prevented loss of the added "N-
Serve" by volatéiisation. Solutions were applied on 15 August 1964
and again on 2% September, Eight control pots received identical
experimental treatments, but contained no plants, Mineral N analyses
vere to be done on these soils at the end of the experiment to
obtain a picture of the N regime, as & measure of the effectiveness
of the experimental technique,

As in experiment I, the natural buffering capacity of the
g80il used was relied on to minimise any movement in external pH.

The use of fertilizers raised the problem of selecting a
suitable cation and anion to accompany NO3 and NHu respectively.

For the NO., treatment, Ca(N03)2 was the logical choice. Foliar

3
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Ca content in ryegrass is less subject to change with changes in
eXxternal concentration, than is the content of any other major
metallic cation {II, C, 1, (¢) ). Further, Ca comprised almost
80% of TEB in this soil and its addition would have resulted in a
much smaller proportionate change in external concentration than
would have been the case with addition of any of the alternative
accompanying cations. In the NH, series, (NH4)2804 was used., The
sluggish participation of the sulphate ion in uptake and metabolism
by ryegrass has been reviewed (II, B, 5, {(e) and II, C, 1, (c) ).
No serious interaction with soil chemical or biological processes
could be foreseen for (NHM)ESOM’ egpecially as nitrification was to
be inhibited. The heavy application of superphosphate used (II, 3)
reduced the proportional difference in S5 availability between the
two treatments. MNo subsequent leaching occurred during the experi-
ment so that 5 status should have been high in all cases.

(d) Solution Culture: Experiment III

This technique was used in a final experiment because it
offered several advantages over the two previous experiments, It
allowed the provision of I wholly in either form and in combination.
The absence of colloidal properties in the medium meant that when
the two forms were applied at equal rates, they were equally
available. "N.Serve" could also be included in all treatments,
whereas previously 1t had been confounded with NH4°

The formulation of culture solutions to supply NO3 and HHM
has been discussed and criticised {(II, C, 3)}. It was concluded
that variation in sulphate content among treatments was more

desirable than the numerous alternatives, as facilities for con-
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The following formulae were used (all concentrations in

me./1.).

NO3 P04 304 Cl | Total NOB PO4 304 Gl | Total
- 0,9 0.9
s +0.2 200 301 K +0'2 200 301
Na - Ha -
Ca 3.0 3.0 Ca 3.0 3,0
Mg | 2.0 2.0 Mg 2.0 2.0
NH - NH 5.0 5.0
L 1.8 Lo o 1.8 Lo

+0,1 * +0,1 ®

Totall 5.0} 3.01 2.0 - 130,0 Total - 3.01 12.0 -115.0

Osmotic pressure, ca,0.28 atmos.

Osmotic pressure, ca.0,39 atmos.

HH)NO =1
¥ P >
}03 04 b04 Cl {Total
0.9
K +0.2 2.0 3.1
Na -
Ca 300 3-0
Mg 2.0 2.0
NH4 2.5 2.5
1.8
H 0.1 1.9
—
Total] 2.51 3.0 | 7.0 - 112.5

Osmotic pressure, ca.0.34 atmos.

Micronutrients
Boron 0.5 ppm, &s
Manganese 0.5 ppm. &as
Zinc 0.05 ppm. &s
Copper 0,02 ppm. as
Molybdenum 0.02 ppm. as
Perric iron 5.0 ppn.

i _Serve

1t

H_BO
M{ic:Lg. 4,0
Cus0, ., 5H-0

Nallo 64 o2 20

0.5 ppm. on alternate days
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All macronutrient salts, except CaSOa, were prepared as single
salt, stock solutions of high concentration. All mic¢ronutrients,
except iron which was prepared separately, were compounded into a
single stock solution. Stock solutions were stored in amber glass
winchesters, with a few drops of toluene added to each, There was
no indication of any microbial growth in these storage containers.
Separate siphons and mea&asuring c¢ylinders were used for each salt
solution during preparation of culture solutions. DBecause of the
low solubility of CaSOu, there was little point in its preparation
as a stock solution.

Plate 1 shows the shaker, designed and built by the author,
to facilitate the preparation of culture solutions. The required
amounts of 03804.2H20 and "N-Serve'" were added to 20 1. of water in
25 1. aspirators, containing a few pebbles. With a continual
rocking action provided by the shaker, these chemicals dissolved
overnight., This was considered preferable to the alternative
addition of Ca(OH)2 and H,S0, to water. After addition of the
other nutrient salts to these solutions the aspirators were returned
to the shaker for thorough mixing prior to application.

L.R. grade chemicals were used in the preparation of gstock
solutions of the macronutrients, The micronutrient solution was
prepared from A.R. chemicals, except that the iron source was a
commerical iron chelate containing 5% iron, all in the ferric form.
All solutions, including the diluted culture solutions, were pre-
pared with distilled water. The final pH of the dilute solutions

was 6.2,

o satisfactory equipment for the aeration of culture
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PLATE 1 THE SHAKER USED IN

THE PREPARATION OF CULTURE SOLUTIOHS
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solutions was available, It was therefore decided to use a '"sand"
culture technique with vermiculite as the supporting medium. Solu-
tions were applied daily at 1 1,/plant,

In selecting this "three-salt" solution (Hewitt, 1952) the
following points were considered. Chloride was omitted as high C1
levels are not normally encountered in the field. Its inclusion
in the minor elements and as an impurity in the L.R. grade macro-
nutrients would have provided adequately for its participation in
physiological processes. There appeared no more justification for
the inclusion of séﬁum than for that of any other non-essential
element. To compeﬁééfé for its exclusion, a comparatively high
K/Ca ratio was used (loc.cit.). Phosphate was used at a high level
in all solutions. The mono- and dibasic potassium phosphates
emplcyed as the phosphate source imparted scme slight buffering
capacity to these media. Osmotic pressures were well below the
limit of 1.0 atmos., above which it has been suggested that osmotic
effects may interfere (loc.cit.).

Por all treatments the concentration of every element, cther
than 3, was kept constant, Depletion of the external solution had
to be considered. There was sufficient distilled water to supply
prepared solutions at the rate of 1 1,/pot daily. Prom previous
work, the author was able to calculate the probable daily uptake
for each major element. At the lowest S concentration (NOB_N) it
was estimated that 3-5% of the S provided would be utilized. Data
for ryegrass grown in sclution culture, presented by De Wit et al.,
(1963), showed a maximum increase of 20% in foliar S content corres-

ponding to a ninefold increase in external 804 concentration, It

was considered that depletion should not have markedly affected S
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uptake at the lowest concentration selected (2 me./1.). As the
concentration of other dlements was constant among treatments the
question of depletion was less important. If there were large
differences between treatments in the uptake of any elements, then
any limitation to absorption caused by such depletion would simply
mitigate against the experimental findings. I+ would not result in
qualitatively false conclusions unless uptake were so depressed as
to cause &ficiency and abnormal metabolism. The only element for
vwhich such a situation has been reported is Ca during NH& abgorpt-
jon (II, B, 3, {v) ). Data were not available to show at what
point external concentration ceased to limit uptake by ryegrass.
Por this reason levels were chosen which would supply all elements
at rates far in excess of estimated daily requirements; thus, for
example, Ca was provided af a concentration such that estimated
uptake would have been about 2.5% of the Ca available.

Ag the aim of this experiment was to obtain information on
the plant physiological responses to different ¥ forms it was:
egsential to avoid any interfering effect arising from a limited
supply of any nutrient. Under the conditions of the experiment

all nutrients were supplied at luxury levels,

5 PLANTING
The arrangement of genotypes within and among experiments
has been discussed (III, 1).

{a) Bxperiments I and II

For both soil experiments, "Ace" 5" plastic pots were used.

Filled to about 0.5 cm. from the top, their capaecity was 1.3 1.
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(0,87 Xg, of the soil/perlite mixture on an oven dry basis).
Because of the similarity between these experiments, they are
considered together,

Prior to filling, a splayed, glass wool wick ﬁas inserted
in the drainage hole at the bottom of each pot. DPots were then
filled with soil which was shaken down firmly.

Plants were remcved from the flats (III, 2) and the tops and
roots were washed thoroughly and trimmed. They were immediately
planted singly intc the potted soils. Care was taken to ensure
uniformity in tiller number and size of plants, as far as was
reasonably possible,

After planting, about 0.5 cm, of coarse, washed sand was
layered on to the surface of each pot to prevent soil contamination
of foliage.

{(b) Experiment III

Iiver tins of 4.5 1. capacity were used. These were bitumin-
ised on the inner surface with drainage provided by holes at the
bottom. Vermiculite was pressed firmly into the tins over a 1"
layer of gravel, tec ensure free drainage.

By this stage, the originally propagated plants had been
maintained in the flats for 10 months, They lacked vigour and were
not very uniform, Rather than use them,plants were taken from
experiment II which had concluded. Because of the possibility of
pretreatment effects on subsequent N metabolism (Lycklama, 1963)
material from only one H form treatment was used, DBach of the 10
ryegrass and sweet vernal plants was broken into three fairly uni-
form parts of about 20 tillers, After thorough washing, roots and

tops were trimmed, These clonal subdivisions were planted singly
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into the vermiculite., A surface layer of about 1 cm. of coarse,
vashed sand followed by 2 cm. of pea metal was added after planting,
to prevent the vermiculite from floating when solutions were applied.

Fresh vermiculite normally confers an alkaline reaction on
water, but the free bases involved are readily removed by leaching
with water (pers.comm., C. V. Pife), Accordingly pots were leached
soon after planting and were then maintained under an electronic
leaf for three weeks. BHvery pot received a common maintenance
dressing of 50 ml. of EHLPHO3 nutrient solution every second day.

When removed to the glasshouse the plants were growing vigorously.
Both species were tillering, ryegrass more prolifically than sweet
vernal, which produced a comnsiderable regrowth from cut stems.

An attempt was made to establish uniform microbial populations
in all pots to remove the risk of any effects which could arise from
qualitative differences in micropopulations (Humphreys Jones and
Waid, 1963)., Leachate (100 ml,) was collected from each of the 60
containers., ©Several fresh soil cores from pasture sites were blended
with water and added to the bulked leachate. The whole was thorough-
ly mixed and made up to 60 1., "N-Serve" was added at 5 ppm. in
solution. The inoculum was then applied at the rate of 1 1./pot o

all pots, prior to the start of the experimental treatments,

6 CONDUCT OF ELPERIMENTS

(a) Diary

The following is a calendar of significant dates for the

three experiments,
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Time {days)

fotal from lagt cut

Ixperiment I

6/3/64 treatments started 0 0
20/3/64 first cut discarded 14 14
12/4/64 second cut harvested 37 23
27/4 /64 third cut harvested 52 15
23/5/64 fourth cut harvested 78 26
Experiment IT
15/8/64 treatments started 0 0
29/8/64 first cut discarded 14 14
22/9/64 second cut harvested 38 24
31/10/64 third cut harvested 77 39
Experiment IIT
1/12/64 treatments started 0 0
15/12/64 first cut discarded 14 14
6/1/65 second cut harvested 36 22
14/1/65 third cut harvested Lly 8

(b) Experiments I and II

Because of their similarity, they are again considered
together., Plate 2 shows experiment II in progress.

A sand bench was used for sub-irrigation in both soil
experiments, Washed river sand, 2" deep, was placed over sheet
plastic to form a level bed. Tap water was applied daily to the
sand bench through a rubber hose, into whickh had been inserted
hypodermic needles of standard gauge, to give a slow, even distri-

bution of water. Water application varied with conditions., The
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sand bed was kept moist, but below saturation. Contact between
the sand and potted soil was facilitated by the presence of a
glass wool wick inserted in each drainage hole,

Pots were placed on the sand bench in blocks and moved
every day. The pattern of movement was designed to minimise any
lack of uniformity in the environment, both along and across the
bench. Water application was arranged for water to move directly
to each pot. Blocks were rotated systematically so that any pod
was always placed in a position vacated by one of the same treat-
ment. In this way, movement of mineral nitrogen between N03 and
NH, pots was precluded and the repopulation of "N-Serve" treated
goils with nitrifiers minimised, Watering arrangements and the
pattern of rotation of blocks are illustrated in plate 3 and
figure 4,

I+t was realised that the continual upward novement of
moisture with this irrigation technique would result in the accumu-
lation of mobile salts at the soll surface. To overcome this, tap
water was judiciously applied to the surface of the potted soils,
It was found thaet 50 ml./pot could be applied every two days with-~
out any apparent leaching. Water was applied less frequently when
conditions were cool, and always after the sand bed had been irri-
gated, to reduce the likelihood of moisture movement from the pots
into the sand. Control pots were divided into two series, one
receiving this treatment, the other not. Hesults are reported on
differences in the vertical distribution of mineral N between these
two sub-treatments.

oprays were applied periodically throughout these experi-
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ments. 4s a preventive measure against rust, "Maneb" was applied
a day or two after each defoliation and only a trace of rust was
noticed. The intermittent appearance of insect pests necessitated
the use of nicotine sulphate as a successiul eradicant,

Vo attempt was made to control lighting conditions. How-
ever, heating was supplied during cold periods encountered in the
later stages of experiment I and during experiment II. 4n electric
heater, with a fan which circulated warmed air, was centrally
placed in the glasshouse. It was thermostatically controlled at
60°F, but frequently did not maintain this temperature. On sunay
days, the problem was to keep temperatures down. 4s much venti-
lation as possible was provided, and the glasshouse was hosed inside

two or three times during the hoitter period of the day,

(¢) Ixperiment III

Formulation and preparation of the culture solutions has
been discussed (III, 4, (d) ). 4 limit to the volume of solution
which could be applied to each plant was imposed by the supply of
distilled water available.

Vermiculite had been packed Tirmly into the tins to give a
slow and even perceclation of added nuitrieant solutions. One 1. of
the relevant solution was poured rapidly on to the top of each
pot every moruning. The surface layer of sand and pea metal above
the vermiculite acted as a "reservoir" during the slower movement
of the added solutions through the medium. After overnight drain-
age, unplanted tins contained an average 880 ml., of solution;
most of the solution remaining from the previous day should there-

fore have been displaced on addition of the 1,000 ml, of fresh



solution every morning.

Plates 4 and 5 show aspects of this experiment. The first
photograph was taken shortly after the plants had been defeliated.
Pots in the foreground are standing on plastic buckets which were
used to collect displaced solutions. These leachates were analysed
immediately after collection, in an adjoining laboratory.
Measurements were made on pH, and tests conducted for any nitrifi-
cation in the HH@ solutions. The same experiment, immediately
prior to harvest, is shown in the second photograph.

Pots were arranged in blocks along a corrugated iron bench,
Ag in the other experiments, pots were systematically mocved daily
to reduce any possible envirommental effects. BSlocks were rotated
along, and treatments within blocks across, the bench, The spray-
ing procedure was the same as that described for the two soil
gxperiments.

High glasshouse itemperatures were encountered during the
experimental period (1 December 1964 - 14 January 1965). 4s much
ventilation as possible vas provided and the interior of the

glasshouse was hosed two or three times on every bright day.

7 STATIC CULTURE EXPERIMENT

A static culture experiment was attempted following the
conclusion of experiment IL, but prior to the start of experiment
IIT, The technique is reported in some detail because it embraced
an original method to overcome confounding the effects of ¥ form
with pH shifts in the external medium, during static culture

experiments. To avoid any confusion with the three experiments
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which were concluded, this experiment is considered separately.
It must be stated quite clearly that no analytical results of
herbage arcse from this experiment, which had to be abandoned
owing to circumstances beyond the author's conirol,

The composition of nutrient solutions was the same as that
described for experiment III, except that "N.Serve" was added at
1 ppm. when the solutions were prepared. Hewitt (1952) records
the extensive use of tap water to prepare culture solutions in a
variety of studies. 4n adequate supply of distilled water was not
available at that stage and tap water was used in the preparation
of these solutions. 4s the study concerned major elements and any
salts in the tap wvater were common to all treatments, no seriocus
objection to its use was visualised,

The experiment was conducted using 10 1. plastic buckets
bituminised on the inner surface, each containing 9 1., of solution.
Ryegrass and sweet vernal cloness were "planted" singly through a
hole of about 1" diameter in the centre of each of the inverted
piastic lids and secured with non-absorbent cotton wool. Roots
were completely immersed in the solutions. The experimental
design was the same as that described for the other experiments,
and containers were moved systematically to minimise any possible
environmental variation., Continuous aeration was supplied by a
pump which delivered & constant head of air to a pressure ftubing
supply line, This was tapped for each container by insertion of
a hypodermic needle into the supply hose, Air was piped 1o esach
bucket through a standardised capillary tube and a stream of fine

bubbles was obtained with a fish bowl aerator located at the bottom



of each container.
Plates 6 and 7 show aspects of this experiment. In plate
6 one plant has been removed and placed temporarily over an
empty container. Hlectrodes from the portable pH meter have been
inserted into the solution prior to titration. The apparatus for
titration is located, with the pH meter, on a trolley., ZPlate 7
shows an established ryegrass plant. Growth was vigorous and
healthy. ZIZxposed to view is one of the fish vowl aerators.
Culture solutions were prepared with an original pH of 6.4
(found by experiment). Hguivalent amounts of HNO, or ¥H,OH were

added to bring the pi of NO, solutions to 6.0 and NHﬁ solutions to

3
pH 7.0. The external alkaline effect in the NOB series should have
resulted in a pH movement from the initial 6.0 up to 7.0, when it
was proposed to titrate the solutions back to 6.0 with HN03° Con-
versely, with NH@’ the external aecidic effect should have lowered
the pH from its initial 7.0 to 6.0, at which point it would have
been titrated back to 7.0 using NHQOH. In this way, pH shift was
to be confined to the limits 6.0 - 7.0 in both treatments,

This technique had previously been used by the author for
an experiment with perennial ryegras, prior to commencement of the
present study. It was found that very similar amounts of H}IO3 and
HH40H were required to maintain pH within these limits., The

following data are the mean of two replicates for observations

made over a 16 day period:

MO, X ITH, _
HO- H, i
0.27 me, Hﬂoj/day/i. 0.30 me. ﬂHaoH/day/l.

It was proposed to completely replace the 9 1. of culture solution
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PLATE 6 TITRATION OF SOLUTIONS
IN THE STATIC CULTURE BXPERIMENT

g

-

PLATE 7 A _ESTABLISHED RYEGRASS PLANT




every ninth day. Based on the above figures the difference in H
addition between treatments would have been only 2 0.14 me. N/1,
over 9 days, or I 2.8% of the 5 me. N/1l. originally added. The

use of HNO. and NHaOH for titration would have decreased the extent

3
of ¥ depletion and overcome the problem of introducing other ele-
ments, as has been the frequent case where Ga(OH)2 has been used
to titrate WH, solutions (1T, C, 3, (a) ).

A large volume of solution with some buffering capacity was
provided for each plant, which should have resulted in a compara-
tively slow pH movement. The unpublished study cited previously
had shown that with only 1 1. of solution/plant, pH in the NH,,
series could move from 7.0 to 3.0 in two days even when nitrifica-
tion was prevented. Solutions were made to volume daily, priox tp
pH determinations. IHeasurements of pH were made at least once
every day. Records were to have been kept on water usage and the
amount of N added by titration, for each container,

Instead of the anticipated increase or decline in solution
pH with I‘IO3 and NH# respectively, it was found that the pH of all
solutions increased slowly, reaching an equilibrium after aboutl
three days. The pH of the ﬂOB solutvions rose from the initial 6,0
to approximately 7.0; NH, solutions from 7.0 %o ca. 7.8.

At first it was considered that the culture solutions were
being contaminated by enfry of atmospheric ammonia in the air stream
employed to aerate the solutions; 4a possible source of such con-
tamination lay in the urea which was being applied daily as a

foliar spray in an adjacent glasshouse, However, the same results

were observed when a sulpburic acid "scrubber" was placed in series
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with the air supply line.

That the pH of solutions reached an equilibrium after about
three days of aeration suggested some sort of chemical equilibrium,
The next step, therefore, was to conduct the experiment in the
presence or absence of a number of variables which may have been
responsible for the observed effects, including:

(i} Plants ;

(ii) the bituminous paint used on the inner surface of containers;
and

(iii) the fish bowl aerators, which were made of porous ceramic
material,

Irrespective of the sub-treatment the same results were observed in

this experiment: all sclutions became alkaline in relation to their

initial pH, over a period of approximately three days., This

caused a change in attitude, from considering the possibility of a

gain in alkali by the sclutions to considering a possible loss of

gcidity from the solubtions. It was considered that if the tap water

contained appreciable levels of carbonate/bicarbonate, the obser-

vations could have resulted from the establishment of an equilibr-

ium between these ions and atmospheric 002. Sclutions were pre-

pared with tap water and distilled water, their initial pH being

6,9 and 5.8, respectively. Air was vigorously bubbled through

500 ml, portions of each solution overnight, resulting in an increase

in the pH of the sclutions prepared from tap waber, to 8,0. There

was virtually no change in the pH of solutions prepared with

distilled water, It was concluded that the observed interference

with the experimental technique was, in fact, the result of equili-
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bration between the HCO3 ion in the solutions prepared from
tap vwater and atmospheric GOZ‘ oubsequent investigation of the
Massey University water supply confirmed that it did have a high
carbonate/bicarbonate content.

Sufficient distilled water was obtained to conduct the
experiment as originally designed, in duplicate., The anticipated
results were confirmed over a period of 7 days, after which the
observations had to be discontinued vecause of mechanical failure
of the pump supplying air to the solutions. Vhen sufficient
distilled water became available to conduect a fully replicated
solution culture experiment there was no satisfactory equipment
available for the aeration of culture solutions, This technigue
was abandoned therefore and a "sand" culture method used for

experiment III (III, &4, (a) ).

8 PRIPARATION OF MATERIALS BOR ANALYSES

{(a) Plant Material

(i) Harvesting: 411 harvesting was done in the evening. Experi-

ments were cut by blocks, rather than treatments, to avoid any
systematic errors. DPlants were always cut to a height of about 1",
This left more green material in the sweet vernal stubble than was
left on the ryegrass plants.

A1l plants were trimmed prior to initiation of treatments
in each experiment. After 14 days, the regrowth was cut and dis-
carded, to reduce any pretreatment effects. When plants reached
an approximate grazing height they were harvested. The material

was placed immediately into a forced-air drying oven, where it was
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neld at 70°C for 16 hours, It was then weighed and placed into

plastic bags.

Two or three harvests were taken during the course of each

experiment (III, 6, (a) ).

(ii) ©Preparation of samples: The dried material from all cuts

of each plant within each experiment was bulked and ground in a
Cagella Seed Mill over a No. 28 sieve (.021%"}. Ground material
was passed three times through a 2 mm., sieve, and thoroughly

mixed, It was allowed to edquilibrate with atmospheric moisture

before storage in glass bottles.

(b) Soil Samples

Control pots were taken directly from the glasshouse 10 the
laboratory for mineral I analyses,

Ag information was desired not only on the amount and form
of mineral N, but also on its vertical distribution, the pots were
partitioned into arbitary "horizons", and determinations carried
out separately on each. Indentations on the side of the pots pro-
vided convenient divisions. So0il from each horizon was mizxed
thoroughly by sieving and quartering; sub-samples were then taken
for N and moisture determinations. Samples were analysed immediate-
ly after preparation.

The arbitary division of pots into "horizons" is illustrated
in figure 5, which also gives weight and volume determinations.
With this data, mineral N content could be calculated on both a

ppm. ¥ and mg. ¥/horizoa basis.
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THE ARBITARY DIVISION OF CCETRCI, POTS

IET0 M"HCRIZOES" FOR SOIL EINKRAL
NITROGEN ANALYSES

B horizon
C horizon
\outlet for
drainage
Depth Volume Soil Content
Herizon
orLEen (e ) [rotal {c.c.) |Proportion (#) (g.)
A 2.5 380 29 250
B LeO 530 L0 350
C .8 115 31 27l
Total 11,3 1325 100 87hL

(mezn values for determination on 3 pots)



9 CHErIICAL ANALYSES

(a) General

All 140 herbage samples were analysed for K, Na, Mg, Ca,
total N, total P, total S and Cl, AHeference plant material, with
analytical results from both Hukashia and Grasslands Division, was
used to check the analytical methods adopted. Duplicate determin-
ations were carried out. Where results exceeded a tolerance of -
%, a further two analyses were done. 411 results were expressed

as me, 5% Tor the total content of elements, on an oven dry basis.

(b) Plant Material

(i) ZPotagsium and Sodium were determined by flame photometry.
(ii) Calcium and Magnesium were determined by atomic absorption.

(iii) Total Hitrogen and Total Phosphorus were determined by the

method of Cavell (1954) which allowed estimation of both elements
on aliguots of the same Xjeldahl digest. 4 0,14 g. sample was used.
Kjeldahl N is alleged to give unsatisfactory results, as
variable amounts of free NO3 are reduced anian unknown amount
distilled off as nitric acid (Paech and Tracey, 1956). Cavell's
method was compared with a Xjeldahl procedure, modified for NOB
reduction, over a range of samples., Samples giving a higher yield
of total N with the modified method iuvariably contained free H03
at levels exceeding 1,000 ppm. The method of Cavell was therefore
used only for those samples containing lower levels of free NO3°

For samples exceeding 1,000 ppm. N0, (all material from the

3

NO, and HHLLHO3 treatments of experiment III and one sample receiv-

ing 00, in experiment II) total ¥ was determined using a Xjeldahl

3

digest modified for NOB reduction with salicylic acid and sodium
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thiosulphate (Paech and Tracey, 1956)., This modified procedure
interferred with total P determinations, which were carried out on

separate digests using the vanado-molybdate method of Cavell (1954).

(iv) GChloride was determined using the lohr method., Neasurements
must be made between pH 6.5 and 9.0 to avoid interference from
chromic acid (Vogel, 1961). The writer modified the method of
Johnson and Ulrich (1959) by using a chromate-dichromate indicavor
to buffer at pH 7.0. After checking, extraction periods were
extended from the 10 minutes recommended (loc.cit) to 30 minutes.
Samples from the iwo soil experiments only were analysed.,
Tests on random samples and a bulked sample of material from experi-

ment II1 revealed only trace amounts of chloride.

(v) Total sulphur: Because of low yields in experiment I, there

was insufficient sample to carry out diplicate analyses for total S
by gravimetric methods. Hather than bulk plant material within
treatments, the writer sought a method reguiring a small sample.

A nitric—perchloric acid digestion procedure was selected (Blan-
char et al., 1965) followed by turbidimetiric determination of
BaS0, (Lachica Garrido, 1964)., Readings were made on a Technicon
"Autobnalyser? at 520 %p. Sample size ranged from 0.05 - 0.2 g.,
depending on 5 content, Thirty-six determinations could be made
daily.

(vi) MNitrate nitrogen was determined with the diphenylamine spod

test (Johnson and Ulrich, 1959) to establish threshold levels in

conjunction with total ¥ determinations (III, 9, (b}, (iii) ).

(c) Soil Nitrogen

Ammonium and nitrate were determined using Richardson's
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modification of Olsen's method (Piper, 1942) but the ammonia

was collected in boric acid.

(d) HNitrate in Culture Solutions

Displaced solutions from the NH4 treatment of experiment III
vwere tested for the presence of NOB. The brucine method of Peech
and English (1944) was used. Colour development was checked

against EOB standards and freshly prepared NH& soluticns.



SECTION IV

HuSULTS AND DISCUSSICOH

A THE EFFICACY OF "H._SERVAE"

1 IW SOIL

In conJunction with experiment II, control pots which did
not contain plants received the experimental treatments (III,
6, (b) })o On conclusion of the experiment, their contents were
analysed for form and level of mineral N and its distribution

in the pots (III, 8,{b) ). The results are pressnited in Table

The total recovery of N was similar for all treatments,
approximately 145 mg, N/pot, suggesting that mineral T was not
ieached out of the soil by the overhead watering which was
periodically carried out in the two soil experiments. The
obvious difference between the watered pots (a) and the unwater-
ed pots (b) was in the vertical distribution of HOB in that
series. VWhere pots received no overhead watering (b) the bulk

.

of ¥ was recovered as NLB from the "4 horizon", while in the
watered series (a) there was more mineral M present as NOB in
the "B horizon". Distribution of NH@ was not affected by
watering. This confirms that it was a2 correct decision to

surface water the experimental pots periodically (III, 6, (b) ).

Without this treatment much of the ¥0, may have accumuiaited
-

3

b the surface of the soil and become positionally unavailable

Exl

to the plants,

There wes only a2 trace of 1\?1{4 recovered from pots which



TABLE T THE FORM, LEVEL AND DISTRIBUTION OF
MINERAL N TiF CONTROL POTS IFPROM EXPERIMENT TT

{(a) Pots which received overhead watering and sub-irrigation

=t

Treatment Hneral N Content
O, -H (me. i) NH, -1 {mg, )
) i3
(A norizon by, 6 0.9
(. .
'] 3 series (d horizon 72.0 0.8
(C horizon 21.6 0.5
Eiotals 141.2 2.2
143, 6
]
(4 horizon 13,3 52,2
-~ . (B horizon 6.8 50.1
bdb geries (
(¢ horizon L, 6 18,1
ETotals 2.7 120.4
1h5.1
(b) Pots which received sub~irrisstion only
KUB_N (mz.t) HH, N (mgz, )
EA horigzon 107.8 1.0
HO3 series (B horizon 23,6 0.4
(C horizon 7.5 1.3
ETotals 138.9 2.7
141,68
Eﬂ horizon 9.3 53.6
HH# series (B faorLzon 2o 70+
{C norizon 3.4 22.3
ETotals 7.8 1355
150,2

(each value is the mean Trom two pots in each serieg)

o]
L



received EO3 fertilizer, but about 15% of mineral N was re-
covered 28 HO3 from the NHQ series. It would appear that sone

of the added ﬂﬁb was nitrified over the course of the experiment
This figure may have over-estimated the HCB content in the plant-
ed pots, however, The latter were subjected to 2 period of pre-
creatment, with plants growing ia them to induce a mineral ¥
deficiency prior to the application of fertilizers aand "H.Serve",
Any mineralization and nitrification of organic N which occurred
in the unplanted, control pots during this period would have

allowed 50, to accumulate in the goil, and may have led toc a
3

sreater "apvarent nitrification" of added WH, ,
g pI L,

2 Iy CULTURE SOLUTIONS

A colorimetric test for HOS was made daily ocn the HH@ series
of culture solutions in experiment III. The leachates were tested
for NOB by comparison with EOB standards and freshly prepared ﬂH@
solutions (III, 9, (d) ). There was no indication of any nitri-

fication. If it d4id occur it wmust have been at the root surface,

and been accompanied by a rapid absorption of the EOB.

3 R QOB LEVelo I# HERBAGE; AW INDIRECT TwST FOR WITRIPICATION

In conjunction with total ¥ determinstions, all herbage
was subjected fo a "spot-test' for free NOB (11T, 9, (b),{vi)).
No material from plants which had received HE, in any of the
experiments gave a positive reaction to the test. Herbage from

lants which had received NO3 in experiments I and Il had free

d

HG, contents ranging from 2 trace to a few hundred ppm., with
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one sample containing over 1,000 ppu. Iaterial from the EOB and

WI Hnu treatments of experiment II1 had free NOB contents in

3

excess of 1,000 ppm.

b CONCLUSIONS

It is concluded that "MN-Serve" was quite successful in
controlling nitrification in all experiments. Doubtless some
nitrification occurred in the soil experiments, but tissue

By

analyses suggest that NO3 was not vhe major form of N entering
the plents in the 1‘-IH£lr treatments. As discussed in the following
section, the overall patterm of results was similar in all
experiments, lending suppori to this conclusion. The assimilait-

ion of I has been regarded as "predominantly HOB" and "predomin-

antly MNH," in the two soil experiments (III, 4), while in the

culture solutions all evidence suggests that it was "wholly 170,"
J

and "wholly T"h" in these iwo treatments.

B THE LRFRC

S _OF i PORM O THZ YIELD AND
RYBGRASS AND SWERT VERWAL

1 PRESEITATION OF RISULTS

The analyses of variance and tables of means and their
estimated standard errors have been included in appendices 1-L44,

The results from 211 Three experiments are summarised as followss

(i) Apvendix 45 ie a summary of the means for the tvic ¥ forms,

averaged over both species. In general, these resulis will be
referred to, unless the statistical analysis shows & significant

interaction between N form and species, in which case the resulis
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for the individual species will be discussed;

(ii) Appendix 46 is a summary of the effects of ¥ form on

ryegrass for all experiments;

(iii) Appendix 47 lists the resulits for sweet vernal; and

(iv) Appendix 28 is a summary of species differences,

averaged over 0 forms, for all experiments. This will be referred
to where inter-gspecific differences are discussed.

For convenience, these summaries unfold so that they may
be lifted out and referred Lo during the discussions which
follow, ILimitaiions of sunace precluded the tabulation of stand-
ard errors, which are iacluded with the table of means for each
statistic in appendices 1-44, 1In the summaries of results,
differences are indicated as either not significant (H.S5.) or
significant at the 5% (*) or 1l (¥*) levels of probability.

On the left hand side of appeandices 45-48 are shown the
results for three ratics. These ratics ares

(1) 2. me, sum of (X + Na + ¥z + Ca)w ;
/' SSA T Tme, sum of (S + 2 + CL)is

(ii) R-value, which has been defined previously (II, B, 5, (a)},

total

and comprises the total metallic cation content over the

inon-metal content; and

(11i) Cation uptake, or the "gross cation-znion ratio® which
Anion uptake

has been defined (II, B, &4, {(a) and II, B, 4, (b)) and comprises

total metallic cation content (plus foliar ¥ with HH, nutrition)
over total inorganic anion coutent (plus foliar ¥ with HOB nutr-
ition). The gross cation-anion ratio is calculated on the

assumption that all the K entered *the plant as either E}4 or EOB

ions in Tthe respective treatments,



An arc-gine transformation of the data for the first two
ratios prior to statistical analyses was considered unnecessary,
The data did not vary over a wide range and there was no obvious
frequency imbalance, o significant species x i form interactions
were detected.

Inspection of the data for the gross cation-anion ratio
showed that the means were very obviously different vetween I
forms, the values for NO3 being about 10j» of those for NH@. Ta
avold inflation of the standard errors for the NOB means, and a
reduction of those for NH4, the analyses of variance were zeps-
rated, and species compared within sach N form. Vhile B-value
and gross callion-anion ratio are synonynous for plants receiving
NOB, the data for the NOB series was processed again to estimate
the standard errors in the zbsence of the NH& series data,

One plot was lost in experiment II (sweet vernal receiving
NO3)° This has been allowed for by conventional statistical

methods, and as a vesult of this, there is an apparent discrep-

ancy oetwesn R-value and gross cation-aznion ratio in some cases,.

Tields of DM, within experiments did not differ signifi-
cantly between plants receiving EOB or NHQ, except in the case
of sweet vernal in experiment Il ¢nly. Wo reascn for the superi-
ority of ﬁ54 in this one instance was apparent. There were
large differences in yields between experiments; yields belng

of the order of 2 g. per plant in the first experiment, 8 g. in

the second and 16 g, in the third., This was largely a reflection
g geLy
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of growing conditions and the size of the plants at the beginning
of each experiment, For iunstance, the Hdgh yields asscciated
with experiment I1i comprised two harvests over a pericd of 30
days, while the low yields in experiment 1 were obtained from
three harvests over a period of 64 days. 4 diary of events has
been presented (III, &, (a) ).

The similarity in yield between the two N forms, with the
one exception noted, simplifies the interpretation of resulis.
As discussed, yield may affect the mineral composition of plants
by growth dilution (II, 8, 5, (a), and figure 3, p. 75). The
similarity in yield with sither ¥ form also indicated that the
experimental treatments did ﬂd interfere with normal growth uader
conditions prevailing in any particular ezperiment. This is of

particular interest in the case of "H-Serve', which was confounded

with ﬂi@ in experiments I and I1, as there has heen a reporied
reduction of growth by legumes at lower levels of "H-Serve® than
were used in the eurrent work (II, C, 2, (v)). In experiment III,
where 1 ppum. of "H-Serve" was included in all culture solutions,
the highest yields were obtained with no indication of growth
abnormality. 4As discussed in the following sections, the pattern
of results for the effects of ¥ form on the mineral composition

of grasses varied quantitatively, rather than qualitatively,
vetveen experiments. On this basis it is concluded that "N-Serve"
showed no apparent effects on either plant growih or physiological
yrocesses,

There wes no yield difference between the species in

experiment I, but in the two following experiments ryegrass out-
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yielded sweet vermal by 3-4 g. per planit. Because of the possible
relationstips between yield and mineral composition this compli-

cates the interpretation of

ccuposition

Only in experiment III were

to wlants, by design.

tansously

inter-specific differences in mineral

and HHN provided simul-

This resulted in a yield incre-

ment over plants receiving either I form separately, which is in

L{y

ar content®

54y, butb

nce at

agreenent with observations Wy other authors for a variety of
plant species (II, B, 3, (aj), (1) J.
3 THE CONTAT OF ¢BTALLIC CATTONS
(2) 3xperiment I

In the first soil experiment plants which received FH
in relation to those receiving E“s, had a reduced foli
of bases, but this reduciion from 157 +to 148 me.i was c¢
tively small, The content of Ca aad Iig was lower with
these differences failed to reach statistical significa

the conventional level of probsbil

There was no significant dif

in total cation content., However,

content of L and 2 lower conient o
As there was no difference in yiel
suggests a "oreference" by ryegras
sweet vernal for K,
(b) Bxperiment II

Where.HO3 and H;, were appl
receiving EOB again had a higher b

£ g

x
-1

v (P < .15 and < .10
fareace between the

gsweet vernal had a &

end Cg, than wye

=)

d between the two gr

3]

as fertvilizexrs, p

o

ase content (135 me.%

for divalent cations,

I

espectively),
two speciss
igner
grass.,

.s3es, this

and by

lants

} than



those receiving ME, (119 me.i). In both species, the levels
of Ne, Mg, and Ca were reduced with NH),. To what degree the
increased yield of sweet vernal contributed to this sffect is
not known, The level of K increased with §H4 in the case of
ryegrass, but was not different bhetween treatments with sweet
vernal, The explanation for this result is not clear, wut it

T

nay have arisen becauvse of different effects of the two & forms
in the soil medium. PFor instance, with the EHQ fertilizer the
external acidic effect of NH, assimilation (II, 3, (a),(v) )
probably coupled with a low level of mitrification (IV, 4, I)
may have led teo more acid conditions than with EOB, at least

in the immediate environment of the root (II, B, &, {f), (iv).

nd under these conditions there may have been a greater dis—

1—-!

placenent of & from the soll colloids with EH# fertilizer., This
increase in K availability msy then have resulbed in the observed
greater uptake of K by {the grasses. That the synergism between
FHQ and K content was not observed with sweet vernal may have
been due to the 35% yield increment also associated with NHM in
tnis experiment. Clearly, total K uptale by bLoth species wvas
greater with TLL,

The possibility of a true synergism between HH, and &
during uptake and translocation would appear less likely, This

o
u

'3'

e only experiment in the current work where NHQ has resulted

[N

1 an increase in ¥ uptake, HMany workers have found the uptake

|de
ba

of Ca znd g to be more clearly affected by ¥ form than that of

¥ {1II . 3, (v), (iv) and Mulder, 1956). However, this writer

has found no report of a synergism between HH@ and I, which could

i
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be ascribed to 2 true interaction between these itwo lons during
untake.

As in experiment 1 there was no difference betwsen the two
species in total cation content. Hyegrass had & higher level

of Ca then sweet vernal; the reverse was the case for =, There

,_

. L3 Ta 1
or :ig in the herbage,

[
e
j3]
H
H
-3
m
3
1y
=
g_r.
E'_)_.

nesa

(e) Syperiment IIT

When these grasses received on in culture soluticns
their total base content was 174 me.%, which was coasiderably

higher than that in the herbage of »lants receiving I (1hk
1

me,%)., The contents of Na, Mg and Ca were all dininished with

HH, . Plants supplied with a combination of both I forms together

b,
in the culiture solutions were intermediate in every respect,

except in their X content., Yith ryegrass, the only significant

S

difference in content was bLetween plants receiviag YHQ which

contained less than those grown with HNH, yo Plants of the HGB
series were intermediate, and not significantly different from

either, The situation with sweet vernal was that plants receiving

KO, or JHLK had a significantly higher XK content than plants

3 3

receiving UH), but there was no difference bwtveen the EOB and
plants, Ho explanation for this result is apparent. How-

gver, the differences in ryegrass were smell, the means varying

between 107 and 116 me, i only,

*

Ag din both soil experimenis, there was no interw.specific

difference in the level of total metallic cations in the herbage.

While ryegrass contained more g and Ca than sweet vermal, the

latter had a higher content of ¥ and Wa,



(a) Discussion

(i) I form effects: In all three experiments, plants receiving

l-TIrILIr had a reduced foliar contend of bazses in relation to Those
receiving EOB. The divalent cations, Ca and lig, were invariably

depressed with EH@ wut there wasg more variabvility in the resulis

for Ha and X, %Yhe low magnitude of interactions in experiment
wmay have erisen either because of the comparatively restricted «
vegime (III, &, (©)) or because the control over nitrification in
the HH@ series was not completely effective. That the diffewrence

later experiments Were vasically quantitative

i
on

betveern this ar

139,

S

suggests that the plants in the Lﬁg treatnent did, however, asgimi-

late mach of their ¥ as ﬁﬂb,
L

(ii) DSpecies differences: Within each experiment there was no

difference betveen ryegrass and sweet vernal in total base con-
Ryegrass always contained more Ca than sweet vernal, vhile
the reverse was true for K, YVhere there were inter-sgpecific
differences in llg and Ha, ryegrass again had the higher content
of divalent lg and sweet vernal, of monovalent ¥a, It is conclu-
ded that ryegrass showed a preference for divalent cations, and
sweet vernal a preference ror monovalent cations, under the con-
ditions of these experiments, That this was a true selective
uptake is shown by the higher monovalent cation levels in sweet
vernal, and divalent cations in ryegrass, in experiment 1 wvhere
there was no yileld difference between the species. In the latter
two experiments, ryegrass did outyield sweet vernal, But for

the lower yield of sweet vernsl to have masked a2 true selective

upltake of monovalent cations, it would have 1o be conceded that

greater D.M, production by this species would result in an in-
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creased Ca and Mg content and a decreased la and K content

with no effect on total cation content; there is no svidence

for this (III, B, 5, {(c), (i) ).

L THiE COHTENT CF #ON_FMETALS

(a) Axperiment I

Grasses which received N, had a higher content of inorg-
anic anions (S + P + (1) than those receiving ROB. The former
t the difference

contained 91 me.$: and the latter 85 me.;», so tha

was comparatively swall. There was no sigrnificant effect of #
form on the ¥ content of the grasses, and the tregatment difference
in total non-metal content (5 + T + Cl + F) failed to reach
significance. The content of & wae 1.4 me.ys higher in grasses
EHM’ and that of ¥, 3.7 me.» higher, out thers was no
effect of Il form on UL, As there was no difference in H content,

beon the result of a true

(94]
&
o
(5]
ok
=
w
ot
[0

the observed change in

ionic interaction, not simply the result of a greater protein

content in one treaiment, as matverial from the EOB gseries in this

experiment had free IO, levels which were a negligible proportion
3 pToY

of total ¥ (ILII, 9, (»), (iii) }.

Hyegrass had a higher content of 8 and total inorgenic

aniong (S + P + C1) than swest vernal. The greater convent of

S

LN . . - . . . - - .
Pirend C1l in ryegrass failed to reach statistical sigaificeance.

==

Eal
]

There were no inter-specific differences in ¥ or total non-metal

Where grasses received EHM they again had a higher content
of inorgsnic anions {70 me.%) than thossa receiving F03 (56 ME o35 e
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There wes no difference in the I coutent of ryegrass receiving
either form of mineral &, but sweet vernzal contained less I in
the KHQ series. 4 a definite relationship between yield and

i content has been established for ryegrass (II, B, 5, {c), (i))
this effect probably arose from the greater yield of sweet

vernal with IH . These differences betwesen the two speciss in

T content was reflected in the total content of non-metals (8

.
[

+ 01 + N} which was higher with HO, in the case of ryegrass,

(W

but was not significantly greater for sweet vernal, HRyegrass
receiving EJQ had a significantly nigher content of Loth
P, but there was no treatment effect on its (1l content., bHweet
vernal, on the other hand, had a significantly higher content
of ¥ and C1 with Hﬂq, in spite of the yield increase, but the
reater content of 5 failed to reach sigunificance., It canro

1

be stated unequivocally that the observed synergisim between NI,
and 804 during upitake in this experiment was not the result of
the application of THM) 50, as a fertilizer in this treatuent.
However, in view of 2 similar interaction established in the
previous experiment, where no mineral i was added to the soil

n fertilizer form, it would seem that at least part of this

fde

interaction was a itrue synergism,

The only inter-specific differences which can be cleerly

¥
-

senarated from yield effects in this sexperiment are a higher

content of S in rysgrass herbage and, as & result of this, a
higher value for inorganic anions, Bweet vernal, in spite of

lower yields, contained less 5 and a lower guentity of (8 + P +

C1) than ryegrass.



(¢)  Eyperiment IIT

Ag in the two previous experiments, the herbage from both
grasses contained more inorganic anions when the plants were
assimilating NHQ. The content (47 me.w) was considerably greater
than thet in herbage receiviag N0, (48 me.p). The IH, plants
also contained appreciably more ¥, 4s there was no diffevence
in yield this may well have been the result of the synthesis of
organic  compounds, resulting in "nitrogen-rich” plants, during
luxury consumption of l\IHLIr from the culture solutions. Such an
ffect has been reported for a number of species (II, B, 3, {(a},
(iii) and II, B, 3, (b), (ii)). These differences in both in-
organic anions and N are reflected in The treatment differences
in total non-metal content, the values for which were 345 me,i.
with NOB and 391 me,'e with NHM' In this exveriment, C1 was

or reasons discussed else~

Hh

crmitted from the culture solutions
where (II, C, 3, (d) ). Provision of HH” resulted in a large
increase in S content from 27 me., with KOB to 45 me.,%, As

increased by only 1 me.yw with HIQ, wnich was not significant,

-

moat of the differemce veiween Noj and NH@ in the level of in-
organic anions (P + S) iz a reflection of the effsct of ¥ form
on S uptake, Un the basis of the data from experiment I, this
would be expeclted to be at least in part the result of a irue
positive interaction between l‘IHilr and SOQ. Herbage from the

HA@O series was intermedliate in every respect, except that 1iv

3
contained more P than herbage from plants which received either
N form separately, The differences involved were small, the

mesn £ content varying oanly between 21 and me . %.



This apparently anomolous result with P content, in view
of the interactions Dbetween P and ¥ form 2stablished in the +two
scll experiments, iz most probably an artefact of the experimental
conditions in experiment IIl. The content of SO#’ the only ion

varied in the culture solutions besides H, was 2, 7 and 12 me, /1.

in the HOB’ KH, N0, and NHM solutions respectively. The synergism
~+ -
Letween NHL nd P may have been overriden by the antagonism

P

between SOM and HEPOM? during untake by the grasses in the &
solutions, Wnile the S/P ratio in the NOB solution was 2, in

ﬁHu solution 1t was 12, 4dn antagonism between 35 and P during
uptake by perennial ryegrass has been esiablished (11, B, 5, (e)).
Ryegrass in spite of & greater yield, contained more £ and

I’ than sweet vernal when the resulis were averaged over 21l ¥

trestments, This resulted in & higher ingrganic enion content
(68 me.is) in the herbage of ryegrass, compared with 49 me.y in
sweet vernal herbage, ©oweet vernal contained more ¥ than ryegrass,
which may have been & reflection of its lower yield, 4s a result,
there was no inter-specific difference in the content of total

non-ietals,

(d) Digecusgion

(i) ¥ form effectss In all experiments, planis receiving EHM

had an enhanced convent of incrganic anions in relation to those
which received N03° Ammonium nutrition resulted in o greater
uptake of S in svery case, but the increased S content of sweet
vernal in experiment II was possibly masked by an increase in
yield, and was not significant, In both soil experiments, ﬁH@

led to an increase in T content. In experiment III, the observed



Thb

inerease with ﬂHQ, as opposed to EOB, was not statistically
significant, which may have been an artefact of the exverimental
technique, The effects of N form on Cl content were variable,
put generally NHQ caused &an increase in foliar coutent, which
was not significant. This may have been 2 reflection of the
experimental conditions, Fresumably the bulk of the €l assimi-
lated by planteg in the two soil experiments was supplied in the
tan water used Vo irrigate the pots, as no salts contaiuning C1

-

Cl may thewrefore h

ol
L

were applied as fertilizers. Upitake o3

)

Vo

ate of arrival of the roovs rather thean

'_)u

been regulatved by its

by txue irnteraction. This interpretation is supporited by ihe

jass

regults for sweet vernal in experiment ILl, where & greater yiel

i

was associated with an increased C1 content. 4 vield increase
would dnvolve a greater total transpiration by the plants, hence
a facilitated arrival of 1 at tihe rcots by mass flow. The simi-

larity in total H content between treatments in the two soil

experiments would sugsgest that either N form was readily availsble

e

to these grasses, The immobilisation of HEH, Ly soil colloids

(I1, C, 1, (e} ) led %o no apparent infericrity of under the

conditions of these experimenis. Whils the N content of sweew

vernal was some 12% lower in plants which received Eﬁu in experi-
ment LI, this was related to a 35% Li, increase in the same treat-

ment, so that total N uptake was considerably greater with 'Hb

The luxury supply of EH4 in culture sclutions resulted in a

to the total non-metal countent of grass herbage. Bguivalents



H translocated to the leaves were from 3 1

Hy

0
a8

(ii) Species differences: The outbs

species was the greater 5 content

experiment when the resulis

applied even where there was a greater yleld by

o

(=)

2s 2 result of its higher S cenient, ryegr

L

a lerger concentration of inorganic

sweet vernal. There were inter-specific di

ryegrass containing less than sweet vernal in experiments
I11, wut these were directly related tc high

in bodth experiments, VWhile

observed under the experimental conditions

The

harvested after seme period

necessarily imply that the zame differences

if plants were harvesied at the

i levels

.
L

i=3

orimation can greatly influerice

(c), (ii)).

CORCTUSIONS

v

the eguivalent sum of other non-meials {5 +

anions (S

ffe

same Dif, yield,

rences in ¥

r yi

these differences in I

a8s, Llargely

also had

+ C1), than did

C

ontent,

IL and
elds by ryegrass

conteny were

where plants were

of regrowth, this deoes nct
would be observed
as carbohydrate

in herbage (II, B, 35,

2
(a) Yiels

Under the conditions of thess experiments, both Lorms of
mineral I were equally eifective as sources o¢f & for the growth
of ryegrass and sweet vermal, Ryegrass outyielded sweet verne
in the latter ftwo of the three experiments,
(b} The Affects of ¥ Form on Herbsge Mineral Composition
(1) IHetallic cations: Grasses which received I, Iavariably




had a lower content of bases in +thelir leaves than those Tfed HCO.,
The reduction ranged from & to 30 me.y depending on the experi-
mental conditions., The content of divalent cations was always

lower witn UE but the results for K and Ha were more variable.

4.!+ ,
These results confirm established interactions between
the two I forme and metallic cations (II, B, 3, (b), (iv) ).

(ii) Inorganic anions: Ammopium mutrition resulted in an in-.

creagse in the folisr content of (S + P «+ Cl}, in relation to EOB,
This increase ranged from 6 to 19 me.is depending on the eXperi-
mental conditions. Plants which received WEH b contained more i3,
but the resulis for P and Cl were variable, and probably related
to the exyperimental conditions,

The data from these experiments confirm established inter-
actions between the *two I forms and incrganic anions (loc.cit).

{¢) Inter—specific Differences in ¥ineral Composition

(i) Bagse content: There was no difference betwsen ryegrass and

sweet vernal in the te%2l metallic catvtion conteat of herbage,
under thesge experimental conditions. Ryesgrass showed a "preference”
for divalent cations, particularly Ca, and sweet vernal, for mono-

valent cations, espscislly K,

{(ii) DBon-metel content: Ryegrass imvariably contained more S

o

than sweet vernal, In the latter two experiments, svweet vernal
contained more N than ryegrasss, but this difference between the

two species could not be clearly separated from yizld effectis,

i

-
i

Largely =28 a result of its higher S5 content, rysgrass contained

ot
1

more inorgenic snions than sweet varnal,
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{2) 7The Gross Cation-snion Hatio

Data for the gross uptvake of cations and anions by the
experimental plants have Leen brought together in table 2, Total
¥ has been assumed to have entered the plant entirely as the anion
o cation in the HO, and ﬁﬂu treatments respectively. In experiment

3

I, plants receiving WO, contained 157 me,': of metallic cations, #With

3

NH@’ this value was depressed 1o 148 me.é, but the uptake of 251 me,;

of cationic ¥H, increased total cation uptake to 399 me.w. The

content of inorganic anions was 91 me . with Eﬂh’ but with MOB This
value was depressed to 85 me.:». However, the additicnal uptake of
289 me,= of anionic EOB increased the total anion uptake to 334 me,i,
It may be argued that as some nitrification probably did occur in
the two soil experiments, these data do not give a clear picture
of cation and anicn assimnilation., It was concluded that only a
negligibvle amouvnt of nitrification could ha%e occurred in the ﬁHQ
culture solutions (IV, 4, 2). Hevertheless, the greatest differences
viere found in that experiment. The base content of herbage which had
received HOB was 174 me.w. With EK@ the value was reduced to Li4
me.y, but the assimilation of 324 me.% of cationic WH, increased
total cation uptake to 468 me.%, In the l'-T-HI1L series inorganic anions
totalled &7 me.%, and this was depressed with WU, to 48 me.y, but

the attendant uptake of 297 me.% of anionic NOB gave a toval anion

uptake of 345 wme,y.
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TABLE 2 TOTAL CATION AWD ANTON UPTAKS WITH
EQG AND 3, NUTRITION

(Resulss for W forms averaged over beth species)

Cations (me.::) Anions (me.y.)
y . K+Ha+lig+Ca) | HH, - Total | (S+P+C1) { #O E
Bxperiment I (8+Hia+tig+ Ca) y | otal (5+2+01) Yy fTomal
10, -1F 157 - 157 85 249 1 33k
HHM_N 148 251 | 3989 91 - 1
Bxperiment II
HO I 135 - 135 56 211 | 267
ﬂ54*H 119 149 318 70 - 70
Byperdiment IIT
ﬁoj_ﬁ 17k - 174 L 297 | 345
e 1hb 324 | 468 67 - 67
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These differences are shown in the gross catioan-anion

ratio in appendices B5-48, In all experiments, where plants
received WOB they absorbed approximately ftwo squivalents of
anions for every one cquivalsnt of cations, In the two soil
experinents, when grasses received ET@, cation assimilation
exceeded that of anioms by a factor of approximately 4.5. Under

the same ¥ treatment in experiment III, these grasses assimi-

lated moxe than 7 souivalents of cations for every one equivalent

As shown in table 2, there was a small compensatory change
in the upitake of other cations and anions when the ionic charge

Nl

but this ef

]

ect was Tar from stoichliomeiric.

=

I wag reversed,

U3

The observations, therefore, rule out any concepti of Their bein
2 constant ratic beltween the amount of cations and anions trans-
located to ths herbage cf these experimental planis. The date
illustrate the effectiveness of "exchenge uptake" of XOB for the
eunions released during its metabolism, and of ¥, for the H ions
released ing its assimilation (II, B, &, (e}, (ii) ). T
eaged during its aesimilation (1L, B, &, (e, (ii . he

data aleo show that I assimilation, irrespective of ¥ form, pro-

ceeded in 2 maarer largely independent of the uplake of other

[_Io

onic species from the mediuvm (logc.cik).

{b) The Relationships Heitween Metallic Cations and Inorsganic Anions

The extent of interactions hetween the two Torms of N and

other ionic sgpecies nas been shown in table 2. The induced changes

e

o

in wineral composition are reflected in significant reduction

atio for metallic cations/inorganic anions from 1,856

o
;:S
T
H

with £0, to 1,64 with WH, in the first soil experiment. The



150,
corresponding values in experiment II were 2.45 and 1,67, and
3.72 and 2,23 in the final experiment., In every experiment,
thers was an antagonism between HOB and other inorgaunic anions,

and & synergism between IC, and metallic cations, when the

iy
o
0
o
|—J
o
@
o
r
@
0
O
Ef
'S
o
H
o
fo%
o
p..d.
b!

hose from the NH, series. Conversely,
thiere was an antegonism between ML” and metallic cations, and
& synergiem between fH, and inorganic smions, These results
confirm cbservations on many species (II, B, 3, (b),{iv) )
including ryegrass (II, B le) )

ilp < 6rqu..1u L g ] 5, \e €

Without excepiion the valus of this ratic exceeded unity,

e
[0

Alternetively, the uptake of metellic cations always exceeded
that of inorganic anions, even with Nﬁq nutrition., This wasg one
of the siipulations laid down for mormal metabolism by plants

(II, B, &, (e), (4i1)). Values less then unity mean the sccunmu-—

lation of Lib and/or # icns in tissucs %o balance the excess
inorganic anions (loc.git.). Such a situation normally occurs
t0 an appreciable extent only under conditions of ammonium
toxieity (IT, B, 3, (b)), (1) ).

Possible reagons for the interactions between the two IT

forms and other lonic species during uptéke andé translccation
heve been discussed (II, B, &4, (£f)). The accumulation of catipus
in %igsues mwst involve arn equivalent accumulation of anilous,
both inorganic snd organic, o maintain ionic balence {(II, B,
(e), (ii)). During WH, nutrition, the translocation of an

excess of metallic cations o The herbage must involve an equiva-

-

lent movement of orgenic anions to sguate the deficit of in~

organic asnions {II, B, &, (£)), CGa this basis, the synergism
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s

besween I, and inorganic anions (P + S + Cl) may be explained.

* o

Secauge of elther the lowsr mobility of organic anions in com-

parison with incrganic anions, or because of 2 Limitation to
- . . I, . P - - /oo .
their "avellebility" duriang ¥E) autrition (II, B, &, {f), (ii))
the inorganic anilonsg assume 2 greater ¥roie as gounter-ions for

the paired movement of metallic cations out of the root, Un
the other hand, with EOM nutriticn much of the metallic cations

may enter the root tissues as 0O, salts, To what extent the

3
cations are translocated as such, or ag the salts of organic
aniong formed by NOB metabolism in the roo®, is not clear. vhich-
ever is coxrect, NGB auvtrition leads to a reduced vole of othex
incrganic anions as counter-obns for the mevement of cations to

1
r

The

[e]

herbage. The observed result is an antagonism between EOB
and (P + S + (1) when the minseral composition of herbage is com-
pared with thet which received H,.

I? has been concluded that the assimilation of ¥, irresgp-
ective of form, zpparently occurs Ly an exchange process in a

manner which makes I uptalke largely independent of the uptake of

other ionic species {loc.cit.). This has been confirmed in +he

q

4 L . . .
present work (IV,C,1,{a)). FEowevsr, the initeractions between N0
" and other ilonic species, found during thess experiments
(IV, B, 3 and IV, B, 4) ghow that there is not a complete inde-—

perdence, and are in agreenent with the fiandings ol other workers

e
=
1
d

LS

e
IR

p—

—
1=

v}. What is surprising, however, is the small

magnitude of the changes ia the levels ¢f other minersls when the

s reversed, In the present series of experi-

[N

ionic charge of 1

ments, I uptake greatly sxceeded that of total cations, and thati



of incrganic anions on an equivalent basis, irrespective of W
i g . { us the ionic H had a v order
form (table 2, p. 148). OUbviously then, ionic ¥ had a low ord

of interference with other denents during vypitake ard ftranslocation.
possible explanaticn for the observed effects of ¥ form on the
final mineral composition of herbage within each species can be

offered on the basis of osmotic considerations. Irrespective of

]

the precise physiclogical explanstions KO, mutrition, in relation
2

joh
®
w
oy
J
b
fie
=
=
T3
B

to H,, results in herbage which may be characterise

. 2 - £ an
the present work, eand is discusssd presently (IV, C, 2, (d4))

. - R s - - -
D. & lower content of inorgsnic anions othsr then 0., (1I; 3, 3,

experiments (t2ble 2); and
4 . o . ) e o N b i ) oz
c. & higher content of ovrganic anions (IX, B, 3, {(v), (iii)).

This has bzen found in the current work, and ig discussed in

TV

6]
L]
ot
[N
O
-
(-
el
2
Y
e

the nsxit s

I% ig well eagtabliched that "low galt" flaccid wissues will abzorb

Y

Tiwmitdng

{2
1]
43
!_J

-
0
Q
o
o
o
.
o

rineral galts rapidly, and that eventually

2 gitation may be imnoged

]
(2N
—
o
i3
=
Eu
-]
]
=

iz reached {(Satcliffe, 19
by the osmovic pressure in the plent sap. In tissuss which have
the presence of a2 higher proportion of muliivalen
orgenic anioas in the assemblage of total anions would result in
2 lower osmotic pressure on the basis of particie number alone,

in comparison to L, tissues vhere an equivalent amount of total

anions would contain relatively more inorgenic anions, OUrganic

e
U

zeld salte may also have lover activiiy coefficientz, as evi-
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denced by the precipitation of Ca and Mg saltls of organic acids

in tissues {Fierce and Appleman, 1943; Kirkby, 1966):; which
effect would be additive o that of pariticle number in causing

a greatver reducticn of the osmobtic pressure in HOB tissues than
in TH@ tissues, Further, the enbanced metallic cation content

of tissues receiving TOB is associated with a greater prcporiion-
ate increase in divalent cations than in monovalant cations,
which would also result in a decreased osmotic pressure per equiva-
lent amount of cations on the basis of particle number, when
compared with an equivalent of cations in NH& tissues with a
higher proportion of monovalent catioms. Thus many plants, ine
cluding those in the current experiments, can largely overcoume
any effects which may be expecied to arise in their mineral

composition, from the assimilation of a large excess of cations

with NH, nutrition and anions with HO, nutrition., Because HC,
A -

nuirition, whether directly oxr indirectly, gives rise to tissues

with the characteristics listed above, the differences between

them and M, tissues may bte viewed as the result of interaciions
Iy

among minsral slements other thaxn 1, within the linitation of

[}

a maximun osmotic pressure in the plant =ap. This councept is

speculative and provides the basis for further investigation
rather than statement of facit. High leveis of Cl in ryegrass

herbage result in & reduced content of multi-valent organic anions

tailan

{Di jkshoorm, 19$63: Ven Tuil, 1965). In field samples of
ryegrass Cunningham (196L4a) found that herbage which contained
mach Gl slso had a lower total base content at any level of

total "anions" (¥ + 2 + 5 + C1l) than did samples containing 1ittle
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Cl. In ithis respect, the samples were similar +o those which
received much NH), fertilizer, It was also found that samples

containing much Ha had a lower totael base content at any level

of total “anions" than tissues containing little fa, Further,
the nigh Ha tissues tended +to 2 maximum base content which was

considerably lower than when Na levels were comparatvively low.

These observations suggest that osmotic effects may have limited

salt absorpiion, resultia

ST
H
=
4+ ]

in tissues which contained high levels of monovalent ions.

{c} Rovalue

R~velues were significantly lowered by IH, nutrition in

e

211 experiments. HAs there was no overall effect of ¥ form on

-

¥ coantent in eXperimen I and II, this effect was caused by

lower <total mineral salt coanbznt

e

egtabliched interacitionsg between the two ¥ forms and ovher ionic

species during uptake end translocation, In experiment III, KE

additive effect was also responsible for the reduction in 2~

values,

The H-values for iandividual ryegrass sanples weve plottsd

1

walien ryegrass

between R-value and E content was observed with these data, as

treaiment of any exgeriment more or less followed the mathemati

S + L T 5
2.0 againgt M, where
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[N}
2.0
a—m I R—
E:__E’,_ ¥ -:-‘!- - Lo v ELlU.G
3¢ = me, (K + ¥a + Mg + Ca)ys which was the mean
Tor that particular treaiment and experiment
(a constent)
>SA = me, (8 + ® + Cl)w a3 shove
N = ne, e
The negative relationship virtually followed the mathematical

prediction, with some scattewring which could be asscciated with

enetic control over mineral composition (IV, @, &, (b), (iv)).

a0

Vigual asssesment of these graphs simply served o show thav
untake by ryegrass was largely independent of the uptaie of
other ionic species under the conditions of These experiments,
and that L.values were not constant, 4t any ¥ conten
for plants receiving ﬁHQ were lower than those for
simply a2 reflection of the established interactions bhetween the
twe ¥ forms and other ions during uptake, These data could unot
be interpreted ag support for the suggestion by Cunningham and
Wielsen (1965) "that the proportions of cations and anions taken
up Trom the soil by intact grass plants, as measured by 2-value,
are regulated by some plant mechanism linked to nitrogen meta~

bolism, !

(d) Discussion

[
]
O

Bear (1950) and Di jkshooran {19572, 1957b, 58a) concluded

that the "eation-znion" ratio in herbesge was & congtant and thet

=

cations and “anions" wer herbage in related

0]
i
=
5
O
18]
&}
F
ot
{
jaT]
5
=}

in this ratio. Allowing for the fact that these suthors were

t changes i1 total conteat did not effect chenges
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\‘—,l'

considering the metal/non-metal ratic (the gross cation-anion
ratio has varied widely in the present work) this study has not

supported their general rule, ER-values have been significantly

reduced by NH# in all cases, WFurther, significant differesnces
have occuxrred between experiments for the same speciss receiviag

the game 1T form, For instaince, the mean A-value for ryegrass
recelving ﬁOB in experiment I (0.485) was significantly lower

then thet for ryegras receiving NO, in experiment II (0,577

I

P<L001), The values for individual ryegrass samples ranged from
0,35 to 0,65 in the present study, which ieg in egreement with
other evidence %hat R-value is not a constaat (II, B, 5, (¢}

It is very difficult fto assess whether grasses are assimi-

lating 0, cr NI, at any varticular time, under field conditions

,
=
V]

o the mineral coumposition of grasses was

P annn ¥
—
=
wh
:_L_
gV
s
]
]
0
T
&
=y

therefore situdied 0 see whether ziay sortv of diagnostic techniqgue

coull De devised by which one could determine the form of ¥ which

Fgragses Were agsimilating during these experiments, and which

o]
0]

may have been applicable %o field conditions, No clear—cut
separation between u03 and WH), plants emerged. This may be
demonstrated by the fact that the mean value foxr the ratio,

metallic cations/inorganic anions, calculated for both species

eceiving N0, in experiment IT (2.45) was not significantly

3

different from the mean value of 2,23 calculsied for both species

[

receiving NE, in experiment IIT (2 .50).

1’51 1

-J'.

le this writer does not atieupt to define those factors

of the enviromment which have caused these large varistions in

mineral composition between experiments, it is evidenl that they

ar

had & grestver affect on the mineral composition ¢f hsrbage than



v=t

did ¥ form. That H-value does vary so greatly with environ-

mental factors throws its usefulness into aquestion. It appears

to have no particular mexit in terms of plant physiclogy, nor

in the assessment of the nuitrition2l value of herbage.

2 QRGAHTC AWIOWS

{a) Zstimation

It was concluded previcusly (IZ, B, &4, {(e}), that thse

e

ionic bhalance in plaat Tissues may be given the following equaition:

me. (K +ia + Iig + Oali = me. (S0,= + H,P0,~ + 17 + N0, )5

+ me, organic anions W

In the present work it was therefore possidble 1o calculate the

content of organlc aniong in all tissues which recelved IH) , and
in the Iierbage of plants which received NOB in experiments I and
II, where total Il was virtually all in organic form (1,000 ppa.

NO., iu herbage is approzimately equal to 1.5 me.w). The data are

j =

congidered as an approximsticn. The amount of total S iavolved

in orgenic combination was calculated from the

=l

T content, a2ccord-

- 4 - = I - — ada 4
ing to the eguation of Dijkshoorn zi 21, (1960}

me, organic S

=
w
o
H
s
ot
E.
Q
=
5
=
1
-
I

Inorganic NG, was ignored, bul no estimations of organic anions
wers meds for plants of the IO and NH”EOB series of ecxperiment

ree N0, content exceeded 1,000 ppm. by an

The following date are Tthe calculated organic anion values

for both ¥ forms averaged over the two spegies, showing the me2n
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organic anion conterits and their estimated standard errors

Bxpariment I me. organic anions %
=
NC,-H OG- 2,7
3

WH) -3 71 -~ 2.7

- . +
WO, M 90 -~ 3.2
3
0, -1 59 - 3.2
L
Eyxpeyiment I1T
HOB_E Jot galeulsted

B
:_
i-‘-‘f
‘_
=
Ny
=
[
™
-3
—
Ean

Ammonivin caused & reducition in the orgenic anion content in boih
soil experimenvs, This was fhe result of the estanlished in
actions vetween each of the two I forms and other elements during
uptake, In the Iu, servies of experiment IIT, the sxcess of
mevallic caticns over inorgenic anions was 142 me,.%. This may

have given an organic anlon contvent in excess of that for HH

.{.‘::

£ free L0, would be recuired in these tissues

to prevent the difference from belng significant. However, any

Fumerous experiments embracing s variety of speclss

1

=
i
)]

including grassss have shown that IH,, in relation to FHO,,
v 4

(=3

resulted in a reduction of tThe measured organic acid conten

of leaves (IL, 2, 3, (b}, (iv)).

De Wit et sl. (1%63) concluded that a '"normal™ 100 me.i
weess of metallic cations over ilnorganic anions 1s & pre-requil-

ite for "zood growih'" of grasses in genexel, inecluding ryegrass,

[



Thie view has been reiterated by Dijkshoorn (1963, 1964) and

Van Tuil (1965}, These authors also conclude that the reduced

srowthiirequently asscciated with Mi, nutrition is dus to a "eoiress"
v

on the nermal orgzanlic anion content, walch iz weduced with this

Iﬁ the.present study, D, yield was not adversely affected
with NH” autrition, and this ¥ form was superior in one sxperiment
with sweet vernd, The organic aunion content was depressed by Ehug
ot least in the cage of the Pvwe seoil asxperiments, which doss
not suppert the Duteh theory that the yisld of gx

res

related To organic anion countent, Thess

inferiority of UH, which has frecuently been observed during

e
o}
I~

experinsnts comparing both W forms may, in
the experimental conditions, such as insufficient lighiing or
lack of satisfactory »H coatrol in the media, as suggestsd by
Street and theat (1958) and discussed elsswhers (II, 3, 3, (2}).

5 _-, . e . . - . e L
{3} uvrrenic <nions and Metallic Cationg

The ratio of divalent/monovsleat cations in herbagze was
supnjected to statistical analyszis, and no signi
W form interaction was detected, The following data are the

meens and their estimated gvandard ervors for each o form aversged

me. (Mg + Cal.uw
Sxperiment 1 me, (K + #fa) »
0G - 0.52 2 0,02
A
. e By )
FH, -1 0.49 - 0,02
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In all sxperiments, ”{b viag associated wivh a reduction in this
ratio, wut the difference was not significant in experiment I,

he antagonism beivweesn HE i and mevallic caitions therefore

affected Ca and ilg nore than Ila and i, This observaiion agrses

e - e mm Tajm T o ("’T ; ‘b) { A

vwith those of cther workers Lle =2y, :5, i 3 Liv) s
Thig reduced sceumulation of divalent cations was

assoeintsd with a reduced accumulation of organie aniocns when

olants vecelved U, , at least in the two soil experiments. On

the hasis of current ridence that acecumunlation of snions is the

1 salt accunmulation by

3
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et al., 1961), these datae may be considered 2s supporiing the
suggesticn made previously (I1, B, 4, {f), {i1}) that the

ffects of EOB ond HH, on cation abgorption may in

part be explained by thelr effects on orgzenic anion accumula-

tion., 1t was not clear whather the possible effects of IH, were

g limited supply of or ie amions}, or ilndirect, through changes
in tissue 2nd/or external sH with at dant clmgzges in ovganic



vtives camnet be separated with the information

]

the root

Py

from the present study. fothing was knowa of the pH a%

-

= s ! * . ] £ T 3 A e
surfoce in the $two soll experiments (II, B, &, (f), le)), and

T fthe solution culture experiment was such that

external pi and £ foxm were confounded. The pH of leachates
from 211 pots was measurced over 2 pericd of § days, The follow-

ing are the mean values for each # form, aversged over both

species, with their estiwmated svandard errors:

The initial pH of all prepsred sclutions was 6.2, Az both
trestnents wWere presumably ne2r the same pil when pots

with fresh scluvions eac

the two treatments was gowetihing lezs than the diffe
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ond the velative pariticipatioa of

o

total cation sccumulstion may be envisaged.

olved in the uvpward mocve-

I

fxehange reactions are known To e inv
ivalent cations, althovgh bto whai exteant such exchangs

phenomens are regpousible for the devermination of

mineral compogition, is not clear (Butler and Bollard, 1966).

Said (1959) concluded that regulative forces in the

translocation of cations to the herbege of grasses srose from

diiferences amcng the ca

sites prasent on nlant colleids, Said cheracierised psrennial
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ryveerass ags having & marked seleetive abhility towards the allkali
Jeg &

cations. The comparative discrimination agsinst the alkali earth

[

cations he attrihuted to ftheir reduced movnility, resulting from

their preferential adsorption on the bio-colloids (loc.cit. ).

e

.‘

Uivalent cations may be chelzted as the salts of organic acids,

i4g such, their lack of donie nroperties would preclude their par-—

0]

ticipation in exchange reactions. Insolfar as these exchange
reactions may reculate the vnward movement of Ca and g, any factor
which caused an increase in the movenent of organic anions from
root to shoot could Dbe expected to have a greater nroportionate
effect on the movement of divalent cations than on the movemenyt of

monovalent cations, because available evidence suggests that the

L=

former have a greater affinity for the exchange wites., Irresnec-

tive of the precise physiological basis for the greater organic

anion accumulation with MUB rutrition, as opposed to HJu, the syner-

ith Ce end g may be the result of an increased vrans-

gism of .10 3

nort of the chelaved sal

o,

ts., Jones (1961) found that aluminium was
complexed with malic and ¢iitric acids orior o translocation in
plants. He conecluded that chelation maintained the &1 in a "physio-

logically soluble” form, as it would otherwise have been exvnected

to precipitate.

3 GUITRTTC COMIROL OVELR THYE HIMBRaL COrPOSITIUI 04 RYSGRASS HiRSAG

(a) vtatistical iethods and Presentabion of Resulis

The design of the experiments has been discussed (III, Ij.

Clopal material from each of the same 10 ryegrass and 10 sweet



genotypes was usad for the 16 replications in 2ll thrse

[]a

experiments, After removing variasnce resulting from differences

nd pasture plant breeding, the dasta for ryegrass only vere pro-

cegssed, The 10 ryegrass plants used in this sxperiment ware
randonly selected from the 31 generation following an open pollin-
ation of 8 parent plants {loc.cit.)e. =5 such, they may have
comprised any of the powsible 28 parental combinations, and the

same parental combinaticon may have been included more then onee,
The actual parents of any yariticuiar piant were not Imown, The
10 genotypes have been nominaited L,.,,.J Tor tavulation of the
resulis.

The data for plants receiving IIC, and HH, wers separated

for statistical analyses, as it was not kunown To what extent thers
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of other slemern

anelyses, and includes the cool

£

15 (%%} levels of probability. In the case of siznificant wesults,

the critical differences {d ., srnd 4 ,,) have been presenied.
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GENOTYPIC RAWEING OF HYAGRASS RESULTS
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.
(b)) Genetic Control Over ¥ield end Hirneral Composition
(1) Yield: Differences among the genotypes in yield ware not
significant, irrespsciive of d form, The ranked order of geno-
types was virtuelly the same whether plonts had received LC, or

2
“34, without the sglightest indication of & genotype X Q¥
interaciion in detemmining yield,

(i4) Tetallic cations: There were differences in the levels

of Ha, g, Ca aad total bases, and thease characters were under
genetlc conirgl, whether nplants received EOB oT TH&, 4 difference
in K cantent, which was significant when plants received HO,,

3
failed to attein significance with £H). The rvange in HNa content
was almost fourfeold, for Ca two 2nd 2 half, and g almost two-
fold, Varietion in L level was considerably spellern,

{(4ii) Tiop-metals: There were sigrnificant differcnces among ihe

pas in the levels of total 2 and total ¥, when plaants

3
o)
i
I
e}

‘t_f'

e

in ¥ content, thers were related differences among The genotyues
in total non-metal content, which wewe significant with ei

these non-

1lic cation contents. FLifferences in the levels of ftotal 3,
nd fotal inorganic anions (¥ + 8§ + (1) were
s Ol wae aot dncluded in the medis of experiment IIL, the data

were reduced to only Two observabtions on sach genotype, receliving

cither EOB or HH,, 2nd this wmay have affected the result,

largely a reflection of differences in i snd tetal base contvenis,
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Cne genctype () had a significantly highsr R-value then that

(1962), These authors studied 7 plants derived from cromses of

tion TyezZrass {EJO}.“EII“, DeTEnTie I

perennial ryegrass and short rota

L, multiflorum). The plonts were clonzd and the clones grown in

w
“"J
i'~'
'I_J
51}
il

soil., UL the 12 minerzl constituents analysed, 10
vere under genetvic control and most showed significant herita-

bilitiee, Of interest to the pressnt study, these authors

mong the clomes., o significant A4if

=
m
]
o7
)
o
I..J .
oy
1
)
)
H
=
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~
w

erence in £ content was observed. In the presen

ficant Aifference in { conteant was found only whare plents

‘received HC,, Of the metallic cations, Ha displayed the largest

e

rapge in levelg in both the present situdy and what of Suitler e

2l., {loc.cit.).

A singolarly interesting poiat which has arisen in the

Fag

current work i1s that there was no indicaticn of

i

form interaction in defermining Tthe yield or wineral composition

test plants, Inspectiocn of the data in teble 3 showe

of the ¥ Fform which they received. There was some variation in

-

significant differencse bhetween particular genotypes

being lost with & changse from one J form tc the other, in sone

f.J
[N
v

thers o reversal of signiflcance; 2



plant wes never significently higher in the content of & varti-

and significantly lower

-~
i)

=
<O
H
=

the other. These results show, that under the

Tne apparent lack of any genoityps x K form interactio
szete that the results for ot I forms could probably he

- . = I

pooled for a single a@nalysis of varisnce, with an aittendant

L=

individual observations. Un Ghis
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basis siganificent differecances in in content could be detected
betwean gonctypes A and €, and in total 5 content between geno-
sypes U arnd J, as these plants ranked similarly when receiving

{e) OGorreletions Anonz the Charsclers 3Studied

Spearman's rank correlations wsre used to test for possibls

relationships among the genoiypes in the characters studied. The
correlation coefficienis were calculated for nuj and HH, separately
usging the relevaant 10 paired characiers.

Ho significant corrslations bebween yizld and the levels

of individuval elements was found, oxcept in the case of I, Tield

* A

content were negetively related, ilrrespective of U forum,

under the experimentsal conditions:
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¥ content of ryegrass herbage (figure 3, p.75) the writer has
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SOne Teserve in consldering tiie genstic control over I content:
28 a true genetic control over ¥ uptake. The resulis may have

-

seen partly a relflsction of growbth differsnces among the geno.

types, The lack of any systematic relationshinp betwesen yield

i
il
iy

and the Toliar content of the ofher elenments would sugges
true genetic control over absorption in the casge of the metallic

cations end . If increased yield had resulted in decresased

been expected as was the case with H, Clonversely, if decreased

content had caveed 2 reduction in yield Uy sub-clinical de-
ficisncy, a positive corxrelation would have been sxpected,
Yield end H—value were positively correlated;

10 - rooo= ot 0,702 (2 < .05)
» o=+ 0,56k {T < .10)

T S e G LT . ol 3
ngndlp bevween yield
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J +
poc)
H
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Both 1 content and total metallic cation coaleat were under genetic
control in the tzsv plants. Vhatever the contxol mechanisme,

they were apparently oxerted in an indepeandent waaaer, This lends

b L] - - capm R e ma] . - g o l" A
no support to the suggestion of Cumminghen and Hielsen {(1965)

ot

chat i metabolism end metalliic cation accumulation in ryegrass



are causally liaked e ¢ghse d antsgonism betwaen 414 and
- + T A
metallic cations in the current work (IV, B, 3) was apparently
- I A | . AT e wiTT =] I (.n\, I
not the Tesulit of Yecarrier competition” il B, 4, (L}, i})}).
If the &d), ion were in coumpsitltion foxr limited total transport
t

I g=lrad mpeatTive el o L=V BT o T [ R -\—t -

of cations, a amark2d negative relationship beitwesn N content and

total cation content would have Deen expectied in the
e plant (P contained more totalcations than all the other
plants whether receiving ?Lj or “Uu (® < .01), Similarly, the
obeerved antagonism hetween MU, and inorganic anions (IV, B, L)
m

vas apparently nod the result of czrrisr compedifion. There was

nt relaticuneship between & and total incrganic anion

(]
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)
(i
(13

T 3 £y x k
T wlf -~ D.152 Vil )
2
rTT ™ frm o
—‘il'.i_L['-——' “+ OOC‘LB \l"n-:'e}
Tue plents {3 and I) had a significantly higher I content than

{(p & ,05), The same sort of paraliellism amcng the geunotypes

znd their content of individual elements neld in all céses, with

ttle change in ranking between i forms (fable 3). Tnese date
therefore support the conclusica reached sarlier, that the sssimi-

G, and *Li by grasses in the current work was largely

indepeadent of the uptake of other ilonie speecies from the nedivn

ionic form of I per se.; 2 suggesilon whieclh has bheen dlscussed



correlation Leitween organic anions and ftotal

Tormer nave bezyn calculated as the eXcess of

zmoat two-Told in esach cage. The two chars

tively correlated:

+ 2
Mie ind ato et thoe oernastd cornTral e
118 LAJIcEnes THaZT 1@ Zernagylil conurol owvern

of divalent cations was linked Lo The genetic
organic snicn gccummlaetion 1n thess plan
vrevicus conglderaviocns to the e

is dependent oa enion accumulation in zlanis
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the intensity of ki, =2ssimilation would Dbe expected o

najor factor alfecting tihen, under thege conditions.

(ne of the privcipel alus in breeding pasturse grasses

ved varieties which are nct only

o)
o
)
<
I
I_.l
la)
I_}
=
<

productive, in fterms of sznual 3ud seasonal yield,but vhich are
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herbage 1o not an agricultural end-product, but & means towards
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in reasonably balsnced proportions (Whitehead, 135668). & further

cbjective in pasture plant vreeding, as currently practised in
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Tz the present work, differences have been found In the

levels of severgl major elements in the herpage of ryegrass, and

Mo estimates of heritability were m=ade, as the estimated sSrrox
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mineral compositicn of herbage can occur without any obsexvable
on yield, Similarly, Butler gt al., (1962} found
icant genetic correlations between growth and minarel

differences in ryegrass clones. This points to the desnger in-

t in plant breeding vhere Dl yizld ie the major criterion

of gelection, As critical ccntent of
g in Tyegrass herbage at which I fliciency may he exveciad
to affect yield dux approximately §,07%
of Mii. (De Wit et 21,, 1%63). The suggested "safe level for
herbage lg in relation bo the occcourrence ¢f hypomagunesaemia in

approximately thrse times the above figure, ICasture grass
for wineral content {vwhethe

direct, hy chemical anslyeses, or indirect, by grazing Lrials)

sivays allows She possibllity off selecting parent plants of un-
desirable minsrel compoesition, for instance of Llow Iy conteunt.

In thie respect, Hew Zealand may ve particularly vwulnerable as

major relianco ham been placed cn a very few zpecles ol pasturs

the corntent of

}_‘u

The relationship estahlishazd betvesy
crganic enions and total metallic cations, and betwesn organic

anions and ths relative vptake of divalsnt znd monoveleni me-

tallic cetiong, requirss verifiecstion uwnder Tield condiiticus,

and Aiffering I regimes. If this relationship holds true under
- JE A e - - 3 2 T e - - fag - fre e o

field ccnditions, grasses may e readily screenad for toal caii



-
AN

175,
end reiative divalent cetion conteni by vhe estimeiion of
ash alis.
form on
it Lhoge
minsral coavent of ryegrass
cifect wos quanititetively nmuch
greater, sspeclally for the metallic cntions, under the conditions

Cnder the conditions of theze experiments there was no

indicetion that cations snd snicnz are £bgoroed by grassss in

gzeess of anicaos

con 3,
ivrespective of il form, cccurred in ryesrass and sweed vernal in

such & way that 1t was largely independent o




major alements, widceh vould appear 4o warrvent furihsr investi-
Zation Thers wes no evidence 1o suggest that genelic conlrol

serics of ezpeviments., Whers ryegrass received !
lztion of orgenic anions was under genebic conitrel, 8s wag the

0o i 2 L 4 o - LI = . oy .
of Tthesge e_»cperlmenmo, gerie tic dlfferznces in the mineral commo-

ryegracs plants wsre agreater than the differences

cauged by the two IT forms, especizlly in the levels of metal

content of ryegrass undesr the ccnditions of The

- R R a- n . ...vn‘:l.. Ay
and genetlc control), causad 2 relaltively grea

the levels of divelent ceticns than in the zont

caticuns, Thig leads to the tentative suggesztion that divalent

gcide for trensport into the herbage of ryegrass, than sre the
ain sone oi the

the uptake of

[y
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SUMMIARY

Three glasshouse experiments were conducted to examine
some of the effects of HOB and EHH nutrition on the mineral
composition of two species of pasture grass. Ammonium nutrition,
when compared vwith HOB nutrition, reduced the level of total bases
in the herbage, especially Ca and rlg, and increased the levels of
total 5 and total P, The two N forms were equally effective
sources of mineral N, as determined by yield and total I content
of the test plants.

With ¥ nlants assimilated a large excess of anions, and

03,
with EH@’ & large excess of cations, There were some compensatory
changes in the uptake and accumulation of other ionic species from
the medium when the ionic charge of minersl ¥ was reversed, but
these were gmall in relation fto the difference in cation and anion
assimilation by the plants resulting from the change in # form, LT
vas concluded that ionic # caused conly a small degree of inter—
ference with other ionic snecies during uptake and accumulation in
the herbage of these grasses, oome possible plant physioclogical
explanations for the observed effects were discussed.

It was found that in ryegrass the foliar content of several
major elements varied widely among the plants, and was under genetic
control, The data for sweet vernal were not investigated for
genetic control over chemical composition.

Seasconal variation in the soil ¥ regime and subsequent
ciianges in the cnemical composition of pasture grasses were coa—

sidered as possible contributing factors to the seasonal appearance

of some disorders in ferm aninals,
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ATPPENDIX 1 YIELD DATA; EXPERIMENT I

.

ANATYSIS OF VARTANCE

Source of Degrees of 1 y F Calculated
Yariation Freedom Mean Square and Result
Replicates 9
Preatments I 3 543 .62
W 1 1,092,02 1.36 .3,
Sp 1 13,22 -~  N.S.
(¥ x sp) 1 525,63 - N.S.
Error 27 803 .66
Totsal 39

Coefficient of Varistion (V) = 1L.9%

MBLN YIRLDS AND THEIR STANDARD ERRORS (g. D.H,/Plant)

Sp Ryeprass Sweest Witrogen
R Vernsal Mesns
NO5 = 1.88 T 0.09 1.82 1.85 % 0,06
NHL‘.“N 1 .91 1 099 1 095
Species ,
o % & o
Means 1.89 = 0.06 o2

I Treatmentse

N = Nitrogen Form
Sp = Spaeics
(N x Sp) = (Witrogen form x species) interaction

[y

[
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APPENDIX 2 YIZLD DATA: EXPERIMENT II

ANALYSIS OF VARIANCE

Source of Degrees of _ ' ¢calculated
Variation Freedom Meen Square and Resul?b
Replicates S
Trestnents 3 364,087.03
N 1 9% ,122,50 Lo83 =
Sy 1 836,102,50 L5, 52  w%
(N x Sp) 1 161 ,036.10 8§.26 %
Error 26 19,260,115
Total 38 ' |

V = 15.5%

VAN YIELDS AND THEIR STAWDARD ERBORS (g. D.N./Plent)

3

Sp Ryesress Sweet Witrogen
w Vernal Feans
NO5-N 10,57 £ o.Lb 6.4 £ 016 8.59 T c.22
IH), - 10.27 * c.Lb 8.64 T o hh 9.45 £ 0,31
Specles 10,42 £ C.31 7.52 £ 0,32
Meang _

Detecteble diffevences § for nitrogen means within speeles
or for specles mesps within nitrogen forms:

Cl.oo5 = 1 eﬁB
d_oo,.i = f o?j
1 Detectsble difference at the 55 probability level = 4 o5
Detectable difference at the 1% probability level = 4



YIRLD DATA:

ANATLYSTS OF VARIANCH

205,

Source of Degrees of ! B calculeted
Varistion Freedon Mean Square and Result
Replicates g
Treatments 5 528 ,C31.59
Iy e 549 ,235.22 20.85 #
Sp 1 1,54%3,CL6.40 57.L3 # %
(K x Sp) 2 11,318.C5 - N.3,
Error L5 26,346,326
Total ! 59 |
V= 9.3%

VEAN YIELDS AND THEIR STANDARD ERBORS (z. D.M./Flant)

So Ryegrass Sweet Nitrogen
I Vernal Meang
MO 5~ 18,05 % 0.51 14.35 16,20 L 0,36
NI’IL}_.-N 18&3‘ 15013 1607)4-
|
Species 15,00 ¥ 0,30 15 .83
Means

Dotectable differences for nitrogen means:

«CH

d, 01

i
-
-
o
o]



APPENDIY 4

FOTASSTUM DATA:

EXPERIMENT 1

ANALYSTS OF VARTANCE

Source or ' Degrees of | Mean Square F calculeted
Variation Freedom and Result
Replicates g
Treatments 3 13 ,754.42
N 1 GsTThe22 - N.8.
Sp 1 %6,060.02 7.17 #
(X x sp) 1 L29,03 = N,S,
Error 27 5,029.13
Total 39
V = 8.9%

MEAN POTASSIUM CONTENTS AND THEIR STANDARD ZREORS (me.XH)

2 | pyegrass Sweet Witrogen
I Vernal Means
O z-N 77.9 * 2.2 8L146 81,3 £ 1.6
TH) % 76.4 8147 79.1
Speciza 77.2 % 1.6 83,2
Means

[
G
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APPENDIZ 5 POTASSIUN DATA: EXPERIMENT IT

ANALYSIS OF VARIANCE

Source of Degrees of F calculated
Variation Freedom Hean Square and Result
Replicates 9
Treatments 3 L6,549.4L0
N 1 16,728.10 6,32 &
Sp 1 104,857.60 39.6L %
(¥ x Sp) 1 18,062.50 6,83 %
Error 26 2,645.u2
Total 38
V = 8.,2%

MEAN POTASSIUN CONTENTS AND THEIR STANDARD BREORS (nme, K@)

Sp Ryegrass Sweet Nitrogen
N Vernal Heans
NO 5= 53.3 L 1.6 67.8 £ 1,7 [ 60.6 £ 4,2
I\THLI-“’N 61 n6 i 106 6736 t 1@6 6)-1-.06 i 102
Species . N
hleans 5705 b 102 6707 - 102

Detectable differences for nitrogen means within species
or for species means within nitregen forms:

o05 h¢7

6.1t

H

o 01
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APPENDIX 6 DOTASSIUN DATA: — SXPREINENT IIT
ANALYSIS OF VARIANCE
Source of Deprees of ¥ ecelculated
Varigtion Preedom Kean Scuare and result
Replicates 9
Treatments 5 80,071.22
" 2 101 ,203.87 0,09 =
Sp 1 138,144, 01 SL.35 %
(M x Sp) 2 211,202,022 9,h2 %
Error L5 2,5L1.91
Totel 59

V = L,3%

MEAN POTASSIING CONTENTS AND THEIR STANDARD ETRRORS (me. K% )

Sweet MNitrogen |
Vernal Means

O 1Y 191,99 £ 4.6 127,2 119.6 % 1,4

T (= 45

NHLI- I‘Oj -11_)e7 12702 Id1 05

NHu—N 107.0 108.9 108,90

Species . o

1115 = 069 121 61
Keans

Detecteble differences for nitrogen means:
a¢05 = 302
d.01 = L3
Detectable differences for nitrogen means within species

or for species means wWithin nitrocgen forms:

d.os = Wb

d o = 6



APPENDIE 7

ARALYSIS OF VARTANCE

SODI UM VATH

s+ EXPERIMANT I

209,

bt

Source of Degrees of P Caleulsted
M g
Variation Fredédom NMeel square snd Result
Replicates 9
Treatments 3 127 ,700,95
Sp 1 218,300.62 - W.8,
(N x Sp) 1 27,092,03 - N.8,
Error 27 33733302
Total 39
V = 26.8%
MEAN SODIUL CONTENTS AND THEIR STANDARD ERRORS (me. Naf)

Sp Ryecress Sweet Nitrogen
I Vernal KFeans
NO 5N 23.3 £ 1,8 2143 22,3 * 4.3
NHL}.-N 2106 2037 21 01
Species 22,5 + 1.3 04.0
Means




{%0
!
el

APPENDIX 8 SODIUM DATA: BXPARRINBYWT IT
ANMALYSIS OF VARTANCE
Source of Degrees of P calculated
Variation Preedom Mean Squere and Result
Replicates 9
Trestments 3 2,002,179.22
N 1 5’8889260.22 1’-}-059 R
Sp 1 10L,550,.,62 - N.59,
(N x Sp) 1 13,727.03 - N.S.
Error 26 L0354 .01
Totsl 28
v — 30¢ Cv’é

VEAY SODIUM CONTENTS AND THEIR STANDARD BRRORS (me. Kaf)
e ot Tt ~
Sp Ryegrass Sweet Witrogen
N Vernsal Meens
NO, - 25, £ 2,0 2he0 L 2,4 [ 24.8 ¥ 1,5
NH) -1 17.4 £ 2,0 16,7 £ 2.0 17.1 £ 4.4
Speciesg + +
Means 2t = 1e4 20.4 -~ 1.5




APPENDIX 9

SCDIUM DATA:

EXPERIVENT TTIT

ANATYSIS OF VARTANCE

e
-

Source of r Degrees of ‘ P calceulated
Varistion Freedom Mean Square endé Result
Replicates 9
Treatments 5 33,768.24
N 2 66 ,362055 9o26 Hel
Sp 1 32,295.40 Lo51 %
(N x Sp) 2 14910435 - .S,
Error L5 7,163.00
Total 59
V = 32.8%

MEAN SODIUM CONTENTS AND THEIR STAWDARD ERROR {me. N&f)

Sp Ryegrass Sweet Nitrogen
N Vernal Means
NO =N 2,83 ¥ p,29 3,48 5.15 £ 0,20
e
I‘THI.Q. NO3 2035 208_) 2059
Nﬁh-ﬂ 1487 2+13 2,00
Species +

Detectable

L]

Q

d

+ 01

« 05

= 0.54

0.72

it

differences for nitrogen mesns:

[




APPENDIX 10

T

MAGNESIUM DATA:

BXPERIVENT T

o
l__.'
™

AMALYSIS OF VARTANCE
Source of Degrees of F caleculated
Variation Freedom Mean Square and Result
Replicates 9
Treatments 3 288,719.03
I 1 105 ,884.10 3.11 (p<10)
Sp 9 760,104,990 22,30 e
(N x sp) 1 168410 - .S,
Error 27 34 ,05%5-50
Total 39
V = 1h.3%

MEAN MAGNESTUM CONTENTS AND THEIR STANDARD ERRORS (me. Ngh)

vegrass Sweet Nitrogen
Vernal Hleans
NO3wN 11,8 £ 0,6 12,0 17,0 % 0.1
NH, ~N 11.0 12,1
Specias .
- !
Vsans 14,3 Oady 11.5




APPENDIX 14

MAGNESIUM DATA

-
L3

EXPERIMENT IT

ANALYSIS OF VARIANCE

MEAN MAGNESTUNM

Source of Degrees of ] F caleculated
Variation Freedom lieen Souare end result
Replicetes 9
Tregtments 3 254 ,1165 .76
N 1 694 ,586.,02 10,56 %
Sp 1 Lh.22 - K.S.
(N x Sp) 1 68,807.03 1,05 N.S,
Error 26 65,775.08
Total 38
V = 18.0%

CONTENTS AND THEIR STANDARD ERRORS (me, Mg%)

Sp Ryegress Sweet Nitrogen
N Vernal Means
NH, -N 13,3 ¥ 5,8 12.5 ¥ 0.8 12.9 ¥ 0,6
Species
+ +




APPENDIX 12 MAGNESTIUM DATA: EXPERITMENT 3ITI

ANALYSIS OF VARTANCE

r Source of Degrees of f_F caleulated
Variation Freedom Mean Square and Result
Replicates 9
Treatments 5 50,734.00
N 2 L7,874.05 30,43 #=
Sp 1 154,635.27 98,28 %
(¥ x sp) 2 1 ,643.32 1,04 .S,
Error 45 1,573.40
Total 59
V = 14.3%

MEAN MACNESIUM CONTENTS AND THEIR STANDARD ERRORS (me, Mg@)

Sp . Sweet Nitrogen

* Ryegrass
N Vernal Heans
NO,-N 38.8 ¥ 1,3 27.6 33.2 £ p0.0
I\IHLIr No3 31,9 20,7 26,3
NHL[_"N 2708 1907 2308
Species +
Means 32,8 = 0.7 22,7

Detectable differences for nitrogen mesns:

d = 2.5

«05

= )
d_ o4 = 3.4
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APPENDIX 13 CALCIUM DATA: BXPERIMLNT I

ANALYSIS OF VARIAWNCE

Source of Degrees of F Caleculated
Variation Freedom Mean Square and Result
Replicates 9
Treatments 3 26,632,02
N 1 13,653.02 2.56 (D .15)
Sp 1 65,529,02 12.29 *H
(N x Sp) 1 714,03 - NS,
Brror | 27 5,334,06
Total 39
V = 19.3%

MEAN CALCIUK CONTENTS AND THEIR STANDARD ERRORS (me. Ca%)

Ryegrass Sweet . Nitrogen
N Vernal Me ans
NOz N Wit T 2.3 35.2 39.6 % 1.6
)N 39.6 32.3 35.9
Species +
Means L4t.8 - 1,6 337




APPENDIX 14

CALCIUL DATA:

EXPERIMENT II

ANALYSIS OF VARIANCE

a
J-
[OxN

Source of Degrees of F calculated
Variation reedom Mean Square and Result
Replicates 9
Treatments 3 L9,528,80
N 1 85 4377.60 13.75 Fw
5P 1 56 4550.40 9.t1  E%
(N x Sp) 1 64658.40 1.07 N.S,
Error 26 6,210.48
Total 38
V = 26,.8%

MEAN CALCIUM CONTENTS AND THEIR STANDARD ERKORS (me. Caib)

Sp Ryegrass Sweet Nitrogen
N Vernal Keans
NO5-N 36.5 ¥ 2.5 31,6 £ 2,6 34,0 11,8
| NE, -N 29.8 * 2.5 19.7 = 2.5 24.8 ¥ 1.8
Spegies 33,2 + 1.8 25,7 £ 48
Means ¢ ¢ * *




APPENDIX 1

CALCIUM DATA:

EAPERIMENT TTT

ANALYSIS OF VARIANCE

217,

Source of Degrees of ' Calculated
3 [ a2
Variation Freedom Hean Scuare and Result

REeplicates 9
Treatments 5 16,291 ,60

N 2 33,239.85 63,07 *#

Sp 1 15,539.27 27.59 #=

(N x Sp) 2 219,52 - N,S.
Error B 527.0L
Total 59
MEAN CALCIUM CONTENTS AND THEIR STANDARD ERRORS (me. Ca%)

Sp Ryegrass Sweet Fitrogen
N Vernal Keans
NO5-N 20.0 ¥ 0.7 16.5 18.3 ¥ 0.5
. 2.2 13.
NH& N03 15.6 12 3.9
NHA—N 11.3 9.0 10.1
Species
o+
Moans 15.6 T Q.U 12.5

Detectable differences for nitrogen means:

d,05

1.5 d

+01

2.0



APFENDIX 16

23C DATA:

EXPESRIMENT T

ANALYSIS OF VARIANCE

YEAN Y C CONTENTS AND THEIR STANDARD ERRORS (me.n C%)

¥ ¥
Source of Degrees of P Celculated
Variation FPreedom Meen Square and Result
Replicates 9
Treatments 3 36,374L.03
i} 1 73 ,874.05 6£.36 #
Sp 1 33,698,05 2,90 H.S,
(N x Sp) 1 1,550,00 - N.S,
Error 27 11,618,64
Toteal 39
V = Te1%

, - | .
Sp Ryegrass _? Sweet Nitrogen
N Vernal Means
NO 5= 160.1 £ 3.4 153,14 156.6 £ 2.4
Species
155.1 t
Yeans 55 2.4 | 149.4




APPERDIX 14

22C DATA: EXPERIMENT IT

ANATYSIS OF VARTANCE

3]
et
D

MEAN S C _CONT

T
T

Source of Degrees of P calculated
Variation Preedom Mean Square and Result
Replicates 9
Treatments 3 100,356.96
N 1 252,333 ,22 16,70 #*
Sp 1 Lh,182,02 - N.S.
(¥ x Sp) 1 44,555.63 2.95 N.S.
Error 26 15,107.55
Total 38
V = 9¢7%

S _AND THEIR STANDARD ERRCRS (me. 33C%)

3p Ryegrass Sweet Nitrogen
N Vernel Keans
NO 5N 130,L ¥ 2,9 139,14 ¥ 4.1 14zu.7 T 2.8
NH) N 129.,2 ¥ 3,9 146.5 £ 3,9 | 118.,9 T 2.7
Species 125.8 2 2.7 | 127.8 * 2.8
Means



APPENDIX 18

EEIC DATAS

EXPERINMENT IIT

ANATYSIS OF VARIANCH

[
]

[

Source of Degrees of ¥ Calculated
Varietion Freedom “ean Square and Result
Replicates 9
Treatments 5 199,010.19 S
N 2 L478.418.85 76.21 ==
Sp 1 15,073.35 2,40 N.S.
(N x 3p) 2 11,569.95 1,84 ¥.S,
Error L5 6,277.64L
Total 59
V = 9,7%

MiAN 2 (C CONTENTS AND THEIR STANDARD ZRRORS (e . 2.04)

Sp Sweet Nitrogen
N Ryegrass Yernal Means
NO 5N 173.5 * 2.5 174.8 174.2 ¥ 1.8
NHu NO3 165.5 162.9 16L.,.2
NHA-N 147.9 139.7 143.8
Species
162.3 ¥ 1.4 159.1
Means

Detectable differences for nitrogen means:

d

a

.05 =

« 01 -

5e1

= 608




APPENDIX 19

SULFIIUR DATA:

EXPERIMENT I

ANALYSIS OF VARIANCE

MEAN SULPHUR

Source of Degrees of F Caglculated
Variation Freedom Mean Square end Result
Replicates 9
Treatments 3 560,740.69
N 1 196 ,420,22 7.87 &%
Sp 1 1,461 ,150.62 58.57  *x#
(N x sp) 1 2l ,651.23 - N.S.
Error 27 2L,945.4L9
Total 39
V = 7.6%

CONTENTS AND TEEIR STANDARD ERRORS (me, S%)

3p Ryegrass Sweet Nitrogen
N Vernal Means
NO 5 =N 21,77 ¥ o.50 18 140, 20.10 ¥ 0.35
NHLI._N 23n66 19-3’-’- 21 050
Specles +
- 22,71 = 0,35 | 18.89
Means




APFENDIX 20 SULPHUR DATA: EXPERIMENT TT

ANALYSIS OF VARIANCE

—

Source of Degrees of F Calculated
Variation Ereedom Mean Square and Result
Repliceates g
Treatments 3 L8,86%,30
N 1 73 ,4414.,90 28.29 =
Sp 1 36,120,10 13,91 %=
(N x 5p) 1 31,0244.90 11,95  ws
Brropy 26 2,596.25
Total 38
vV = 21.2%

MEAN SULPHUR CONTENTS AND THEIR STANDARD ERROBS (me. S3)

1
S +
P Ryegrass Sweeot Nitrogen
N Verna 1 Means
NH, -N 3h.2 £ 1,6 22,6 £ 1.6 28.L 21,2
Species 27.1 T 44 21.4 1.2
Means

Detectable differences for nitrogen means within species
or for species means within nitrogen forms:

d L.7

«05

i

d oy = 6.3



APPENDIX 21

SULPHUR_DATA:

DXPERIMENT TIT

ANATYSIS QF VARTANCE

MEAN SULPHUR

Source of Degrees of I calculated
Variaton Frecdom Mean Sgquare and Result
Replicates 9
Treatments 5 150,47 .31
) 2 157,%21.72 31,05 el
Sp 1 439,984,06 86.50  ®%
(¥ x 8p) 2 8,272,02 1.63 .S,
Error b5 5,086.33
Total 59
V = 19.9%

CONTENTS AND THEIR STANDARD ERRORS (me, S7)

3 . : .
D Ryegrass Sweet Nitrogen
N Vernal Means
NO 5 =X 33.2 1 2.3 20.8 27.0 = 1.6
NthO3 L5 .6 25.8 35.7
NHLI-"‘N 5’-]-03 3592 LIJ"!OB
Species +
Means ,-]-,-I-OJ-I- -1 .0 27 '3

Detectable differences for nitrogen means:

d

s = e

.01 = 6.1




APPENTIK 22

ANALYSIS OF

T
i}
)
V3
)
a3
)
e
=
an

o
B
=
[ ]

Source of Degrees of F calculated
Variation Freedom Meen Square and Resuit
Replicates 9
Treatments 3 5,23L,16
™ 1 13,801.22 17,28 %
Sp 1 1,L0L,22 1.76 F.3.
(1 x Sp) 1 L97.03 - N,S.
Zrror 27 796.62
Total 39
Vo= 12,73

MEAN PHOSPHORUS CONTENTS AND THEIR STANDARD ERROES (me, D)

A
" S Sweet o
D Byecpass ee Nitrogen
N Vernsl Means
O =N 20,7 ¥ 0.9 20,2 20.5 ¥ 0.6
1\}—HLL-N 25&1 23 L) 2 2’—‘—02
Snecles +
\Eeans 220’9 - 0.6 21.?




APPENDIX 23

PHOSPHORUS DATA:

23

=]

EXTARIMENT TT

,_
g

ANBALYSIS OF VARTANCE

225,

Source of Degrees of P calculated
Variation Trecdom Hiean Squere and Result
Replicates e
Trestments 2 3,829.73
N 1 g8,584L,70 2L ,05 =
Sp 1 1,088,20 he17 (p = .06)
(N x Sp) 1 1,416,.30 3.97 (p = .07)
Error 26 356,92
Total %8
vV = 11.3%
WEAN PHOSPHORUS COHTENTS AND THEIR STANDARD SRRORS (me, PL)

Detectable differences for nitrogen

el

d

<05

301

Sweet Nitropsen
Vermal Meang
MO -N 1,05 £ 0,60 | 16,56 £ 0,63 115,26 T 0,43
WH, =X 18,47 ¥ 0.60 |} 18,20 £ 0,60 }18.19 I o.u2
Specles 16,11 £ ou2 | 17.33 £ 0.03
Teans

means within speciess

or for species means within nitrogen forms:

1.82

2,416

(Calculated to allow for missing plot)




APPENDIX 2L

W

ANATYSIS O

PHOSPHORTS

DATA; FXPARTUENT I1TT

VARTATCE

Source of Degrees of I calculated
Variation Areedom ¥ean Square and Result
Replicates >,
Treatments 5 2,9u6,18
N 2 3,79L.72 9.0
Sp 1 5,2L5.35 13,00 =%
(N x Sp) 2 AWB.05 2.35 ¥.9.
Brror L5 L03.58
Total 59
Vo= 8.9
WAl PHOSPHORUS CONTENTS AND THEIR STANDARD ERRORS (me, FZ)
Ryearass Swaet Nitrogen
Vernal Means
IO 5~ 21.56 % 0,64 21.28 21,2 T 0,l5
Species 1 oo3.61 % 0.37 | 21.7h
Keans

Detectable differences for nitrogen meens:

d

a

1 '28

«0h
171

« 01




AFPPENDIX 25 CHI.ORIDE DATA: BXPERIMENT I

ANATLYSETS OF VARTAWCE

Scurce of Degrees of ) F Calculated
Variation Preedom geen Souare and Result
Replicstes 9
Treatnents 3 14805.43
Iy 1 756.90 - N.5.
Sp 1 L1 4536,90 2s45 N.3,
(W x 8p) 1 122,50 - N,S,
nrror 27 1,852.10
Total 20

V = 907,7:

MEAN CHIORIDE COMTENTS ANMD THEIR STANDARD WRRORS (me. CI%)

Sp T Dyecress Sweet Nitrogen
i ' Vernal Yeans
1 T ¥ i h *
.-\]03"'1\: Ll-L]»e9 - 1QL!- Ll-3.1 -—ph—no - 1:0
NHM—N L6 .1 h3.,6 Lli,8
Species 5.5 % 1.0 43,3
Means




228,

APFPREDIXK 26 HIORIDE DATAs EBXPERIEENT IT
AMATYSIS OF VARIAIICHE
3ource of Degrees of [ F ecalculated
Variation Freedom Fean Squere end Result
Replicates 9
Treatments 3 13,005.77
N 1 13,98?.60 3.66 ‘EG—CSO
Sp 1 3,571.80 - HeSe
(M x 3p) 1 22,657.90 563 =
Error 26 3,818.93
Total 38
VvV = 274
MEAN CHLORIDE OONPENTS AND THEIR STANDARD ERRORS (me, CI%)
3 Sweet Wi
i Sp Ryearass = Nitrogen
N Vernal leans
MO, It 2.3 % 2,0 177 = 241 21,0 £ 1.4
NH,,~N 23,3 £ 2,0 26,2 L 2,0 2h.7 ¥ 1.4
Species 3 .
23.8 T o ¥
Means 23 1L 22,0 1.0

Deteetlsble differences for nitrogen means within species

or for species means withir nitrogen forms:
d = 6.0
+05 *
d = Sal
201 *

(eslevlated to allow for missirg plot)



APPENDIX 27 T34 DATA: EXPERIENT I

AMALYSIS OF VARIANCH

Source of ' Degrees of I calculested
Veriation Treedom Hean Square and Result
Replicates °
Treatments 3 29,75L.62
- 1 35,700.62 15,00 =
Sp 1 54,051 ,02 . 21,45
(¥ x 9p) 1 2,512.23 1,06 .3,
Error 27 2,380,580
Total 39 I

T = 5.6%

MOAN 204 CONTENTS AND THEIR STANDADD EDRORS (me, 2345)

] Sweet- nit 7 - Mf
Sp Ryegrass > ittregen
N Vernal leans
O 5 = 87.3 £ 1.5 81.8 8leS T 1.1
Nﬂh—N Sl Q 86,2 90.5
Species .
i ¢
Means shel =144 8l.0




APFINDIX 28 i

HAnE
L l A

AT

L By £ B

T T AT
RSO

OF YARILNCA

Source of Degrees of ¥ caglculated
e s . Heen Souare N
Varistion Freedon el sau and Resuld
Replicates 9
Treatments 3 78 ,107.49
i 1 201 ,L958,02 hOL.11  #%
3D 1 31,753.22 7.90 =
(19 = 3p) 1 1,071.23 - 7.3,
Brror 26 L,020,80
Total 38
Vo= 10,08
HRAR T4 COFFTRNTS AUD THRIR STAVDARD SRRORS (me, $3:%)
Sweet Hitrogen
Verngl lieans
- o +- - + +
I'IOE"I‘Q 5001—1- <~ 2.0 5398 - 2.1 56.1 - 1 05
" 2% £+ ~ - . +
l'{}lb"'l'- 74.0 = 2.0 6.9 £ 2,0 703 4 1.4
Cm e e =4

Smacies
T !
Meang 66.0 1ol

I.I.

604




STh

LT
L L

SAFPERIVEFT T

231,

Source of Jegrees of B calevlsted
Varistion FPreedom Hean Square snd Result
Feprlicastes S
Preastments 5 186,258,L3
X 2 179,850,352 35,92 W
5D y 541,880,065 108,23
(IT x 3p) 2 14,855.72 2,97 1435,
Hrror L5 5,006,52
Total 549

MIMAT 20 A 003

i

PR
ENDIR]

v

i

SUATDLRD DRROES (

-
M2
-]

i

[

Sp S 73
Swa Fitrog
Ryegrass et rogen
] Vernal tleans
— H +
MO, =1 5.8 T 2.2 B2 L8, = 4.6

3

716

78.1

B AT Rt e et T

59.8

Species -
i 68.0 £ 1,3 19,0
Means
s . - - - ]
Detecisble dilffevences for nitrogsn means:

d

005 }—{—05

. 01 6.0




HAPHRTEETT 30 HITRCGEE DATAS

— - - B R —
Source oX Degrees of ¥ calculaned
. . . mean Hounare 5
Veristion Precdom SCUAT and Result
Repliecates e
Tregtn 6

i
o
[}
Rb]
v

n
Q

i
=
o

\;
a3

6L0,00 - N.3,
56,3090

o H
K3

p O
13 = .
e

N RN

LI . vy e By

v

fi
o
L
A7
o,

3o . Sweeat Witreosen
Ureorass

IR Yarnal eans

- [ S— R E

.7, - . ""_ v
O, =i els T 8 252 2he = 5
—

st s bt - i B Erayo ik

H, = 21,9 251 251

T ey

]
ie]

ted

o @

Iy 0

e

v o
o
N
i

it

192
A
n
H




A
Lo

KTTROGENW DATLe  BATIANRTLAKT TT
UTAIYSTS OF 05
S -
Source of Degrees of F celeulated
o - liean Sguare -
Veriation Mreedonm ' = and Hesult
Replicates 9
Treatments 3 15,4L6,49
4 1,452,002 2.95 (p<10)
3p 1 111,409 ,22 83,99 %
(F = sp) 1 3,473.23 7,05
_._arlqo'p 26 1193 L] 03
Total 35
V o= 10.85%
BSAR FITROCHET COHTANTS AFD THRIR STANDALZD AZROES (me. X35)
S Ryesross Sweet Witrogzen
N Vernal eans
- el
HO 5~ 170 £ 7 253 L 7 241 L 5
. + + +
HHQ—N 176 = 7 222 - 7 199 - 5
o .
3pecies S +
173 = 5 237 = &
Veans

Detectsghle

or for species mesns within

= 20
= 28

ni

nces Tor nitrogen means within species

trogen forms:

)



< e

Source of Senpasgg nf T calculated
roen Scousar .
Varistion Preasdom S-GEI SCUATE end Result
Beplicates o
Trestments 5 2,4L21,66
i 2 3,631,.52 11,29
Sp i L,318.01 13 .02 #
(71 = 3p) 2 263,62 - ¥.3.
i Tror L5 I 6%
Total 59

SD Sweet Titrogen

T Terngl 'esns

oI 28i,1 £ 5,7 306, 4L 296,58 ¥ 1,0

MEEy =l 3177 329.7 323.7

omnc | 301.7 T 3.3 | 318.7

C_[ = = 14-ni+
e D
o = 154:3



AT e AT A TRASTATSTT )
ARPTIVIDYE 3_5 DN TREmIl NS
Agian s D2 =
FTTLTARI
sl Al T '-JII O ti
Sour¢s of Derwnzeg of B caleulated
F - =
- . o Lasn Scusre
Trrisztion Traadon = and Hesnlt

i)

Sp

(mx &
Rrror

Replicates

Lo

Trasgtments

[
ny
-~ = L)

0

Al

I_l

A=
°

in =
%]
»

[y

Y]

O AD 1T
Sl & B
l H

PHsIR STANDARD |

BRRORS (me, 24

D .-._,et

Vernal

Mitrozen

eans

334
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I Ee]
APPREDIX 3L 235 4 3 DATA:  BETEITIONT 11
ANALYSIS OF VARIANGE
e s TaT) f' Thmretmm oo . T C‘-’WC".l‘:‘JL}Cf:

20UrCcE O BRGNS CCE O - Che e b
=T -~
- MEEN DOUuSPe .
Fregdom - and Zasult

Veriation

Reprlicates Q
Tractments 3 12,010.57
% 1 122,50 - .S,
S 1 32,947.60 6L 5T Hs
(* x 3p) 1 L1614 ,60 8.L0
Trror n6 Los Lo
Potal 55
K = 803,.}
L F COUTZNYS S0 TERIR STAVDARD ERRORS (me. 204 4 104D

~ Swag Titrosen
Ryegrass % itroge
Vernal Yegng

O 2T 223 L 7 306 ¥ 7 267 * g

-
H, = cre L7 08g L 7 270 t g
e T e A 05 - U~ 3

(3

- ™ =
i o
Specles + 4

2he = 5 297 £ 5

HMeansg

Detectable

zrences for

or for

= 21
= 28

nitrozen means within epecies

specics means within nitrogen forms:
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APYENDIN 35

2.5 4 N DATA:  EXPRRIMENT I1T

frate o e —

— g v S i e
- Source of Decrees of ! F calculetad

. . ~ Mean Scuare -
Yaricticn Freedon - She ané Reenlt

Yt e e e T g - 2 ot o b . e e g o g Al s e e et e el R e e, s e

Eenlieates g

rrestments 5 L.573.27
2] 2 10,612,27 20.BL  #
Sp ’1 56.10 bl -3-&@:
B x Sp) 2 92,8 2,24 T2,

F
Brror L5 A5¢,21
Totel 55

Vo=

n
e
-
78

T o i T T e VI T M 5
MIAT 2sf o W COFTEITTS A
.

o . 8 !
A . Sweel HLTIoZen
2 o . . i ]
“ Ryenress
i Verna Faansg
B e e -
e s

EHL He - 27L.6 365,.8 370.2
N, - 380.8 386.2 291.0

e ens
Dateclishile differences Tor nitrogen means:

d = 126l
05 ¢

dgo'i = 16:?
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APPENDIX 357

—————— ——

EXPERIMENT 11

ANALYSIS OF VARIANCE

I
L

MEAN VALUES FOR THE RATIO

Source of Degrees of F calculated
Variation Freedom Moen Square and Result
Replicsates 9
Treatments 3 2,318,728.22

K 1 55996,179.22 5L.29 ¥

Sp 1 784 ,840.22 7.11 %

(¥ x Sp) 1 175,165.23 1.59 N.S,
Error 26 110,449.67
Totel 38

2.0

23A AND THETR STANDARD ERRORS

——

Sp

Ryegrass Sweet Nitrogen
N Vernel Means
NO 5 N 2.2 % 0.105 2,654 £ 0.111 | 2,448 ¥ 0,076
NH) ¥ 1.599 ¥ 0,105 1,747 ¥ 0.105 | 1.673 % 0.07L
Specles + +
Vesns | 1920 T 0.074 2.201 % 0.076




240,

2.0
APPENDIX 38 RATIO %.A DATA: EXPERIMENT III
ANALYSIS OF VARIANCE
Source of Degreas of F calculated
variation Freedom Mean Square and Result
Replicates 9
Treatments 5 68,009,085
N 2 111,413.62 91,87  *=
Sp i 111,718.35 92,12 k=
(N x sp) 2 2,749.85 2.27 N.S,
Error L5 1,212.69
Total 59
V = 11.9%
$C

MEAN VALUES FOR THE RATIO J5A AND THEIR STANDARD ERRORS

Sp Ryearass Sweet Nitrogen
N Vernal Yeans
NO, ¥ 3,236 ¥ 0.110 4el193 3.715 ¥ 0,078
: Z
NHlL N03 2.355 2.3 2.873
N-HLL-N 1 .928 2.52’-}- 2.226
Species | 5 cog T 0,06h | 3.369
Means

Detectable differences for nitrogen mesns:

4

.05 0.222

H

4

.01 0,296



o

APPENDIX 39 R VALUE DATA: BEXPERIMENT I

ANALYSIS OF VARTANCE

Source of Degrees of I' ealculated
Variaetion Freedom Mean Square And Result
Replicates 9
Trestments 3 55956683
N 1 13,690,00 6,27 »
Sp 1 34572440 1.64 N.S.
(N x sSp) 1 608,40 - N,.S.
Error 27 2,18L,.65
Total 39
V - 10.30
MEAN R VALUZS AND THEIR STANDARD ERRORS
*\\\\\\f? Ryegrass Sweet Nitrogen
N Vernal Means
NO 5N 0.485 ¥ 0,015 0.459 o0.472 ¥ o0.010
NHJ-]--N 0:1’-“41 0.’4—30 0.’-‘[35
Specles
P 0.463 t 0.010 o.hhly
Means




APPENDIX 4O

R_VALUE DATA:

EXPERIMENT TII

ANALYSIS OF VARTANCE

AN

Source of Degrees of F calculated
Variation Freedom Mean Square gnd Result
Replicates 9
Treatments 3 52,250.11
N 1 52,056,22 20,95 #*
Sp 1 99,700.,22 Lo,12 =%
(N x Sp) 1 4,995,23 2,01 N.S.
Error 26 2,452%5°02
Total 38
V —_— 10.11-%
MEAW R VALUES AND THEIR STANDARD ERRORS
Sp Ryegrass Sweet Nitrogen
N Vernal Vieans
NO 5= 0.577 % 0.016 { 0.454 % 0,017 0.515 ¥ 0,011
NH, =N 0.482 * 0,016 | 0.405 £ 0,016 0.443 % 0.011
Species + +
Mearls 00529 - 00011 O-h29 b 00011

fas



APPENDIX 41

R VALUE DATA:

EXPERIMENT IIT

ANALYSIS OF VARIANCE

Source of Degreoes of [ ® calculated
Variation Freadom Mean Square end Result
Replicates 9
Treatments 5 38,272,779
N 2 9),590.82 106,67 **
Sp 1 1,041,.66 1.17 N.S.
(¥ x Sp) 2 570.32 - N.S,
Error L5 886,79
Total 59
V = 6.5%
MEAN R VALUES AND THEIR STANDARD ERRORS
Sp Ryegrass Sweet Nitrogen
N Vernsl Means
NO ;=N 0.514 £ 0.009 0.498 0.506 % 0.007
NHLL N03 O.L4hh 0.447 0.L445
NHu‘“ 0.376 0.363 0,369
Species + ’

Detectable differences for nitrogen means:

d.05

d. 04

= 0.019

0,025



CLTION UPT.

)-q- O-\I

UTTAK

& DATA:

AWALVEIS O Y.RTATCR
(a) Degte from KO ~N Treatment
-
Source of Dezrees of ¥ caleculated
. lean Bousre o
Variation Freedom - < and Result
Replicates a
SpBCiBS Ji 3,53?680 1¢2LE |\.Sc
Brror 9 2,853,891 .
Total 19
Vo= 11,35
(b) Detz Pfrom I -1 Treatment
L
Source of Segress of ¥ caleulated
. . - esn Scuare —
Vayiation Treedom - = and Result
Eevlicates a
Specles ©13,781,25 11,29 =
Error 9 80,899,.31
Total 16
= 6.3
CATTIORE URTAYE
AN VALUES FOL 99 RADIC AWION UPTAVE, AITD THOIR 3TMANDATD ERRORS
_ Svieet Kitrogen
Ryeorsss v TC8
Vernsl Feans
10 =37 0,185 £ 0,017 0,L59 ¥ 0.,017| o.L72 L 0.047
- - + "
NH, -1 L.212 < 0,090 LU0 = 0,090 L.L26 % 0,06l




CATION UPTAKE
RATIO ANION UPTAKE DATA:

EXPERINENT II

APPENDIX L3

ANALYSES OF VARIANCE

(a) _Data from NOz-N Treatment

Source of Degrees of F calculeted
Variaetion Preedom Mean Square and Result
Replicates 9
Speciles 1 69,738.05 12,12 %=
Error 8 5,756.,18
Total 18
V = 14.7%
(b) _Data from NH) -N_Treatment
Source of Degrees of F calculated
I
Variation Freedom Mean Square and Result
Replicates 9
Species 1 6,541 ,824.05 28,69 %=
Error 9 228,121.38
Total 19
1
, . CATION UPTAKE
MEAN VALUES FOR THE RATIO Z3 6N BTAKE, AND THEIR STANDARD ERRORS
3
P Ryegrass Sweet Nitrogen
I Vernal Means
NO5~N 0.577 ¥ o.024 {0.458 ¥ 0.025 }|0.518 * 0,017
NH), N 3.9u4 £ 0,151 | 5.088 ¥ 0,451 |L.516 ¥ 0.114




APPENDIX Lh

CATION UPTAKE

RATIO ANION UPTAKE DATA:

2,

EXPERIMENT ITT

ANATLYSES OF VARIANCE

(a)  Data from NO

z=N Treatment
-

réource of Degrees of F celculated
Variation Freedom Mean Square and Result
Replicates 9
Species 1 1,248.20 - N.S,
Error 9 1,642.87
Total 19
V - Bg%
(b} Dats from NH, -N_Treatment
f
- Source of Degregas of F calculated
variation Freadom Mean Square end Result
Replicates 9
Species 1 29,248 ,129,80 27,40 %
Error 9 1,067,434.13
Total 19
V - 1L|-02%

CATION UPTAKE
MEAN VALUES FOR THE RATIO ANION UPTAKE, AND THEIR STANDARD ERRORS

Sp Ryegrass Sweet Nitrogen
N Vernal lieans
NO 5~ 0.514 £ 0,013 | 0.498 % 0,013 0.506 ¥ 0.009
NH), ¥ 6,073 £ 0.327 | 8,492 % 0,327 7.283 L 0,237
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APPENDIX L5 SUMMARY OF NITROGEN RESULTS AVERAGED OVER BOTH SPECIES

YIELD METALS (me. %) NON-METALS (me. %) RATIOS
Goml e e e [oo Praeid [0 |2 [ o [Fidim] o pmomie |2 |2, |
Ste) (224) (ZA + N) 2 A |Value | Anion
Uptakel
EXPERIMENT I ,
N03-N 1.85 81.3 | 22.3 [13.4 | 39.6 | 156.6 [ |20.1]20.5 [un.0 8L.5 249 333 1.859| 0.472 | 0.472
NH) -N 1.95 79.1 | 21.1 2.4 | 35.9 | 148.0 21.5 | 2h.2 |uk4.8 90.5 251 342 1.639| 0.L435 | L.L26
Result N.S. N.S. | N.S. |p<e10 Pelb * 1 ek | ** |IN,S, ** N.S. N.S. o # o
EXPERIMENT II :
NO 5N 8.49 60.6 | 24.8 [15.6 | 340 1347 19.81 15.26| 21.0| 5641 211 267 2,448| 0.515] 0.518
NH) -N 9.45 6L.6 ] 17.1 |12.9 | 24.8 | 118.9 28.&» 18.19| 24.7 70.3 199 270 | P.673| 0.uk3| L.516
Result * * e e ok e s et o o % N.S. % 3k N.S. X.S. 0 o ok
EXPERIMENT IIT
NOB-N 16.20 119.6 | 3.15| 33.2| 18.3 | 174.2 27.0| 21.42 - 48l 296.8 345.0 3.,715| 0.506| 0.506
NH) NO; |19.30 121.5 2,59 26.3| 13.9 | 16L.2 | | 35.7| 24«15 - 59.8 310.2 370.2 2,873| 0.4l5 -
NH) -N 16,74 108,01 2.00| 23.8} 10.1 | 143.8 L8| 22.47 - 67.2 323,.7 391.,0 | |2.226] 0.369] 7.283
Result ek *» e "k de e ek ok - e o ek 0 e | e % ¥
4. Y j |




EXPERIMENT I

=N
NO3

Pl 11
NH,4 N
Result

EXPERIMENT II

0_=N
N 3 N

NH, =N
in

Result

EXPERIMENT IIT

APPENDIX 46 SUMMARY OF RYEGRASS RESULTS

=N
NO3 N

NHH NO3

NHu-N

Result

YIELD VETALS (me. %) NON-METALS (me. %) RATIOS
(g. D.M, me. sum me. sum| me, sum of}| =g Cation
Fol et K Na Mg Ca of metals | S P CI |of anions N non-metals|| = Uptake
(X0) (.7 8) (A + N)| 224 | value | Anion
Uptak%
\
1.88 T1e9 1 23.3 | 14+8 | Lhe 160.1 21.8 | 20.7 |u4kh.9| 87.3 245 333 1.8’41‘ 0.485 | 0.L85
1.91 (76.L | 21.6 | 1B.7 | 39.6 150.3 2357 | 25.1 | 461 94,9 249 343 1.585| 0.Lu1 | L.212
N.S. | N.8. N.S. €10 p <15 - i . (| H.8; » N.S. NeSe L * o
|
10.57 53.3 | 25.4 | 15.1 | 36.5 | 130.4 || 20.0 | 14.05 |2u.3] 58.4 | 170 228 2.241| 0.577 | 0.577
10.27 61.6 174 13.3‘ 29.8 121.2 3he2 18.17 | 23.3 73556 176. 252 1.599] 0.482 | 3.944
N.S. s " o "k o e #* |N.S. "ok N.S. * N ok
18.05 1119 2.83 38.8 20,0 1735 33.2 21,56 - 5448 28L..1 35847 3.236| 04514 | 0.51L
20,62 1157 2435 31.9 15.6 165.5 L5.6 25.48 - 711 303.4 37hL.6 2.355{ O.LLh -
18.3L 107.0 1.87 2748 113 147.9 5Le3 23.80 - 78.1 317.7 395.8 1.928] 0.376 | 6.073
*¥ ok ok ok | ww ok *x *% " o 0 o ok L ok *
|




BXPERIMENT I

NO -

3
NthN

Result

BEXPERIMENT TI

-
N03

Result

EXPERIMENT ITT

NO._.=N
NO4

NHM-Hoj
NHMAN

Result

249,

APPANDIX LY SUMMARY OF SWRRT VERNAL RESULTS
YIELD FRTALS (me, ) NON~METALS (me. %) RATIOS
me . sum me., sum me, sum of Cation
(g. D.M4 $7C R |Uptake
K Ya Mg Ca of metal 8 ) CI of anions| N non-metalgl | —= U
/plant ) - YA Value| Anion
(22C) (S5 4) (34 + N) Uptake
1.82 8L.6 | 21.3] 12.0 | 35.2 153 o1 18.4L. | 20,2 1 L3.1 81.8 252 334 1.878 | 0.459 |C.L59
1,99 81.7 | 20.7{ 11.0 "} 32,3 145.7 19.3 | 23,2 L3.6 86.2 25 340 1,693 { 0,430 |Ll6LO
N.S. NeSe | HeSs} P<10} pPelb # #ok 3 NS, A N.S. N.S. e Lb e
J J i L
6 141 67.8 | 2n.0| 16,0 | 31.6 | 139.1 19.6 | 16446 17.7| 53.8 053 306 lo,650 ] 0.u5L {0,458
8.64L 67.6 16.7] 12.5 19.7 116.5 22,6 18.20 26,2 66,9 222 289 1.747| 0.LOS |5.088
PR N.S. W ol s U N.S. % gl ek 5o N.S. PrES 2wk s
14,35 127.2 | 3.u8] 276 | 16.5 1748 20,8 21,28 - L2 .1 309.4 35143 L.193] 0.4L98 | 0.1498
17 .99 127 .2 2.83| 20.7 12.2 162,9 25,8 22 .82 - L3,.6 317.0 365.8 3.391) 0.447 -
‘15013 108.9 2.'13 '1907 900 13907 3502 21 013 - 56.,-1- 32907 386-2 2052).]. 00363 80’-}.92
PR U ek Mok s e S gk - sk L i R b et
{ J
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APPENDIX L8 SUMMARY OF SPECIES RESULTS AVERAGED OVER NITROGEN FORMS

YIELD ‘ METALS (me. %) NON-METALS (me. %) RATIOS
' me . sum me . sum me,sum of Cation
(g. D.M, - ﬂ SC R Uptake
K Na Mg Ca |of metalg | S P CI | of anions N non-metals | _ S R
/plant)| | | Anion
(Z¢) CA + N) (A + M) |XA Value |Uptake
EXPERIMENT I
RYEGRASS 189 || 77,2 22,5 | 1Le3 | L1.8| 1551 22,7 | 22.9 | b5.3 91.1 2u7 338 1.713| O.L63| -~
SWEET o I
VERNAL 1.91 83.2 2140 | 1145 33.7| 149.L 18.9 | 21.7 | U3.3 84.0 253 337 1.785| o.uhk,| -
RESULT N.S. " N,S, | = o N.B. o N.S. | N.S. o RuSin | 7 NoB. N.S.| N.s. -
EXPERIMENT II
RYEGRASS 10,42 5745 21l | 1he2| 3342 12548 2741 | 16,11 | 23,8 6640 173 2L0 1.920( 0.529 -
SWEET
VERNAL 7452 6747 20l | 1h4e2| 2547 12748 21.1| 17.33 | 22.9 60.L 2357 297 2.201{ 0.429 -
RESULT o ok NeSe | N.S.| ** N.S. *% | p=.06| N.S. - i i * oy
EXPERIMENT III |
RYEGRASS 19,00 |fi1145 2.35| 3248| 15.6| 16243 Lol | 23,61 - 6840 3017 | 369.7 2,506| O.hhh -
SWEET
VERNAL 15.83 |[121.1 2.88| 2247 12.5| 159.1 273 | 2174 - 49.0 318.7 | 367.8 3.369| 0.436 -
RESULT LR s B3 el ook NeSe ek sk - deok sk NeSe ek NeSe -
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