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F'RI/INDUSTRY RESEARCH COOPERATIVES

EXECUTIVE SUMMARY

Provisional Diagnosis and Recorunendation Integrated System (DRIS) standard.s weredeveloped for three species of eucaly¡rt (8. reqtøts, e.éalignr-arr¿ ¿. aeiegarerßisl.

The standa¡ds for each spgcj from a very narrow, but survey-based databaserelating to 2- and B-year-old d nationv¡ide in summer t9ggj. te staoãJãÀwere found to be suffcienüy lpecies to threespecies. 
- 
A single t-est v¡as applied to. each of the F. ,9g usingindeqeldent data from a nutrient subtractive trial (AI(- As nosuitable test data currently exist for E. detegatensús, standards for this species could not betested.

Considering the narrowness of the databasr
provisional sta¡da¡ds for -Ð. regrrans and .Ð. s
room for cautious optirnisq *rat OnfS ca¡r be

suitable response aqd foHar data for more



INTRODUCTION

TEE DRIS SreTEM

The diagnostic and recornrnendation integrated system (DRIS) recognises antagonisms and

synergisms among pl¡nt nutrients and emphasises the importance of bala¡rce among nutrients

rather fhan i¡fllvidua-l nutrient sufficiencies. In essence, DzuS is a rnathernatical means of

ordering a large m¡mber of nutrient expressions (such as ratios or products of va¡ious nutrient

pairs) into simple nutrient indices lhat can be more easily interpreted.

The system was developed by BeaufiIs (1957, 1971, 1973) over a 20 year period. Begþning with

rubber, he went on to develop and refile tJre system for rnatze in South Afcica, and later applied

it to other crops such as potatoes, ryegrass, lemons and soya beans. In later work, Beau.flIs

collaborated s/ith Sum:re¡ to apply the DRIS approach to sugar cane (Beau-flls and Sumner

7976, 1977). Since that time, Sumner (1977a, b, c, 1978) a¡d va¡ious otler researchers (Elwali

and Gascho lg84; Davee ei al 1986; Alkoshab 1986; Mackay et al 1987, Righetti et aI 1988a,

1988b) have extended the application of DRIS to other a¡able, horticultu¡a,I, or orchard crops.

Fundarnental to tlre development of DRIS was the observation [Beaufils, 1973) t]rat the higher

the yield the srraller the v'ariatjon of anal]¡tical values arorrnd their means; in otler words the

coefrcient of variation is lower at high yield levels.

Successful application of the concept to a species requires (1)foliage analysis data from a large

number of sites (2) rnatching crop productivity valu.es for each foliage sanple, and (3)

independent foliar and growlh (productivity) data for that species, e.g. from factorial fertiliser

trials. (1) ald (2) a¡e needed for determination of important nutrient ex¡rressions for DRIS

index equations and/or the calculation of DRIS standa¡ds, a¡d (3) for testing the validity and

accuracy of the DzuS standards. One procedure cornmonly used in DRIS is to divide ¡¡g s¡rnple

population into 'desirable' and 'undesirabie' populations (on the basis of productivity) so that

noûns for the 'desirable' or high yielding population cân be calculated.

The advances in computing facilities which have occr:rred in the last decade now ma-he

contemporarìeous and statistical treatment of large amounts of diverse data a relatively simpie

rnatter, so that, with suitable prograrn-rring, the mrrnerous and va¡ied computations which

DRIS involves can now be carried out efficiently and quickly.
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Le a critical review of DRIS, Jones (1981) surnrna¡ised the basic assumptions which underly tJee

system as follows:

(1) Ratjos of nut¡ient element concentrations are often better indicators of nutrient
deficiencies tha¡ single nutrient element concentrations.

(2) Concentratjon ratios for some nutrient elements are more irnFortant lhan qt¡sns.

(3) Maximum crop yields are attainable only when the val.ues 9f irnFortant' ratios approach

an optìrmrrn val.ue; for a particular ratjo, the mean value for a selected high-yielding (or

otherwise desirabie) population approximates tb.e optimum value.

(4) Since 'important' ratios must approach their optimum r¡alues for high yields to be attained,

the variance of an 'importalt' ratjo is smaller in a high )¡relding population tharr a low-

yielcling one. Thus the ratio of the variance i¡ a low-yielrling population to that in a high-

yielding one ca-n be used to select irnporta::t ratios.

(5) A DRIS index can be calcr:lated for each nutrient element dete¡:nined. This index is based

on the meâÍì deviation of each irnportant ratio (in which the nutrient element is either the

numerator or denorninator) from its optÌmurn value. The optimum DRIS index for any

nutrient element is zero, with a negative index indicating relative deficiency, and a

positive one indica"ng relative su-ffi.ciency.

In recent years there has been increasi.g interest by forest nut¡'itionalísts in DRIS application

to forest crops (See reviews by Mead (1984), Powers (1984), Weetman and Wells (1986), a¡.d

Schutz and de Villiers (1987)).

Leech and Kim (1979) used DRIS to assess the nutrient requirements of poplars, a-nd

subsequently [,eech and Kim, 1981 a-nd Kim and Leach, 1986) as a guide to ferbiliser strategi for

poplar plantations.

Trrr¡an and Larrbert (1980) used the same ¡sshnique to study the balance between folia¡ N, P

a¡d S in Pirurs radíafa groq¡ing in NSW.
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Svenson and Kimberley (1988) using site index data, o<amined the diagnostic potential of DRIS

norrns for R¡urs radíota growing under New Zeala¡d conditions. Their study was lirnited to a

¡¡ng€ of rnacronutrients (N, P, K, Ca, ared M$.

In Western Australla, Wa¡d et a¿. (i985) ca-lculated separate DRIS indices for N, P, K, Ca and Mg

for six types of E. salígno tissue (newly e,xpancling foliage, young fully e:çanded foliage, older

leaves, tvrigs, branches, a¡.d fcuit) in upper and lower canopy positions. They found tJrat only

DRIS indices for fully expanded leaves of the upper crown successfully predicted and ra¡ked the

nutrient deficiencies previousiy estabtshed from responses to nutrients in a factoria-1 fertiliser

trial.

ln Hawaü, Yost et al- (1987) used DRIS to study the eflects of N and P ferUlisation on the early

growlh a.nd nutrient status of E. saligna. They reported that, in general, DRIS indices for N and

P were more strongly related to present size or growth increments for the initial 12, I8 or 24

months from plantilg, than were absolute concentrations of these elements.

The present study is a first attempt at establishing and testing DRIS standards for New Zealand

popr:lations of young (2 and 3-year-old) plantation eucaly¡lts (E- delegatensis, E. regtøtts a-nd E

solígnn)- The sta¡dards for each of these study species were based on data from a recent NZ-

wide sr¡nrey of nutrient concentrations in eucal¡lts conducted in summer 1988.

METHODS

In this stud¡ in adop 'ng tJee proposition (Jones 1981) t}lat both the mea'.' and/or varia¡.ce of

'desi¡able' a¡rd 'undesirable' populations be used as criteria for selectjng nutrient ratios for

DRIS formulae, we have included all possible 'importa-nt' ¡atios.

Two of three modifications to standa¡d DzuS computation originally proposed by Beverly

(1987) were also adopted in the present study n3mely:

1. Use of logarilhrnic transformation of nutrient ralio data to reduce skewness in the

rlistr-iþs¡ien of concentration ratio values, a¡d ¿6 s;rnplifj computations (see below)

2. Use of a single index calculation method; thi5 ¡¿pþses tl:e practice of using two alternadve

equations (to calculate the fu¡.ction describing variation of the observed nutrient ratio
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from tb.e rliâgnostic value) and choosing one according to whether the observed va-lue is

greater than or less than the cliagnostic norm- i,ogarithmic t¡ansformaliqa sliminalsg
a-ny need to choose between alternative forns of exçression as, by simplication. it renders

them equivalent:

(1) f ê/e) = lLn(A/Bì- lnla/b)l / ln(a/bì
SD / ln(a/b)(=)

(2) (=)

where
A/e = the value of the ratio of two elements, A and B in the tissue of plalts

being diagnosed

the opfirnsl val.ue or norm for that ratio

the standard deviation of the noI:n

the coefficient of variation of the norrn.

It qrill be noted that, in tl:e above 5irnplifìcation, stendard deviation replaces coeffi.cient of
variation. The third modifìcation which Beverly suggested, i.e. using population pararneters

ratjrer than high-yieid subpopulation values, v¡as not adopted as it was felt tJeat tJre very
lirnilsfl database available would rrake such a procedure unwise.

DATAB.å,SE

The datasets (see þpendix Tables 1.1-1.3 incl.) used in his study to establish provision¡l DRIS

standa¡ds for tfiree euca-ly¡lt species (8. regtnns, E. salignn a-nd.Ð. delegøfensis) were ta-ken from

a recently-established FRI databa¡k for eucaly¡rts. These datasets are referred to hereafter as

the 'standards' datasets. The databa¡rk, consisting of folia¡ concentration and tree height data.

was created from the results of countrywide NZ survey of 2 and 3 year-old stands of various

eucalypt species conducted in surrmer, 1988. The datasets for eucalypt species other lhan E

delegatensis, E. regnans and E. salígnn were too limited to war¡ant i¡clusion in this DzuS

shrdy.

[nlA/Bl/lnla/bll - 1

CV

tn(A/B) - Inla/b)
SD

^ln
SD

CV
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TABLE 1 - Synopsis of sunrey sarrple numbers by region (South or North l5lenfl),
and stand age for the three species used in the DRIS study.

Figures in square brackets indicate the number of d.ifferent sites

Species 2-year-old 5tand5
SI NI Sum

3-year-old stands
Si NI Sum

Both ages+
grand total

E- delegatensis
E. regtøts
E- salígnn

15t91 otol 15 tgl
18t81 8t5l 26t131
3t1l 17tel 2ot10l

24lr3l 3I2l 27lr5l
16 tel 10t51 26it14l
0 tol 14t71 14 Vl

42lt231
521261
34t161

+ Sites coûlmon to both age classes a¡e counted only once in tJre grand total.

The datasets used in this study are minimal for tJ:e purpose of DRIS development and the
results of the study must tb.erefore be treated rv'ith some caution. It is urged that, as resources
allow, the database be suitabiy e>çanded so that the provisienal þlllg standards can be revjsed.

on tlee basis of a larger sarnple population.

MEASI]REMENTS

Statistical analysis and computations

Ail statistical analyses and computations for DRIS were conducted using Genstat fi,awes
Agricultural Tlust 1 99O).

Foliage samples and chemical analyses

Foliage samples collected during the 1988 (summer) survey were taken from the upper third of
srmlit crown. Each sarnFle was a composite from at least 12 t¡ees of comparable size. At
variables sites trees were straü-û.ed by size and separate sarnples were collected from each size
category. The leaves sampled were those which had developed during the cu¡rent season and
which were fully erya-nded or very nearly so. In the field., i.e. while the fotiage sarnples were
still fresh, all petioles ûeaf sta-tks) were detached from the base of the teaf btade and were
discarded. Th.e airn of this was to rnake the sâmples more consistent- A separate study
e:Kamini¡g the efÏect of detachir4g the petioles on nutrient levels in tJre eucalypt foliage sa:rrples
is described in Appendjx 10.
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The South Island samples were collected between 29 February and 17 March 1988 a¡d the North
Island sa-rrrples between 14 March a:rd 7 Aprit 198S. As far as practicable, samples consisted

of unda¡naged leaves. However it was occasionally necessaÐr to take foliage which was

darnaged by either rvindl , insects or funga1 pathogen. After drying to constant weight at 7O"C

on aluminium trays the sâmples were finety grould in a stainless steeL Wiley rnill and sto¡ed in
plastic containers. They were subsequently anall¡sed for 14 elements: N, P, K, Ca, Mg, S, Al, Na-

B, Cu, Ci, Fe, Mn and Zn. Nitrogen was determined colorimetrically by the indophenol blue
method after a micro-Kjeldahl dlgss6on of a subsample. Copper a¡d boron were determined in
solutions prepared by dry ¿shing ssþ5arnples at 480"C and then dissolvin€l the ash irx 2N HCl.

Boron was deterrnined colorimetrically by tJre curcumini acetone method and copper by ato¡nic

absorption spectrophotometry. All other elements were dete¡mjned by X-ray fluorescence

spectrometry.

Sample t¡ee size

Each tree sampled for foliage was measured by height pole at 'irne of sampling. Individual t¡ee

heights, at least 12 per sarnple, were later averaged to provide a me¿rn.

ProductivlÇ lndex for DRIS

One of the basic assurnptions which DRIS rnakes is that " 
'h;gh yield' populatjon is under less

nutritionaL stress than a 'low yield' population. Accordin$y one method of calculating DRIS

ú.orrlls calls for the total dataset to be divided into two subsets on the basis of an appropriate
productivity inde,.c

in this study there were insuftìcien¡ sarnple numbers to aliow DRIS norms to be ca-lculated

separately for each age category of a species sampled. It was decided therefore to combine the

datasets fo¡ the different age categories a¡d to use an approximation to mean annual height

increment ('MAI') for each sarnple as the productivity index As no information q¡as available

on initial (outplanting) height, and as initial height would not be e,pected to und¡ly weight lhe

results for one age category more than the otb.er, it was felt that it cor:Id be disregarded.

.{sse¡rlingly an approxiÍtation to MAI ('MAI') was calculated as:

I As the North Isla¡rd. v¡as surveyed wifhin a week or two of the passage of Hu¡ricane 'Bola',
collection of und¡rn¡ged leaves was not possible at e,xposed sites.
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'MAI'= meân height (m)/srand age gears)

For each species studied tJre general meâr1 of 'MAI' for the total dataset (i.e. for both stald age

categories), was used to separate ¡¡s sarnple population into desirable 'or high yield.' and
undesirable or 'low yield' subsets. The general mean va1ues (m) were variously 1.45, 1.85 and
2-25 for E. delegøtensis, -E regnnns a.n'd E saligna-

Tta¡sformation of data

For each species, distributjons of the va-lues of ihe ratios of individual nutrient pairs in the
population sâmple were tested for normality; those for severaL nutrient ratjos were for:nd to be

significantly skewed. NaturaL logarilhmic transformatjon of lhe data (a prerequisite to using
the simplified form of function advocated by Beverly (1987) for DRIS index calculatjons)
successfully corrected skewness (restored normality). This was important to ensure that
statistical (F and t) tests cor:.ld be validly applied to data for seleci'ng 'important' ratjos (see next
section).

Selection of nutrient ratios for DRIS formulae

DRIS assumes that there is an optirral ratio between any two elements in plant tissue and that
a departure from the optimr:m is associated with poorer growtJr. Thus tJ:e initial step in tJre

fonn of DRIS computation used in fhïs s¡rr¿" *r" to divide the dataset for each species into
'high yield' [H) and 1ow yield' tL) subsets using 'MAI' (s.ee above) as ân index of prod.uctivity.
Once this was done, the subset means a¡d varia¡rces for individual ratios v¡ere calcul.ated for
each nutrient pair. The numerator in each ratio of nutrient pairs was arbitrarily ta-ken as the
first of the pair to appear in the sequence: N p K ca lvlg S B Cu Fe Mn zn /j-Na cl.

In view of the narrorñ¡ness of the database, it was considered that t]:e testing of a-lternative
nutrient e4lressions, such as inverse ratios or products of nutrient pairs, was not warra¡ted in
ttris prelirninary study. Such tes"ng would be done in a simila¡ way to selecting 'irnportant'
ratios i.e. by Picking the nutrient expression (A/ B, B /A or A*B) n'ith tJee largest variance ratjo
(S2l/S2H). Substitu ;ng the selected. form of eryression in the DRIS equations shor:ld, to some

extent, enhence .lìagnostic accuracy and would be lhe logical next step in refining the DRIS
after expalsion of the database.
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For the purposes of DRIS, the 'high yield' or desirable population is assumed to be u¡der less

nutritionel stress tha¡. the 'low yield' or undesirable population. Thus, if a component of the
undesirable population is stressed for a particular nutrient, the varia-nce about the mean for
the nutrient ratio involving that nutrient should have greater variarrce than that for the s¿une

ratio for the desirable population [Beau-ûls, 1973). Also, if it is assumed that t]re optimr:rn va-lue

of a par[icu-Iar nut¡ient pair ratio approximates the mean va1ue (XH) of the ratio in the
desirable population, tb.en for a particular nutrient ratio to be irnportant, X¡1 should be greater

ftan&.

Accordingly the varia¡rces (S2) a¡rd mean.s (ñ fo. ratios of all possible element pairs from t]re 14

elements determined were calculated fo¡ the two subsets of data. The variance ratios (S2l/S2H)
were subjected to the F test, a:rd tJre paired meâns IXH and &) to t test. Selection sf imFortânt

nutrient ratios for the DzuS computation was based on one or both of the following criteria:

(1) significantly different variances: s2l t S2H (p s o.o5); provided XH t -xl+

(2) signiûcantly different means: æ t >A þ < O.O5)

Formulation of DRIS index equations

The DRIS index equations for individual nutrients were formtilated. in the standard. way, i-e. by
(1) assembling all the nutrient ratjos eva-luated ¿s irnFortant for that nutrient, and (2) writing
them as functions, e.g. f(A/B), assigning a positive or negative value to each function depending
whether the nutrient being indexed appears as the numerator (positive) or denorninator
(negative) in the ratio, and (4) dividing the resulta¡t sr:m of functions by tJre total number of
functions in the numerator. Thus, for exa-rnple, assuming element A features in four
'irnportant'ratios (AlB, AlC, A/D a¡d E/A) the equation would be written as follows:

DRIS A-index
r (A/n) + re/c) + fê/D) - r(E t p)

4

The simpliñed forrnr¡la @everly, 1987) used to derive a function of two elements for DRIS was
as follows:

t regardless of whelher or not the d.iflerence between &l 
".nd 

I attained s[nificance at the b%
level
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f (A/B)= ln A/Bl - ln (a/bì

SD

where: f (Ale) = a function of two elements for DRIS
Ar*-.'^/ B = ratio of the concertration of two elements A and B in a feli:Ee sample

^ lb = the optirns¡¡ value or noñn for that ralio

SD = standa¡d deviation of the log-transformed norm

ln = natu¡al log.

Individual index formulae for the three datasets (i.e. for E. regnans, E. satígna a-nd. E.

delegøtensís) a¡e üsted il Appendix Tables 3.1-3.3 incl. ShorLened formulae used to calculate
DRIS i¡dices for test data (forwhich tì.e range of nutrients determined was srnalìs¡) are given

in Appendix Tables 7.1-7.3 incl.

Interpretation of DRIS data

In a validated DRIS system, a positive index indicates a relaüve excess or surplus, whereas a
negative index indicates a relative deficiency. The index with the largest negative number
should indicate the element in the shortest supply, while tJ:e larger the sum of tl.e absolute
values of the indices, the more serious the overall ¡1¡6lflenel importance. Thus, the absolute

sr¡m of DRIS indices for a sarnple affords some measure of the tota-l nutritional balance; a low
value indicates sound nutritional balance, but does not preclude other factors which rnay be

adversely afÏecting €fowth; a hfgh value indicates that poor gro\¡rth is associated with seriously

unbalanced nutrition.

RESITLTS AI{D DISCUSSION

DRIS standards and nutrient ratios

The nutrient ratios, seiected on a statistical basis (see Methods) as irnport:nt for lhe purposes

of DRIS, a¡e listed in Appendix Tables 2.I-2.3 incl. for each of the eucal1'pt species studied,

together q¡ith the cotresponding DzuS standa¡ds fiog-transformed meâns and staxdard
deviations for the 'high yield' subgroup) and variance ratios (i.e. for lhe high and low yield

subgroups).

Although the sta¡da¡ds for particular nutrient ratjos for the trÃ¡o more closely related ('ash

Eroup') eucaly¡rts (8. regnøts and .Ð. delegaÍ.ensrs) may appear, after log t¡ansformation, rather
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sirnil¿¡' the differences are in fact quite large in unt¡¡nsformed terms. Thus, there did not

appear to any acceptable grounds for combining the two datasets to obtain ¿ 5ingle set of DRIS

standards for the two species. Folia¡ data for E. saligno and E regrtorls d¡awn from fertiliser

triâl AI( LO23-2 and used to test the DRIS standards, indicate *hat these two species, grov¡ing on

the sarne soil under the se'ne conditions, can have very diflerent concentrations in their
foliâge of certain nutrients, namely Ca, Mg, B, Cu, Mn and Zn. TertaLively, it seerns tb.erefore

that separate standards will be required all three species.

The forrnulae used to calculate DRIS indices for the ñ:ll datasets a¡e listed for each species in
Appendix Tables 3.1-3.3 incl- Listings of DRIS indices for the gomplete dataset of each species

are given in þpendlx Tables 4.1-4.3 inci-

Rel,ationship betuæen 1!fAI and absolute sum of DRIS indices

Some measure of the total nutritional balance in a plant may be indicated by the absolute (i.e.

with signs disregarded) sr:la of DRIS indices (Walworth and Sumner 1987). Thus for DRIS to be

diagnostically eflective there should be a distinctive inverse relation5hip between yield or

productivity index (in this study'MAI') and absolute sum of DRIS indices. Encouragingly, the

scatterplot diagrerns of 'MAI' on sum of DRIS indices using the full datasets for each of species

(þpendix 5 : Figures 1-3) show a clear trend for'MA[' to decrease with increasing absolute surn

of indices.

Testing the provisi6nal þftt$, norfns

The provisional DRIS sta¡.da¡ds calcr¡lated from the E. regnnrs and E salígnn datasets derived

from the 1988 sun¡ey of eucaly¡rt foliar levels, were subjected to a prelimilary test to examine

their validity. No suitable, independently gathered data was available to test the E.

dele gøte nsis s ta¡ da¡ds.

The growtJr and folia¡ data (Appendix 6) used as a test application of the standards for -E

reryans and .E salígno" respectively came from a nutrient subt¡active trial (AK IO23-2) recently

conducted with these two species in Cpt 1 11, Tairua Forest. The soil at ttris site is a moderately

acid (pH 5.8), strongly leached and po'dzolised, composite yellow-brown purnice soil on yellow

brown loam- The soil type is \flþangarnata gravelly sand a-nd tl1e parent gaterial Whangarnata

ash on Waibi ash on Flarniìlea ¿sþ. The surface soil is very low in available phosphorus (P)
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Limitations of tle present study

1. Na¡roumess of database

The survey which provided t]le database for rhis s¡n¿t had to be cond.ucted wifhin tight
budgetary lirnits. In order to stay l¡¡ithin these lirnil5 as v¡ell as to keep wilhin a brief
sampling period (to avoid seasonal effects), rnâñy potential sites for s¡rnpling 2 or 3-year-
old eucallpts had to be omitted.

It follows that the datasets for individual eucall'pt species and separate age categories
(Appendix 1) are not as large as could be wished. As large sarnple populations a¡e
considered necessaÐ/ for accu¡ate, valid diagnostic srand.a¡ds, tb.e standa¡ds which we
have calctdated should be considered as stricüy provisional.

2. Lach of suitable test data

It was not possible in this study to test the provisional .E d.etegatensís norûlri as suitable
independently derived data were not available. For the other two species. the limited test
data which are ar¡ailable a¡e for a na¡rower rânge of nutrients tha:e exist in the d.ataset.
Consequentty DRIS indices based on a srn¡ller range of nutrient ratios bad to be computed.
Also, u¡like the sun¡ey data used to calculate standa¡ds, the folia¡ data for the test sets
relate ¡6 fqlia€e samples in which leaf stalks were included with lea-f blades. The extent to
which ilclusion of leaf sta-lks inflssasg5 concentration was the subject of a:e associated
study (see Appendix 1O).

3. Applicabtlity

The conditions to which tJre system is ultirnatety applied shoutd. be con-ûned to those to
which are represented in the database viz. stands aged 2-3 years sampled in late srlrnrner
(early March) witJe foliage sarnples consisfing of leaves which had developed during lhe
cunrent season and which were either fully *çanded, or very aearly so.
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Suggestions for future c¡ork

1. n=pansionofdatabase

Fo¡ DRIS sta¡dards to properþ represent a population a large database is essential. At

present the full datasets for .Ð. regnans, E. saligno and .Ð. delegøtensis a¡e based on only 52,

34 and 42 s4'npies respectively. It is suggested that the datasets for E- regnøns and E

detegøtensis at least be doubled and that for E. salígno be trebled.

2. Independent data for testing provisional nonns

A vital step in tb.e successful development of DRIS for any crop is the tes"ng of sta-ndards

to assess theír retability and accuracy for diagnostic a¡d recornrnendation pu4)oses.

Suitable independently gathered data are needed for this testing. Factorial fertiliser
experiments which have shown large responses to specific nutrients ca-n provide such data.

At present, data suitable for testing standards for -E- regnans and E. salígna are rather

Iimited, and for E. detegatensis are non-existent. There is therefore a need to establish a

suitable factorial fertiliser tria-t y¡ith E- delegatensis on a responsive site to provide

suitable test data. More comprehensive factorial fertiliser trials for tJle other two species

are also desirable for more comprehensive testing of sta:edards.

3. Use 
I 

products or inverted ratios for selected nutrients in DRIS formulae

Walworth and. Surnner (1987) have suggested t¡"t, to counteract leaf age eflects on DRIS

ind.ices, the use of products of nutrient pairs ¡ather than ratios may be more appropriate in
some instances in the calcr:lation of indices. Thus for e>ø-urple, when a nutrient such as Ca,

which tends to inc¡ease in foliar concentration with maturity, is related to nutrients such

as N, P a:rd K which may show tl:e opposite trend, products from the two gioups (e.g. N x Ca

instead of N/Ca) are likely to be the most constant form of e:çression. This could be a
profitable avenue to e4rlore once a Tatger database has been created. At the same time the

testing of inverted ratios (e.g. P/N instead of N/P) is also desirable to ma-ximise the
rìiagnostic accuracy of DRIS index equations where possible;
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4- Productivity index: need for reyirew

Using lhe general mean'MAI'for the dataset as the cut offvalue to divide the 'high' and 1ow'

yield populations rnay tend to weigþt the number of sa-ples from S-year-old stands which
fa-ll in ¡1s 'high' yield subset relative to that o¡ sa¡nples from 2-year-old stand.s. This is
because cr¡¡rent annual increment for eucal¡tts is usuaJly greater in the second a¡.d third
year thal. in the fi¡st. Data for E- regnans from a trial testi¡g the interaction of intensity
of weed control with fertiliser treatment on ¿ ¡ang€ of special puq)ose species (Ro 2015-2)

helps to illustrats thi5;

Treatment 'MAI'
for initiel 2 years

'MAI'
for ini'ial 3 years

Difference
e/"1

Hr Fr
Hr Fo
HoFr
Ho Fo

2.43
2.34
1.91
L.52

2.59
2.54
2.ro
1.99

9.4
9.2
9.1
7.6

Key + t¡eatrnents

Hl = ma:c weed control
HO = min. weed control
Ft = fertilised at planting
FO = no fertiliser

However, the actual cut-off r¡alue used is not critical provided the 'high yield' data remains

norrrally distributed fWalworth and Sunner 1985). Although the weighting incr:rred by
using 'M,{l' rnay be unimporta¡t in its effect on DRIS, this aspect of the study merits closer

scrutiny. Choice of productivity index mey need reviewing in any revision of the
provisional DRIS standards.

5. A c¡atch on world literatu¡e on DRIS

DzuS methodologly contìnues to be modifìed and irnproved. A recent moclification
(Hallrnark et al- 1987) separates situations where nutrients do, or do not limit yield, and

employs nutrient concent¡ations as well as nutrient ralios in DRIS equations. This

modifìed systen (M-DzuS) was reportedly much better than DRIS is identifying non-
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lirnifing situatjons for so$eans (Halltnark 1988), but has not been evaluated for forestry.
Such a development illustrates the importaace of keeping abreast of developments in DRIS

methodologr through a watch on world literature on this topic.
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APPENDIX 1

1- The hatched line in each table separates sarnples of the two srand age-classes

2- The two subject categories shown are 'high' (H) a¡d tow (L) 'MA['respectively. The
distinctioo is made on the basis of the mean value of 'MAI" for each species dataset.



ÀPPENDIX TÀBLE 1.1 E. regnans : dataset us€d for conputing DRIS norns

Log. Forest 5P. Surv. Stand Àv. N P K Ca lfg S B Cu Fe

no. name ief. age ht percent ovendry weight PPE
(vrs) (n)

l6 Fl6028 r^¡Àf,rc EUREG )\ 2 r-9 1.131 0.183 0.540 0.541 0.283 0.070 21 2.5 68 42O

L1 F160,{4 MEKÀ EUREG 12 2 4.5 1 .147 O.055 0.583 0.401 0.269 0.088 20 2.5 43 941
r8 F16045 HEKÀ EUREG 32 2 2-0 1.535 0.098 0-652 0.,4¡re 0.r38 0.110 16 3'6 59 t242
19 F16057 TGIo EUREG 35 2 S.t 2.042 0. I7'' O-825 O-555 0.160 0 -r42 L7 4.L 61 411
zo Fl605B .TGro iunÈc 35 2 t.5 l. 246 o - t5t 0.562 0.612 0 .zlz 0.095 16 3 .6 60 q29
)1 Fr606ì NÀpR EUREG 3'r. 2 4.0 2.426 0.r50 0.5?4 0.419 0 -274 0.161 20 5.8 100 710
22 Fl61l6 KÀwR EUREG 51 2 8.1 r.-,'t6 0.174 0.734 0.573 0-213 0.128 18 1.9 9l 141
23 FL612O TrRU nUnno sl 2 5.6 1.924 0.109 0.420 0.559 0.185 0-128 21 3.9 5'l 601
24 Ft6121 TrRU EUREG 53 2 2-1 I.541 0.074 0-359 0.656 0.J82 0.131 2r 4-1 48 117r
25 Fl6l28 TÀNE EUREG s6 2 7 -A 2.408 0.r51 0.924 0.504 0.210 0.I'r2 33 1.2 '14 164
26 FI6I29 TÀNE EUREG 56 2 3.3 2.226 0.144 0.1't2 0.911 0.271 0.150 16 8.8 83 230

l,!n z^ ÀI Na cl
percent ---

1 F16ls4 oRET EUREG 2 2 1.5 2.438 0.l'tl 0.?92 0.363 0-2L'I O-154 17 5.4 l8 91
2 Flsg57 LoNc EUREG 3 z 4:ó l.tzs o.L21 o.561 0.350 0.216 0.123 15 3.2 61 631
3 Fl5992 HERB EùriEG tz 2 5-3 1.801 o.o6s o.6911 0-337 0.218 0.143 18 2-0 84 539
4 Fl5993 HERB ÈunÈc L2 2 3.6 1.165 0.0?t 0.560 0.403 0.285 0-117 19 3-1 64 610
5 F15991¡ HERB EUREG lt 2 L-z o-807 o.0B? 0-451 0-423 0.32{ 0.!2'7 11 l-4 54 1121
6 Ft6t5E CHÀR EUREG 15 2 5.2 L.?94 0.110 0.433 0.378 0.288 0-121 11 2-5 69 599
7 Ft60tt cDNs EUriE¿ 2L 2 6 -s 2.031 0.211 0.703 0.319 0 .19? 0.138 20 2 - 5 66 357
B Fl6012 cDNs uunÊc ir z 3.6 t-103 0.135 0.583 0.340 0.224 o.097 18 1.9 44 468
9 F16013 GDNS eunnc 2L 2 I-5 0.9't1 0.195 0.532 0.535 0-350 0.081 20 l-8 74 955

10 Fl6ot7 cDNs eùñÈc iz 2 6-5 1.730 0.130 0.644 0.340 0.172 0 -t-Lï 22 2-z 84 1407
11 Fl60t9 cDNs eUnsc 23 2 3 .9 1.065 0.108 0 .513 0 - 513 o .204 0.086 23 1.4 42 2533
L2 Ft6020 cDNs nuñsc 1l 2 z-5 0.871 0.085 0.51? 0.393 0.225 0 -073 15 1-2 59 1606
13 Fl6o21 cDNs EUREG 23 2 L-4 0.72L O.152 0-491 0-525 0.342 0-081 18 0-8 65 2796
l4 F16026 wÀwc ÊunÈc 25 2 1.0 r.86? o.lB7 0.740 0.328 0.189 0-r35 15 4-0 79 106
15 Ft6oz7 r,¡Àwc Èunsc 25 2 3.4 1.763 o-160 0.635 0-410 0.225 o.101 17 4.3 45 302

19
16
18
L1
t2
16
18
14
13
14
12
!2
L2
l7
18
15
l4
15
18
16
22
L-)
l6
18
22
22

0.005 0.108 0.554
0.004 0.105 0.387
0.011 0.24'l 0.64L
0.009 0-201 0.583
0.014 0.212 0-699
0.013 0-179 0.709
0.004 0.042 0.099
0.008 0-044 0-287
0.010 0-045 0.407
0.005 0.053 0.273
0.005 0.050 0-431
0.006 0.05-7 0.497
0.008 0.062 0.558
0-005 0 -072 0-211
0-004 0.076 0.305
0-00? 0.0?5 0.380
0-00-, 0.092 0-473
0.007 0.071 0.3?0
0.001 0.179 0.456
0.008 0.161 0.401
0-006 0.181 0.614
0.012 0.L22 0-564
0.011 0.205 0.817
0.008 0.139 0.593
0.008 0-111 0.421
0.010 0.113 0.471

;;--;;;;;;---;;;;--;;;;---l----t---;. t---, .r1¿-;-;;;-; -;;;--; -;;;-; -;;;-ã:il1;-i ';--81--';ã--i3l;ii-ãlî¡ã-o ' ¡'s
28 Fl5959 LoNG EUREG 4 3 6-1 1.418 0.r08 0.712 o-406 0.248 0.111 r7 2.6 50 847 l5 0-005 0.121 0.51-l
29 FI5961 LoNG EUREG 4 'ì 2-1 1_317 0.L04 0.600 0-372 0.251 O.lOl 2I 2-5 56 536 14 0-007 0.251 0-657
30 Fl5969 r,rÀcl. EUREG 5 3 7.5 1.4r2 o-110 0.587 0.3r9 0 -241 0.116 r/ 2.6 I¿ 535 15 0.008 0-197 0-606
31 Fl5970 MÀcL EUREG 5 3 1.-7 0.81t O-rOO 0.415 0.311 0.285 0.075 l5 r.2 29 813 10 0.007 0.165 0-4s7
32 Ft616Z BÀLM EUREG 15 3 2-O 0.948 0.129 0.641 0.27-l 0.254 0.084 14 2.5 5r J06 14 0.008 0.062 0-509
33 Fl6o0l cDNs EUREG t9 3 5.3 1.518 0.123 0.569 0.38? 0.195 o.rl3 l4 0.7 42 LA'l 15 0.005 0'080 0-235
34 Fl6oO4 cDNs EUREG 19 I 1.6 0.857 0.r55 0.608 0.459 0 -246 0 -O7r 23 1.7 40 2L6 r3 0.004 0.041 0-247
ls Fr6o2ì cDNs EUREG 24 I 1.8 0.896 0.111 0.530 0.351 0.236 O-071 16 1.3 35 718 I2 0.004 0.048 0.297
36 Fl60l2 WrRU EUREG )6 1 -r-0 1_248 0-162 0.917 O-267 O.179 0.153 14 2.8 l8 152 I8 0.008 0.0'r8 0-406
31 F16O33 WrRU EUREG 2'1 I 8.L 2.126 O-144 0.918 O.274 O-196 0.I57 20 4.3 I07 585 20 0.013 0.068 0.451
rÂ Fr60t4 wrRU EUREG 21 3 3.5 1.405 0.r32 0.696 0.339 0.254 0.1I5 23 r.9 96 902 13 0.016 0-078 0.376
39 FI5035 WIRU EUREG )1 I O-9 O-985 0-089 0.423' 0.406 0.265 0.061 26 1.1 58 971 10 0.016 0.O50 o-4ð2
do F.!6017 Ì^rrRlt ÊrrREG 2A 3 8.1 1-?82 0.155 0.681 0.314 0-231 0.116 19 1.9 65 331 17 0.007 0.084 0.239
4l Fl6038 ÞIIRU EUREG 28 3 4.2 t.544 o.l3l 0.640 0.446 0 -266 0.111 17 l-6 70 593 15 0.006 0.094 0-l8z
42 Fl6039 WrRU EUREG 2a 3 1-9 1-141 0.106 0.653 0-463 0.245 0.084 21 3-2 87 -r90 l2 0.005 0.066 0-1204I FI6O38 }TIRU EUREG 28 3 4.2

43 F16053 ERrN EUREG 34 3 8.9 2.633 0.153 0.802 0.333 o-231 0.I56 21 4.5 6E rr24 19 0.007 0.233 0-8264] FI6O53 ERIN EUREG J{ J ð.9 ¿.bJJ U.I)J U.ÕU¿ U.JJJ U.¿)L V.L)O ZL 1.)
44 F15054 ERIN EUREG 34 I 5.8 2.219 0.139 0.550 0.446 0.289 0.161 16 4.8 50 1178 Zl 0.006 0.206 0- r2b
45 Fl6066 RVHD EUREG 38 3 8.5 2.442 0.14? 0.574 0.635 0.289 0.170 23 6.8 90 Is9 22 0.00e o.¿6ö o-eee
46 Ft6o67 RvrrD EUREG 38 3 8-5 2.815 0.165 0.9,11 0.443 0-250 0.186 21 7.9 14 156 23 0.008 0.280 0.999
47 F15058 RVHD EUREG 38 3 8.5 2-184 o.121 0.579 1.134 0.360 0.160 28 5.8 91 253 20 0.012 0-385 0-999
48 Fl5oS3 TÀup EUREG 39 3 3.3 1.458 0.r24 0.411 0.537 0,352 0.130 19 4.r 50 1194 IE 0.o08 0.25' o.ô56
4s Fl6084 TÀup EUREG 39 3 1.5 1-451 0.113 0.385 0.528 0.354 0.112 19 3-7 54 127'1 16 0.007 0.185 0.698
50 Fl6124 TrRU EUREG 54 3 7.6 2.084 0.r02 0.525 0.354 0 -252 O.13l 17 3.5 59 886 17 0.008 0.245 0.790
sr Fr6l ì7 KÀNc EUREG 58 3 8.2 !.607 0.129 0.514 0.4172 0-179 0.107 18 3-l 78 794 16 0.007 0.061 0.259
52 Fl6138 KÀNG EUREG 58 3 2-9 1.933 0.r32 o-648 0.372 0.160 0-123 l2 4-8 63 884 20 0.012 0.094 0.29s



Log. Forest Spec. Surv- Stand Àv N P K Ca -H9. S B Cu Fe Hn Zn Àl' Na cI
no. nam€ rèf. age Ht p".."rrË ovendry weigtit ---- Pp! ------ t oD wt --

(yr) (¡n)

2L Fr6o6t NÀpR EUSÀL 37 3 4.s 3.10s o-2r3 0.682 0.71e o -¿'to o.zre 26 7.3 125 1474 11 1-91: 9.1Í9 Î-l:3

ÀPPENDIX TÀBLE 1.2 E. saligna : dataset used for conputing DRIS norEs-

22 Fl6O69 RVHD EUSÀL 38 3 6.5 2.2qs ô 1 1c o-824 O-607 O -266 O -160 39 7.0 '15 199 22 0.008 0.196 0.438
5; ;ï;ö;õ iü;ì; ;üËi; iã ¡ e. s 2.6s4 0.r37 o.680 o,610 0.27s 0.1e0 38 rr.7 Bl 26i 25 0.011 0.ler 0-sse23 FI6070 RVHD EUSÀL JE J b.> ¿-b)¡l u.lJ/ u-òöu u,oJU u-ztJ v

24 Fr6o7l RVHD EUSÀL 38 3 5.5 3.041 o-1?o 0.756 o.t¿4 o.268 0.223 32 11-4 107 .130 19 1.1:3 1.?91 1'E:?zs Ft6oe4 ¡{crN EU5ÀL 43 I e.i z-l3r o r 42 o-r12 o.a¿¿ s.281 0.150 45 L2-'t 84 1382 11 9.991 9.17? 9-ì::
i¿ ;iä;õ; ;i;i'ñ ;ü;î; ;í i 5.0 2.233 o.rslr 0.677 0.73q 0-4os 0.166 32 e.s Bs 570 21 0.004 0-15r 0-40s

^ 
r ¡E 

^ 
tôt26 F16095 MCIN EUSÀL 43 3 5.0 7.zJJ O.I5q U'b,, u. /Js u-suf u.roo r¿ t.) o)

21 F16096 HCIN EUSÀL 43 3 3. L 2.3q1 o ,15-, o-7or o-ar) u -427 O.181 36 11.0 59 1f17 21 0.007 0.145 0-392
¿t

28 Fl6t02 ÀUpo EUSAL 45 3 9.5 r.917 0.153 0.662 0.908 0.342 0.137 38 5.8 108 1099 18 0.008 0-1'¡7 0-125
29 Fr6lol Àupo EUSÀL 45 I 4.9 2.089 0.r53 0.582 0.964 o-455 0.146 39 6.4 89 2243 20 0-009 0.113 0-182
3o Fr5ro9 Àupo EUSAL 48 I 9.5 r.938 0.143 0.679 0.827 0-345 0.136 38 b.4 5) 724 21 0-008 0.175 0-421
31 Ft6lro orcÀ EUSÀL 49 3 5.'I 2.241 0.151 0.769 t.064 0.273 0.160 32 8.8 112 998 23 0.010 0-122 0-328
l2 F16llt oTGÀ EUSÀL 49 3 5.6 2.029 0.139 0.79{ 1.013 0.255 0.155 28 6.5 78 951 24 0.010 0'145 0-415
33 Fl6ll7 CORO EUSÀL 52 I 7.5 1.342 0.085 0.640 0.596 0.269 0.140 40 3-9 66 1110 16 0.013 0.254 0-613
34 Fl6118 CORo EUSÀL 52 I 3.2 1.590 0-077 0.579 o.?25 0.339 0.125 37 5-1 75 1862 l7 0.0I2 0.201 0-580



1
2
3

4
5
6
't
I
9

t0
1l
T2
13
14
l5

ÀpPENDIX TÀBLE 1.3 E.delegaÈensis: dataset used for 'conputing DRIS nor¡s'

Log. Forest sp. surv. stand Àv' N P K Ca Mg- s B Cu Fe !!n zn ÀI Na CI

no.nan€rêf.ageht-------percenÈo',"nãiyr,eiétrt-----PPD--_--_-----pârcent--no. (Yrs) (n)

F1ses3 oREr EUDEL I 3 6.1 2'56e 0 '127 o'82-7. 9'3i1 1'llt 1'lf: ll î'9 9i ::1 îi 3 333 3.3Î9 3:3å?Fi;|;i 3ä3ä ÊiB:i ï I "r'.+ í:iËíö:ïíáö:;i¿ ó.ls2o.zroo.rosiir.z 1s 2zo 170-00e0.0I70.304
Frse6o LoNG EUDEL 4' 3 6.4 i.iãã o.ioo o.srs õ.1ói o-iaz o-t11 ?1 3.1 i! 11t^ l: i'Îl:3 313 3_il]fi;3:: i3il: iüBËi i I i:i ï:íií ö:ôö; õ:!óõ õ.¡¿i o-i¡o o.oe4 re 2.r 5s 47s 16 0-007 0.048 0-413

Frss6s MÀcL EUDEL s 3 5.e i.les o-rra o"7rí 9:1{i 1:ill lll:: ll ?'? ll l9l il 3:33å 3.3li 3:133Fl;39i ffi:l ËiBËi ; I i'.i ô:éäí ö:ôäö ó.áid ó.izã 0.222 0.085 18 1.4 so 57s 13 o-006 0.037 0-3s5

Frse74 lrKoR EUDEL 1 3 s-1 i-óqs o'rsq o'usó Þ:¡i:9:itg 1'*:l +l l'i :: :Îl ?i 3 33! 3-àÎ? 3:133

r6
I7
18
19
20
2L
22
23
24
25
26
27
28
z9
30
31
32
33
l,l
35
36
ll
38
39
40
4I
42

;l;333 ili:Ë iiBii ii i i:i ô:;i; ö:;;i o'.;;, o-i¿a 0.24s o.oss s3 r.2 6r 3rr r3 o-011 0-006 0-206

F16ooo NÀsB EUDEL 13 3 3.0 r.ois o.rss r.orã ó.éiÀ o.ãre o ,r1 11 4-2 :: 3l: l: Î-Îli i Î?i i'lilFl:i:8 Èì:i iiB;i i¿ I i:ö i.ði; ö:iöi ô:;i¿ o.zia o.2rz o.oe8 20 2.4 6s r55 16 o-010 0-0r0 0-40s
Fr6oo2 cDNs EUDEL le 3 2.'r i.0-16 0.r¡a o.eoã ò.irr o -lz-t o-08? 11 i.i 24 :19 19 1'ÎÎå Î ÎlÎ R'3Î?;lå33i :Bi; Ëi|ii :ð i í'.; ;'.äíä ö:ït; ö:Ëäô õ.jãõ o.iss o.ttt )l 1.i 63 60, 21 0-ooe 0.008 0-21''
Frco06 cDNs EUDEL 20 3 2's i-s4o o-r¡o o'sz¿ q'i9: l'tt:9'1:t 1E t'l 11 Í:? ïÍ Î ÎÎ: i'33i 3.1?iFi:ü8i :;il; Ëü;;; ;i i í:í .:1i¿ o.rs¡ o.s¡õ õ.iri o.izg 0.050 2? 1.3 40 s6r rs 0.004 0-00s 0'23s
Fl5024 cDNs EUDEL 24 3 7.2 1.834 o.r¡z o-saà ó.i+o 0.182 o-t1:3:1.1 :: Í:: ?l Î-ÎÎÌ Î Î?Î:'iÎl;i:3tl :Bil; ;ü;Ëi t; 1 ;'.â ¡.ia¡ o.irs o.s'7i o.q¿o 0.2s6 0.roB 30 3-0 62 er6 16 o-oo4 0-011 0.448
Fr6o3r wrRU EUDEL 26 r 7.0 z.õsr o.rrr r.rrd o.zoz o-165 o-141 ll ?-? 22 l:1 ?l 1-ÎÎÍ Î'Îi? Î'ÎÍ¡¡i:;iå iiü;;ü;;; ü i á:ö i:qsao.izso.szi ó.ã¡io.233o.os716r.B 6o 723 140-00e0.3460-88e
F16135 KÀNG EUDEL 58 3 5- a 1.r33 0.rz¡ o.o:ó ò.iqs 0.156 0.138 16 3-9 50 ll9 18 0-007 0'015 0'240
F16136 KÀNG EUDEL 5s 3 z-z r.,lia o.oes o-srr o.¡ss 0.169 0-095 16 2.8 51 5oo r4 0'009 0'014 0'216



APPD¡IDIX TABLE 2.L- E- regnarTs: nutrient ratios selected as importa-ût for DRIS,
shown with criteria for selection, provisional DRIS standa¡ds a¡d 3varia¡ce rafios

Nut. tCriteria
raLio for

ratio
selection

2ozus stand.a¡d.s 3variance
ratio

Mean Std.Dev
X SD (91/9H)Sig.

(1) N/P m

(2) N/K m

(3) N/Ca m

(4) N/i\49

(5)N/S m.v

(6)N/B

(7) N/Fe m

(8) N/Mn m

(9)N/Zn m

(10) N/Al m

(11) N/Cl m

(12) P/I\49 m

(13)K/Ca ûr

(14)K/Mg m

(15)K/8', m

(16) K/Mn m

(17)K/Al m

2.æ7

r.0457

1.513

2.O91

2.633

-2.309

-3.626

-5.479

-2.237

5.5M

1.330

-o.5561

o.4674

L.Uó7

-3.355

-6.524

4.498

Nut.
ratio

(18)S/B

(19) S/Fe

(2O)S/Mn

(2I)SlZn

(22) St?,J

(23)Cu/Fe

Q4)CúNrn

(25)CtlZn

(26)Cu/AI

(27)Fe/Mn

(28)FelZn

(29)Fe/Al

(3O) ZnlÍ{
(31)Na/Cl

m -4-942

v -6.259

m -8.112

rn,v -4.870

m 2.911

v -2.960

m -4.813

m,v -1.57I

m,v 6.210

m -I.852

v 1.390

m 9.170

m 7.78I

v -L.347

lCriteria 2ozusstandards 3variance
for ratio
ratio Mean Std.Dev.

selection X SD (9¡l9r¡5¡g.

o.27L4

o.2894

o.3614

o.294r

o.1349

o.2826

o.2514

o.9948

o.1436

o.4057

o.5190

o.4111

o.4334

o.3947

o.2804

1.0068

o.4294

1.873

o.945

o.763

1.760

2.463

1.548

r.779

o.678

1.400

1.418

o.786

o.777

o.587

o.765

r.o25

0.619

r.752

NS

*

0.2593 r.773

o.2C4.6 2.ó94

0.9950 0.579

0.0687 6.410

0.3623 1.359

0.3878 2.173

1.170 0.691

0.2970 2.392

o.5012 1.980

1.0199 0.451

0.2070 z.ru
0.3481 1.083

0.3496 1.718

o.3M4 2.065

NS

I

NS

+*

NS

I

NS

I

NS

*

NS

*

m signiûes that the mean for'high''MAI'subgFoup (XH) was signifi.cantly greater (pSp.O5)
than the mean for low MAI subgroup [XL)

v signifies that the varia¡.ce ín the 'l.ow' 'MAI' suþg¡oup was significa¡t]y greater (p<O.O5)
than that in the 'high' ']!!1[" subgroup (with X{, . Xrt)

After log transfo¡rnation

Based on va.riances for 26 observations in the 'high' MAI subgroup (S2u) a¡d 26 in the low
(S2il, i.e. a total of 52 obse¡vations. The critica-l values of F for significance at the 5% (*)

and 1% (*+)levels are 1.95 and 2.60 respectively.



APPEIYDIX TABLE 2-2 - E. saligno: nutrient ratios selected as important for DRIS,
shown with criteria for selection. provisional DRIS standards a¡d 3va¡iance ratios

2ozuS Sta¡dards
Nutrient

ratio
tcrite¡a
for ratio
selection

2Mean

x

2std..Dev

SD

3variance
ratio

(S1-/s2H) Sig.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(10)

N/Ca

P/Mg

P/B

K/Ca

K/Mg

K/Cu

K/Fe

KlZn

K/AI

K/Cl

r.1248

-o.6349

-5.469

o.r744

1.1016

-2.ru)

-4.653

-3.267

4.600

o.6108

o.3362

0.2650

0.3061

o.3585

o.2945

o.3954

0.2650

0.1er5

0.4891

o.2739

r.2u
2.207

1.547

o.608

1.370

o.596

1.O38

1.590

1.O13

1.289

NS

NS

2

.f

m si$nifis5 tJ at the mèan for'high MAI subgroup (XH)i5 signíffsantty (Ê0.05) gpeater tJean
the mean for'low'MAI subgroup (XL)

v signifies that the variance in tJ:e 1ow' 'MAI' subgroup was significantly greater (p>0.O5)
- than that in tJre 'high' 'MAI' subgroup (v¡ithxl . XH)

After log transfor:m.ation

Based on varia¡rces for 13 obserrrations in the 'high' MAI subset (S2H) a:rd 21 in the
low' (ST), i.e. a total of 34 observations; the critica,l value of F for significance at the 5olo
level (*) is 2.54.



APPENDD( TABLE 2.3 - E. delegatensrs ratios selected as importaat for DRIS, shown witJ: criteria for
selection, provisional DRIS standards and variance ratios

Nut- lCriteria
ratio for

ratio
selection

2ozuS standa¡ds 3varia¡rce

Mean std.Dev 
ratio

X SD (91/SPH)Sig.

(1)N/P

(2) N/K

(3)N/Ca

(4)N/rvrg

(5) N/S

(6)N/B

(7) N/Cu

(8)N/Fe

(9)N/Mn

(10) N/Zn

(11) N/Ar

(12)Ni Cr

(13)P/N4g

(14) P/B

(15)P/Fe

(16) P/Mn

(17) P/^Al

2.698

o.9506

I.724

2.296

2.638

-2.360

-o.4599

-3.483

-5.25r

-2.389

5.764

1.862

-o.4u26

-4.U9

-6.182

-7.950

3.066

o.1423

o.2270

0.3493

o.2326

o.1 181

0.382A

0.2391

o.181 1

0.7685

o.1236

o.3113

o.4æ4

o.2018

o.3753

o.19 17

o.7870

o.3827

3.258

o.979

1.061

2.293

4.365

1.673

2.672

3.168

o.847

r.175

3.939

7.952

2.278

L.2r9

2.970

o.756

3.228

Nut.
ratio

(18)K/Ca

(19)K/rug

(2O)KtB

27)KlFe

(22) Kltúr:

(23)K/Ar

QÐCallvln

(25)S/B

(26)S/Fe

(27) S/Mn

(28) S/Ar

(29)SlZn

(3O) Cu/Fe

(31)Cu/Mn

(32) Cu/AI

(33)Cu/Cl

(34)Fe/Mn

(35) znl N

lCriteria zozuS sta¡da¡ds 3va¡ia¡rce
for ratio
ratio MeAq Std.Dev.

selection X SD (9ll9rtsig.

m,v

m

m

m,v

v

m

v

m

m

fI].

m,v

m

m,v

m

rn,V

m

m,v

NS

NS

NS

NS

NS

*

NS

NS

NS

ns

*

NS

NS

+

NS

*

m 0.7733

m 1.345

m -3.311

m -4-4U

m -6.242

m 4.813

m -6.975

m -4.998

m -6.727

m -7.890

m,v 3.126

v -5.U27

m 3.023

m -4.792

m 6-224

v 2.322

m -1.768

m,v 8.153

0.4059 0.574

o.27r 1 1.205

0.3514 r.326

0.2807 0.835

0.7228 0.903

0.3921 r.9A2

0.6608 r.230

0.3154 2.025

0-.1977 r.326

0.7205 0.854

0.3109 2.33r

o.1309 2.887

0.2903 1.74r

o.8715 0.913

o.Mr2 r.977

o.4r97 2.244

0.7608 0.659

0.3568 2.9126

NS

NS

a

NS

**

NS

I

NS

*

NS

**

2

3

m signifìes that the mean for the 'high:'MAI' subgroup (X¡¡) was significantly greater
(p<0.O5)from the me¿ur for the 'low' 'MA[' fr¡) subgroup

v, signifies that the variance in the low' MAI subgroqp was significa:etly greater (pSO.O5)
than fls variance in the 'high'MAI subgpoup (withX¡< X¡1¡

After log t¡ansformation

Based on 18 observations in the 'high' subgroup (S2n) anð.24 in the low', (S2¡)i.e. a toþl of
42 observations; the critical values of F for significance at the 5% (') and 1% level ('*) are
2.2O and 3.1O respectively.



APPEI{DD( Tä'BLÞ 3.1 - List of formulae used to compute 14 Dzus indices
for the E. regtøts'st¡ndard' dataset (52 obèervatjons)

(9)

(7)

(8)

(s)

þ)

(r)

(2)

(3)

(4)

P-index =

+ f(N/S) +f(Ni B) + f(N/Fe) + f(N/Mn)+ f(N/zn) + flN/Al) + f(Ni cl)

K-index- - fiN/K) +ftK/Ca)+ fK/Mg) +ftK/B) +ftK/Mn)+ftK/Al)
6-

Ca-index =

Mg-index =

Al-index =

Na-index =

Cl-index =

(1O) B-index =

(1t¡ Cu-index =

(12) Fe-index =

(13) Mn-index =

(14) Zn-index =

S-index =
-r(w/S) + f(S/B) + f(S/Fe) + (S/Mn) + f(S/Zn) + f(S/At)

-f(N/Al) - f(K/Al) -f(S/Al) -f(Cu/Al) -f(Fe/Al) -f(znt/J.)
6

f(Na/CI)

-f(N/CÐ - flNa/Cl)
2

-ftN/B) -rüçln)-r,"ru,
3

f(Cu/lVfn) + f(Cu/Zn) + f(Cu/At) + f(Cu/Fe)



APPENDIX TABLE 3.2 - List of formulae used to ccmpute 11 DzuS indices
for the E. salignø 'standard.s'dataset (34 observations)

(1) N-index = f(N/Ca)

(2) P-ind.ex = tF/¡[Ð+iryÐ

(B) K_ind.ex= f K/Ca) +f [K/Mg)+f[K/Cu)+f tK/Fe) +f Ullzn) +f [K/Al)+f K/Cl)

(4) Ca-index= :W@T-I_û(/Çê)

(5) Mg-index = J tP/wts! ¡'(54a€)

(6) Al-index = -f tK/Al)

(7) Cl-index = -f K/Cl)

(8) B-i¡dex= -ftP/B)

(9) Cu-index= -fK/Cu)

(10) Fe-index = -f (K/Fe)

(11) Zn-index = -f (KlZn)



APPEI{DIX TABLE 3.3 - List of formulae used to compute 13 DzuS indices
for the srrrvey-bas ed E. delegøtensis 'sta¡rdards' dataset (42 observations)

(1) N-index - f[N/P)+ flN/K)+f[N/ca)+tlN/MEù + (N/S) +(N/B) + f(N/cu)+llN/Fe)+flN/Mn) + flN/zn)+flN/Al)+flN/cl)
t2

-nN /P) + f(P / Mg) + f(P / B) + f(P /Fe) + f[P/ Mn) + f[P / Al)(2) P-index = ^\¡! ' ^ '' T ^\r ' ¡Y¡É, T ¡\¡ 
6

/oì r. :^Å^__ -ftN/K) + fK/Ca) + ftKi W)+ f[K/B) + f[K/Fe) + fK/Mn) + f[K/41)
tÐj .i'L-IIlGeX = T

(4) Ca-index =
-flN/Ca) - fK/Ca) + f(CalMn)

3

(5) Mg-index = ilN4vIgL{E#g) - rtK/Mg)

(6) S_index= 
-f(N/S) + f(S/B) + f(S/Fe) + f(S/Mn) + f(SlZnl + f(S/Al)

6

(7) Al_ind.ex = 'f(N/41) - f(P/Al) - f(K/Al) - f(S/41) - f(Cu/Al) - f(ZnlAl)
6

(8) B-ind.ex= -ftN/B) - f(P/B)- ftK/B) - f(s/B)
4

(9) Cl-index =
-f(N/CÐ - f(Cu/Cl)

(10) Cu-index - -f(N/Cu) + f(Cu/Fe) + f(Cu-/Mn) + f(Cu/Al) + (Cu/Cl)
5

(11) Fe-ind"* - -f(N/Fe) - f(P/Fe) - f[K/Fe) -f(S/Fe) 'f(Cui Fe) + f(Fe/Mn)
6

(72) Mn-index =

(13) Zn-index = 
-



APPEIIDIX 4 - DzuS indices and sums for'standa¡ds'datasets



ÀPPENDIx TÀBLE 4.1 -Esti¡nated nean annual incre¡nent (MÀI), .yieId, catêgory (hi9h or Iow), DRIs indices,
and corresponding absolute sun of DRIS indices for each sample in the E.regnans
'standards ' dataset

Subset N P K ca Mg siÀINaclBcu F e I'ln Zn*

1

2

3

4

5

6
't

I
9

10
11
L2
13
14
15
L6
L1
18
l9
20
2L
22
23
24
25
26

MÀI
(rn)
3.7
2.4
2.7
1.8
0.6
2.6
3.2
1.8
0.8
3.3
2.0
t.2
0.7
3.5
L.7
0.9
2.2
1.0
2.0
0.8
2.0

, ;:;;--;:;;--;.;;-:;.;;--;.;;--;.;i':,:iî"1,.;;--;:;;-:;t;;--;:;;--; .;;- _;.;;-:;.;;
H 0.17 0.10 0.07 -0.13 0.06 0.21 -1.30 0.14 -0.23 -0.44 0.05 0.33 0.44 0.26
H -0.13 -1.90 0.10 -0.52 0.38 0.00 1.11 1.29 -0.36 -0.26 -L--tO 0.58 0.23 0.05
L -1.61 -1.29 -0.35 0.78 t--16 0.69 0-89 0.93 0.15 0.75 -O -44 -O-O1 0-4'7 o.49
L -2.84 -0.15 -0.97 r.6'1 2-55 r.46 2.79 0.51 0.89 L.r4 -2.13 -0.03 1.36 -0.60H 0.08 -0.?5 -1.04 0.32 1.17 -0.29 1.87 -0.10 0.43 -1.28 -1.09 -0.04 0_46 -0.28H 0-65 L.47 0.52 -0.84 -0.97 0.31 -1.47 L.6L -2.43 0.01 -0.46 0.1S -0.18 0.65
L -t.24 1.07 0.07 0.38 0.60 -0.32 1.19 -1.73 0.85 1.02 -0.99 -0.55 0.44 L.O7
L -2.27 t.81 -0.12 1.81 L-'t6 -t.'74 1.13 -2.81 1.84 1.S9 -1.65 L.2g L.L2 0.68
H 0.06 0.44 0.06 -0.36 -0.70 -0.37 -0.68 -0.96 -0.02 0.85 -1.09 1.15 1.20 -0.59H -1.38 0.55 -0.66 t-62 0.67 -0.86 0.17 -2.65 1.73 2.26 -t.-12 -0.46 2.Lg 0.88
L -1.86 0.08 -0.14 r-22 1.36 -1.48 0.82 -2.69 2.08 L.L4 -2.L8 1.08 1.78 1.41
L -3.24 1.70 -0.76 2.27 2.31 -1.01 L.69 -2-79 2-43 1.95 -3.40 1.40 2.40 1.38
H 0-33 1.30 0.96 -0.71 -0.94 0.53 -1.09 0.51 -0 -96 -0.74 0.65 0.79 -1.46 -0.15L 0.36 0.72 0.32 0.11 -0.13 -0.86 -1 .22 -0.14 -0.34 0.11 1.02 -0.96 -0.25 r.-1 6
L -1.45 L.67 -0.44 1.61 L.O4 -2.76 0.69 -0.90 0.68 2.06 -0.64 1.07 0.28 1.90
H -1.03 -1.46 -0.22 0.75 1.66 -.1.03 0.80 -0.95 0.90 1.48 -0.46 -O-74 1_09 L-2r
L -0.43 -1.02 -0.13 0.33 1.54 -0.43 0.23 -0.73 0.28 -0.09 0.02 -0.31 1.10 0.05
H 0.25 1.17 0.65 0.37 -1.55 0.35 -0.25 1.35 -0.84 -0.82 0.36 -O .62 -0.10 -0. o2
L -1.15 L.25 -0.2L L.'15 0.25 -1.07 0.'1 4 1.43 -0.53 0.52 0.12 0.06 0.17 1-10
H 0.45 -0.31 -0 -62 -0-L6 0.19 -0.15 -1.08 0.45 -0.2't -0.16 0.59 0.49 0.31 0.06
r{ -0.43 1.03 0.24 0.78 -0.48 -0.36 1.13 -0.60 0.48 -O-17 0.01 0.89 -1.18 _0.56
H 0.00 -1.2't -1.15 L.25 1.93 -0.23 1.34 -0.12 0.51 0.96 0.10 -0.88 o.4r _0.56
L -0.64 -2.O4 -2.07 2.L5 2.60 o.06 0.6S -0.34 0.53 1.38 0.23 -1.40 1.15 o-16
rr 0.35 0.05 0.48 -0.23 -0.95 0.28 -0.48 0.05 -0-42 1.03 1.44 -0.55 _1 -27 _0.L4
L -0.22 -0.26 -O.4,6 1.59 0.04 -0.35 0.10 -0.30 -0.05 1.75 1.63 -0.30 _0.93 _0.20

Su¡n of
indices
11.94
3.94
8.61

10.68
19.08

9 .2r
tL .'1 4
rt .52
23.16
8.53

18.43
19.32
28.79
11.14
8.30

t1.2L
13.78

6 .69
8.71

10.34
5 .29
8.35

11.32
16.04

7 .'12
I .19

a

.4
-9
-6

21 0.6
28 2.0
29 0.8
30 2.5
31 0.6
32 0 .7
33 1.8
34 0.5
35 0.6
36 2.3
37 2.7
38 L.2
39 0.3
40 2.1
41 1.4
42 0.6
43 3.0
44 1.9
45 2.8
46 2.8
4'I 2 .8
48 1.1
49 0.5
50 2.5
51 2.7
52 1 .0

L
H

L
H

L
L
L
L
L
H

H

L
L
H

L
L
H

H

H

H

H

L
L
H

H

L

-0 .96 0 .57 -0. s3 0.33 0 .61 -o .30, 2 .80 0 .97 -0 .35 0.19 -1 .55 -0 .20 0 . s3 -0 .53 10.73
-0.56 -0.23 0-43 0.23 0.59 0.12 -0.46 -O.4'1 0.5'7 0.07 -0.34 _0_48 0.81 0.64 5.99
-0.86 -0.19 -0-10 0.33 0.90 -0.56 0.54 1.29 -0.03 1.29 -0.51 0.04 0.41 0.36 7-44
-0.75 -0.13 -0.06 -0.13 0.75 -0.15 0.63 0.73 o.10 o.2s _0.71 0_59 0.33 _0.04 5-37
-L-76 0.42 -0.53 0.92 2.lL -0.22 ]--'t2 1.10 0.18 1.63 -1.50 -1.09 1.31 0.84 15.30
-L.74 1.05 0-6s -0.07 1.08 -0.84 L.L2 -2.49 1.93 0.35 -0.39 0.12 -0.01 1.37 13.210'07 0.36 0.36 0.30 -0.05 1.54 0.05 0.89 -0.96 -O -65 -2.74 -0.38 -0.62 LL4 10.11
-1-87 1.84 0-42 1.44 1.00 -1.25 -0.23 -L.41 0.82 2-51 -0.60 0.12 -0.16 2.4r L6.2L
-1.40 0.79 0-18 0.86 L.22 -0.9'1 o.0o -1.55 1.00 1.35 -1.30 -0.37 1.09 2.L3 L4-22
-1.41 L-67 1-68 -0.97 -0.70 L.42 0.23 -0.99 0.70 -1.17 -0.48 0.74 -1.03 0.39 13.570.00 0.22 0.6e -1.60 -0.95 -0.2S 0.89 -1-79 0.58 _0.53 _0.36 o.70 0.02 _0.61 g.i¡
-1.14 0-40 -0.19 -0.16 0.54 -0.70 2.36 -0.14 0.38 1-20 -1.93 L-46 0.80 -1.42 13.43
-1.52 -0.20 -r-42 1.36 1.80 -2.93 3.49 -3.02 2.10 3.48 -2.22 0.82 l-34 -0.03 25.730.13 0.57 0.28 -0.66 -0.10 -0.59 -0_01 0.99 -1.15 0.24 0.31 _0 _04 _o-26 0.36 5.70
-0.43 0.15 0-04 0.50 0.64 -0.3? -0.25 -0.18 0.03 0.13 0.15 0.45 0.35 _0.06 3..14
-1.36 0.15 -0.03 0.99 0.92 -1.58 0.04 -0.16 0.44 2.51 _0.13 L-7g 0.72 _0.41 11.840.87 -0.19 0.19 -1 .24 -0.6't 0.06 -0.49 0.27 0.03 _0.43 0.24 _0.14 o-12 _0.46 6.620.41 -0.44 -0-66 0.17 0.54 o.70 -0.60 0.29 o.O6 _0.82 0.57 _1.73 o.s2 0.68 8.580.28 -0.45 -0.79 0.89 0-35 0-22 -0.01 o-08 0.38 0.2S 1.14 o.O8 _1.23 _0.35 5.570.79 -0.18 0-69 -0.80 -0.73 0-72 -0.64 0.25 0.16 _0.93 1.62 _0.1g _r.38 _0.36 10.03-0.38 -1.05 -1.32 2-50 1.23 -O_16 0.-19 1.30 -0.12 1.19 0.58 0.39 _0.14 _0.71 12.53-1-03 -0.26 -1.15 1.39 1.78 o-L2 0.58 1.35 -0.16 0.75 0.20 _1.23 L.12 0.82 11_92-0.79 -0.57 -r.66 1.60 2.14 -O.46 o.4s o.o6 0.54 1.20 0.08 _0.65 r.26 0.56 12.030-53 -1.10 -0 -70 -o.21 0.52 -0.07 0-38 0.58 0.06 _o -22 _0.08 _0.78 0.72 _0.19 6.19
-0.23 0.51 -0-08 0.63 -0.46 -1.04 0.13 -0.32 -0.32 0.39 _0.44 0.?1 o.6s 0-32 6.220.34 0.38 0.10 -0.29 -L.05 -0.84 1.19 0.67 -0.85 _1.55 0.17 _0.89 0.65 0.71 9.69



ÀPPENDIX TÀBLE 4.2 - Esti¡¡ated rnean annual incre¡nent (MÀI), .yieId, subset (hi9h or low),
individual DRIS indices , and absolute su¡n of indices for each sanple
in the E- saligna .standards' dataset

# MÀr
(m)

1 2.8
2 2.0
3 1.r
4 2.2
5 2.7
6 0.8
7 3.0
I 3.5
9 1.9

10 4.0
11 2.2
L2 1.8
13 4.8
14 2-3
15 3.0
15 1.4
l'l 2 -2
18 0.9
19 4.1
20 L.7

subser 
_I_____:_____:_____::___ i:,,,1å.,. _:l____:_____::____::____::_ ;;är::,

H

L
L
L
H

L
H

H

L
H

L
L
H

H

H

L
L
L
H

L

-0.93 0.32 -0.56 1.13 -1_03 0.91 0.98 0.5? 0.02 0.95 0-5-1 7-sa
-1 .68 -0 .25 -1 .10 1 .78 -0 .15 1 .54 2 .12 o .58 o .26 1.15 0.94 11.54
-2.11 -0.46 -1.19 2.33 -0.12 1.58 2.39 1.06 0.36 0.94 0.61 13-t4
t.L2 1.28 -1.98 0.14 0.63 1.61 -0.39 -1.58 2.58 1.61 4.85 I-1.77

-0.32 0.11 0.01 0-22 -0.11 -0.96 0.L4 -0.26 0.15 0.69 0.05 3-03
-1.02 -1.13 -0.67 0.89 r-44 -L.20 1.70 0.49 0.88 0.19 L.23 10.84

1 .16 0 .80 -0 .25 -0. 86 -0 .79 0.44 -0.50 -0 .44 0 .57 1.65 0 .55 8.00
-0.08 0.416 1.04 -0-37 -1.19 -1.53 0.18 -0.14 -0.03 -1 -L6 -2_26 g_45
-2.L2 -0.94 -0.19 1.51 0.30 0.19 1.20 1.11 0.01 0.23 _1.05 8.85
0.85 0 .28 0 .414 -0 .81 -0.54 -0 .L7 -L.13 -0.18 -0 .11 0.28 _0.48 5 -28

-1.43 -0.57 0.13 1.18 0.39 0.29 -0.93 0.36 0.07 _1.02 _0.23 6-6t
-0.98 -1 .07 -1 .56 0 .73 2.OO 2.03 L .73 0.12 0.64 3.29 0.80 14.95

0 .37 0.38 0 .57 -0 .49 -0 .15 -1.64 -0. 85 _O .39 0.34 _0.97 _0.35 6.51
0.2't 0.32 -0.02 -O-r1 0.50 -0.08 -0.55 _0.96 0.16 _0.40 0.36 .3.-Ig

-0.35 -0.66 -0.32 0-25 0.84 1.55 -0.68 0.15 o.!2 _0.-76 1.35 1-02
-1.86 -2.L7 -L.60 2-L5 2.47 I.'74 0.93 1.90 0-92 0.58 2.Lg 1S.44
-1.88 -2.53 -2.12 2.03 3.02 3_02 2.O5 L.-11 0.54 1.94 2.3s 23.30
-1.99 -3.25 -2.00 2.03 3.61 I.6't 2--tO 2.40 t.26 0.24 2.81 24.02
2.38 1.68 t.L4 -2.27 -1.39 -O-47 1.39 _2.05 _2.11 _r.03 _1.48 18.05

-0.6't 0.64 -0.64 0.s3 o.15 0.86 1.69 _1.63 _0.81 0.63 0.59 g-44

2l
22
23
24
25
26
27
28
29
30
31
32
33
34

1.5
2.2
2.2
2.2
3.1
L.1
1.0
3.2

.6

.2

.9

.9

1.1

L
L
L
L
H

L
L
H

L
H

L
L
H

L

1.01 1.84 -1.09 -0_18 -0.45 1.,3 1 _0.2! _2.L-7 0.68 2.10 2.50 13-540.61 -0.30 0.13 -0.49 -0_02 -0.07 _0.08 0.55 0.09 _0.54 0.11 2.ss
0_93 -0.37 -1.1s -0.32 0.45 0.97 1.51 0.51 1.88 0.48 2.2g 10.88
0 .92 0 .72 -L.17 -0 .2'7 -O .23 0.93 L -92 _O .75 1 .55 1 .13 2.10 11.70

-0.51 -0 .56 -0 -32 0 .59 0.24 -0 -2t _I .L7 0 .95 t -.11 0.14 0 .-1-1 1 -24
-0.04 -0.41 -O-72 0-38 L.62 _L.09 0.35 _0.43 1.36 0.68 I.02 8.10
-0.22 -0.63 -0.61 0.60 1.71 -0.02 0.10 _0.11 1.64 _0.84 0.79 7.33
-1.09 -0.40 -0.71 1.23 1.07 0.38 _0.37 0.15 0.17 L.67 0.22 1.45
-1.05 -0.98 -1.46 L-41 2.31 0.88 0.69 0.24 0.75 t-42 1.64 12.88
-0.81 -0.65 -0.53 0.93 1.18 0.33 0.49 0.37 0.36 _0.9s 1.OO 1.62
-1.13 0.26 -0.59 L.26 0.03 0.53 _0.88 _0.37 0.85 L-24 0.80 .1.g4

-1.28 0.32 -0.28 1.23 -0.11 0.46 _0.14 _0.53 0.00 _0-25 0.86 5.41
-0.93 -2.09 -0.50 0-61 1.37 !.44 2.07 2.24 -0.75 -0.0'7 -0.29 12.37
-1.01 -2.75 -r-2t 1-07 2.56 1.48 2.24 2.31 0.19 0.84 0.68 16-35



ÀPPENDIx TÀBLE 4.3 - Estinated mean annual increment (MAI), 'yieId' subset (high 0r low), individual
DRIS indices, and corresponding absolute sum of indices for each sanple in the

E. deleqatensis'standards' dataset

# MÀr
(n)

I 1.7
2 3.'t
3 1.5
4 t-7
5 2.0
6 1.1
7 0.5
I 1.1
9 0.4

10 3.2
11 1.9
L2 1.0
13 2.6
L4 1-3
15 0.7

Sum of
indices
5 .66
'1 .52
I .6't
9.75

10.05
2I .71
35 .23

6 .48
13.73
6.39

11.99
16-59

6 .54
12.00
r3.33

Subset N P K caMgs ÀI cI B cu Fe Þln Zn

" ;:;;--; .;;--; .;;--;-.;,-;.;;.'; . ïi":ä .;;-:; .;;-:;:;;--;:;;--; .;;-:; .;,--; .;;
H 0.07 0.80 0.08 0.18 -0.30 0.12 -0.47 -0.36 -0.81 1.35 1.05 -1 .7't -0.r'l
H -0.09 -0.17 -1.r5 t.92 t.44 -0-23 0.44 1.29 -0.51 -0.28 0.13 -0.42 0.60
H -0.12 -0.58 -0.73 0.47 1.17 -1.10 0-21 0.91 -0.28 -1.31 0.98 1.13 0.70
H 0.34 -1.!2 -0.68 -1.02 -0.11 -0.74 1.63 -0.24 0.84 -0.62 0.15 L_24 -t.32
L -2.28 -1.81 -1.60 0.14 3.08 -0.22 3.70 1.19 I.27 -L-3't 1-35 2-13 -1.63
L -3 -r3 -2.76 -2-55 0.79 5.48 -1.13 4.94 2.L9 L.95 -2.'1t 2.92 2.82 -L.85
L -1 .46 -0.02 0.46 -0.08 0.35 -0.22 1.87 0.06 -0.19 0.19 0.19 0.64 -0.'t5
L -2.15 -1.00 -0 - 82 0.31 2 .LL -0 .32 1 .88 1.17 0.78 0 .48 2.24 0.10 -0 .35
H 0.33 0.38 0.22 -0.76 -1.05 0.18 -0.66 -L.25 0.73 -0-38 0.09 0.08 0.28
H -1 - 19 -0.36 -0.65 0.93 1 .71 -0.59 -0.23 -1 .61 1.83 -0 .02 1 .20 0 .44 1 .21
L -1.83 0.61 -0.96 0.78 1.70 -1.68 -0.41 -1.93 1.82 0.05 2.40 L.2I I-2I
H -0.19 0.71 0.20 0.66 0.48 0.35 -0.95 -0.01 1.07 -0.29 -0 -41 -0.67 0.49
L -0-2s -0-07 -0.71 L.64 2.15 0.03 -1.35 -0.42 1.84 -1.50 0.01 -0.02 1.40
L -0.99 0.18 -0.58 L-46 2.L2 -L.31 -0 -47 -t.69 t.'I 6 0.26 0.'t6 0.00 L.14

16 2.0
t7 0.9
18 2.L
19 0.8
20 2.O
21 0.6
22 1 .9
23 0.9
24 2.0
25 2.7
26 1.1
21 1.4
28 0.8
29 1.4
30 0-5
31 1.0
32 1.0
33 0.9
34 L.6
35 0.8
36 0.5
37 2.4
38 0.9
39 2.3
40 1.3
4L 1.9
42 0 .7

H

L
H

L
H

L
H

L
H

H

L
L
L
L
L
L
L
L
t{
L
L
H

L
H

L
H

L

0.94 -0.47 0.24 -0.48 -0.85 -0.07 -0.54 -1.15 0.19 0.62 0.68 -1.41 0.58 8.23
-1.06 -0.32 0.04 0.74 0.85 -0.86 1.41 -0.03 -0.08 0.85 1.35 -0.68 -0.29 8.55
-0.51 -0 .35 0 .89 -0.45 0 .41 0. 39 -0 .14 1.13 0.24 -0.28 -1.35 0 .93 0.13 7 .21
-L.32 -0.77 -0.48 0.53 2.25 -O.18 1.39 1.83 0.80 -0.78 0.82 0.71 0.50 13.16
-0.56 -0.46 -0.28 0.12 0.61 0.83 0.83 0.86 -0.01 0.29 -0.53 0.60 -1.64 -1.62

-1.81 -1.03 -1.11 0.75 3.06 -0.55 1.58 2.2I 1.19 -1.52 L.23 L.2L 0.20 L'l.45
-0.05 0.41 0.28 -0.05 -0.52 -0.0s -0.27 1.05 -1.24 0.14 0.00 -0.04 0.63 4.80
-1.39 -0.92 -0.28 0-62 2.19 -1.14 0.78 t.47 0.02 -1.25 2-26 0.62 1.06 14.00
0.11 0.L-l 0_45 0.15 -0.54 0-!.4 -0.?3 0.08 -1.18 0.38 0.45 -0.45 0.'19 5.62

-0.94 -1.13 0.21 -0.43 0.10 -0.05 1.54 I.67 I-22 -L.45 0.03 1.34 -0.65 LO.7'1
-2.43 -2.72 -L-1t 1.05 3.55 -2.34 3.70 3.38 2-52 -3-42 2.69 2.85 -0.09 32.46
0.17 -1.02 -0.19 -0.82 0.28 -0.45 r-57 0-59 -0.45 -L.14 0.94 0.99 -0.94 10.14

-1.69 -0.86 -0.06 0.00 2-54 -0.L6 0.87 0.2) 0.15 0.10 0.11 1.69 -0.05 8_57
-1.10 -0.50 0.21 -0.33 -0.20 -0.34 I.24 -0.34 1.99 0.56 0.48 -0.03 -0.58 7.89
-2.28 -2.30 -1.1r 1.04 3.47 -1.43 3.29 t.L2 4.L7 -I.92 2.24 0.34 -0-28 24-98
-3.97 -0.37 -0.60 2.10 3.46 -0.58 2.79 L.2't 3.?8 -0.50 1.34 I-07 -2.20 24.03
-2.2'1 -0.50 -0.7't 0.40 2-04 -0.14 2.37 t.11 1.00 -0.54 I.'12 0.31 0.40 14.83
-1.84 1.00 -0.31 0.91 L.61 -L.12 -0.23 0.29 1.11 -0.15 0.38 1.02 1.60 11.?O
0.34 -0.46 -1.07 0.02 0.30 -0.68 1.35 -0.44 0.41 -1.05 0.26 0.75 _0.37 7-5L
0-18 0.31 -0.98 0.59 L.L9 -2.91 -0.13 -0.5? 1-69 -0.89 0.52 1.08 !.26 12.29

-0.54 r.26 -O.'19 0.44 r.43 -2.76 0.06 0.92 1.84 -1 .54 -0.38 1.61 1.50 15.07
-0.25 0.38 0.56 -0.40 -0.39 0.42 -2.10 -0.07 0.48 0.99 -0.89 0.80 0.73 8.4-l
-L.62 -O.44 -O.94 0-72 2.31 -0.44 -0.50 r-49 1.82 0.08 0.60 1.39 0.42 12.80
0.42 1.65 1.84 -1.16 -L-72 0.61 -0.38 -0.33 -1.82 0.16 -0.89 -1.16 o.O0 12.15

-0.80 -0.08 -0.95 0.66 1.49 -1.02 1.94 3.57 -0.05 -2.03 0,67 1.11 -1.29 15.66
0.82 0.12 -0.17 0.09 -0.83 0.34 0.41 -0.95 -0.62 0.80 -0.99 -0.17 -1.37 7.68

-0.20 -2.22 -0.90 0.78 t-44 -O-11 2.15 -0.31 0.52 0.07 0.56 o_76 -1.13 11.82



APPENDIX 5 - Scatterplots of yield index ('MAI') on absolute slrm of DRIS indices
for'standa¡ds' dataset
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FTGURE 1 - Scatterplot of esti¡nated Dean annual incre¡nent (MÀr) on absolute sun ôf DRrS indicês for theE.regnans tstandards' dataset
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APPENDIX TABLE 6 - Growth a¡d lfoüa¡ concent¡ation data from fertiliser trial Ar^l}2g-2 used. to tesprovisional DRIS strndards for (A) E. regnans and (B) E. satígnn
(General mezns for the two species are compared in (C)) -

(A) E. REGNá]VS

Trt 3Mertt
ht

(cm¡

353a

4O2a

1 19b

178b

r27b

t22b

3Meao
ht

(cm)

263a

288a

78b

93b

&b

æb

4ùIean
ht

inc¡.
(cm)

12l.a

137a

16b

45b

18b

18b

4Mertt
ht

incr.
(cm)

69a

73a

15b

26b

1lb

10b

1.94 o.Oy)

1.77 0.076

r.62 0.066

r.75 0.088

1.85 0.067

18.Oa 4.4b.

15.7b 3.3c

15.7b 6.1ab

13.3c 4.2c

16.3ab 7.1a

4g+b r4.7

666a 12.7

68a 15.3

38Ib 15.3

77Oa 19.3

NPKCaMg
------------% oven dr¡r wt

B Cu Mn Zn N/I
- - - - - - - - - -ppm oven dry wt

Alt

NP

Nil

AIl-N

AlI-P

0.818 0.458 0.287

0.665 0.459 0.286

0.617 0,494 0.32r

0.795 0.480 0.294

o.72r 0.522 0.298

21.

23.

28.

20.

28.
II.NP

(B) E. SALTGNA

NPKCaMg
---- - --- -- --% oven dry wt ------------

B Cu Mn Zn N/p
------ ----ppm oven dry wt

All

NP

Nil

AlI-N

AII.P

ATI-NP

2.O5 0.112a

I.92 O.1O7a

I.82 O.064bc

1.78 O.085ab

1.68 O.O44c

O.92Oa 0.955 0.376

0.857a 0.876 0.386

0.603bc 1.129 0.422

0.675b 1.148 0.458

0.485c 1.143 0.431

31.7ab 8.3

26.0b 7.2

39.7a 9.9

36.3a 8.8

37-7a 9.3

599 b 19.7 18.3 r

610 b 17.0 18.O r

1393 a 19.5 29.8 t

Í]4l1b 2O.2 2l.Ot

11O3 ab - 39.5 r

Note: Values in the same column follow_ed by the same letter do not differ signifÌcantly atthe 5% level [^SD test); where no lettering is shown the values in a coluän do noi ditrersignificantly

- = no data



APPENDD( TAaLE 6 - (Cont'd) ...

(C) COMPARISON OF GENERAL MEAJ\ÍS FOR THE TWO SPECIES

2Tta+ 3Mean 4Mean
ht ht

incr.
(cm) (cm)

NPKCaMg
- -- ----- - - - -% oven dry v/t ------------

BCuMnZnNip
---- --- ---ppm oven dry wt

E. regtøtts

E. sdigna

2I7a

r42b

59

u
r.78 0.078 0.723

1.85 0.083 0.708

o.482b O.294b

1.05Oa O.415a

599b 15.5b 2A.4

91Oa 22.9a 25.3

15.8b

34.3a

5.Ob

8-7a

Treatments
(1) Atl
(2) NP
(3) Nil
(4) Alt-N
(5) Al1-P

higttly significant species x treatrnent interaction was recorded in this trial

Foliage samples were col.lected. in Feb 1988 when the plantings were 2.5 years old

NPKCa.N{gS+E}, Cu,Zn
N P only
No fertiliser applied
As for (1) but no N applied
As for (1) but no p applied

The rates per application were (kg/ha) N:219, p:22,It1g0, ca:2tg,I\4g¡:51, s:3g
€/ha) B:475, Cu:178, Zn:777

thg lt P K, part of Ca a-nd rnìcronutrients were applied in readily soluble form-Sulphur was applied in elemental form; n4g, togã[Ëer-*itn t¡" bálance of òá *a" applied. as dolomite
Applications (broadcast) were rnad.e soon after planring in Jr::re 1gB5 a¡d were repeated. in theautumn of tlee following year

Based on heights measu¡ed in the winter prior to sarnpting

Winter 1986-1987 i.e. for second. year a_fter ouþlanting.



APPENDIX TABLE ?.1 - List of shortened formulae used to compute DRIS indices for -E regnansfolia¡ data from fertiliser trial AI( 1023-2 (as a test or tle provisional E. regtøts DRIS sra,.,da¡ds)

(1) N-ind.ex = r0¡1Zq)
7-

(2) P-index

K-index = ftN/Kl + fiK/Ca)+ f(K/Mg) I
5

ca-index = {ry1Ç#6_çaÌ

Mg-index=ry

B_ind.ex= {q%_tK¿Ð

(3)

t

(4)

(5)

I

(6)

i

(z) cu-index= ry

Mn_index _ -flN/Mn) - fK/l\fn) - f(Cu/Mn)
3

(e) Zn_index = -JgJ@#lzg

i As the test data lacked S, Fe,Al, Na a¡.d Cl values the 'fr:ll'forrrulae given in.{ppend.ix Table 3.2 wereshortened as necessaÐr to orclude any nutrient ¡atios involving tnes" "ît ie"t"

I

(B)

t



APPENDIX TABLE 7.2 - List of shortened formr:lael used to compute DRIS indices
for .E saligna foliar data from fertiliser trial AK 1032-3
(as a test of the provisional E. sdigw DRIS standards)

(1)N-index= f(N/Ca)

(2)p-i'dex = ryU-+{B-Ð

tõ\ r, ,,- , ___ f[K/ Ca) + f[K/ M€) + fü(/ Cu) + f(KlZn)
[.JJ ll-rfl.O€x =

i
-øN/Ca) - f[K/Ca)(4)Ca-index= tr

-rrplMg) - fK/Mg)
(5) Mg-index= t 

-(6)B-index = -ftP/B)

(7)Cu-index= -f(K/Cu)

(8) Zn-index = -füllZn)

t As the test data lacked S, Fe, Al, Na a¡d Cl val.ues the 'fi:ll' formulae given in Appendix Table 3.2 we¡
shortened as necessary to exclude any nutrient ratios involving these nutrients



APPENDIX TABLE 8 - Application of DRIS to test data from fertiliser trial AKIO23-2;
(Al E. regants a¡d (B) E. saligna

Trt IMean S,rn of
ht incr. DRIS

(cm¡ indices

CaMgBCuMnZn
- 2 ozus index

(A) E REGNÁNS

All 12r

NP T37

Nil 16

All-N 45

AII-P 18

0.30 -1.37

o.29 -r.92

-o.11 -2.48

0.06 -t.47

-o_o2 -2.4r

o.42 -O.U)

-o.o7 0.40

-o.38 0.76

0.60 0.28

-o.o2 0.50

o.51 -0.63

1.16 -O.49

L.77 -O.19

o.9+ -L.45

r.2L -0.65

0.æ -0.10 -1.35

o.20 0.41 -1.39

1.15 0.33 -1.06

0.63 -0.26 -O.74

0.99 0.30 -o.58

5.34

6.33

8.23

6.44

6.68

[B) E SATIGNÁ

Atl 69

NP 73

NiI 15

All-N 26

All-P 11

-1.O5 -1.39

-1.01 -1.30

-1.95 -4.O7

-2.m -2_89

-2.t6 -5.28

-o.38 0.82

-o.31 0.77

-2.30 2.r2

-1.86 2.Or

-2.U 2.51

r.45 0.59

r.76 0.1 I

3.73 3.27

3.19 1.85

4.83 4.27

5.90

5.60

2L.77

16.82

27.OO

o.09

0.00

1.81

1.19

2.r1

0.13

-0.35

2.52

1.81

3.O1

1986-87 i.e. for second year after ouþlanting

Calculated using shortened DRIS index equations shòv¡n in Appendix Tables 7.I and.7 .2

Signiff¿s no index



APPEIYDIX 9 - Scatterplots of yield index (CAI) on absolute sr:m of DRIS indices for test data
from nutrient subtractive trial AK lO32-2
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APPENDIX 10 - RESI'LTS OF STUDY COMPARING CONCENTRATIOI{S OF N, P, IL CA A}ID MG
IN SAIIIPLES OF EUCALYPT FOLIAGE WTTE A¡ID \PTIHOUT LEAT'S'TALK REXVIO\¡ED

SI'MMARY

Sarnples of .Ð. regnans leaves with petioles (teaf statks) detached had comparabie
concentrations of N, K, Ca and Mg to those ¡¡ 5arnples of whole leaves, but signiûcantly (pSO.O1)

higher P concentrations (1.052 tirns5 the concentration in whole leaves).

5arnFles of E. salígno- leaves with petioles detached had comparable concen.trations of N, P, Ca

and Mg to those ia sarnples of whole leaves, but signiffsantly (p<O.O5) lower concentrations of K
(0.966 times the concentration in whole leaves).

fhe provisional DRIS st¡nda¡ds were based 6¡1 sarnples with petiole detached. If applied to data

¡s¡ sernples of whole leaves of E- regnøæ, concentration values for P in oven dry weight should

be adjusted upwards by a factor of 1.052 similarly for E. saligna. K concentrations in whole

leaves shor:ld be adþsted downwa¡ds by a factor of 0.966.

INTRODUCTION

Iæaf analysis usually involves the whole leaf blade, but the possibility of a galn in diagnostic

sensitivity has led to i¡vesti8ation of separate portions of leaves as alternative stanfl¿¡-¿

sample tissues, such as leaf blade, petiole, orleaf blade less mid¡ib (Cabra.l, 1963, Leaf, 1973,

Martin Prevel et aL L987).

Leonard. and Wheeler (unpublished) reported that *" 
"orr'-Oution 

of the petiole to tota-l leaf dry
weight was 2.8'3 -47" for E. regnans and that ânalvses showed that the concent¡ation of
macronutrients in ¡¡s 5emp1e would be negligibly affected by exclusion of petiole rnaterial.
Tbey noted that for botl E regrlans a¡d .E delegatensis the petiole contains u.nder one half of
tlle amount of nitrogen but over twice tJle amount of calcir¡m found in tJ:e blade.

In this study, the concentrations of N, P, K, Ca, and Mg in a series of paired sa-urples of eucalypt

foliage with and without tJle leaf stalk attached respectively were compared for two eucal¡rt
species (8. regnans and E salígno)-



The original intention was for the samples to be analysed for the full range of
nutrients/elements determined in the DRIS sr:rvey (see Work Plen 1750). However foliar data

for S, Al, Na, Cl or the micronutrients B. Cu, Fe. Mn and Zn a;.e not availabie for the paired

samples.

METEOAS

Tïr'o species were studied, E. regutts a¡d E salígno- Samples of fuJly e4anded leaves produced

in the current season ¡vere collected from young trees (sta-nd age 2-3) of each species from the

upper thi¡d of crow:n. For each species twenty separate sarnples were collected from twenty
diflerent trees.

Each sam¡lle was well mlxed a¡rd divided into two subsamples. Of these. one subsample was left

intact, while the other had all petioles detached at the point of insertion into the base of the ieaf

blade. The resultan¿ 5amples were logged in pairs as either '+' and '-' petiole' respectively.

The individual samples were oven-dried, and later analysed in the sa:rre batch by the
preparation and ('wet'chemistry) a:ralysis methods described by Nicholson (1984).

The resultant foliar data for each species were subjected to a paired t-test.

RESI]LTS

The results of tJ:e study are suûunarised in the following.table:



.8. R.ÐGN,4]VS

Treatment KCa Mg

+ petiole

- petiole

1.852

1.831

o.249

o.262

0.632

o.638

r.o82

1.O97

o.2t7

o.234

SED o.o43 0.oo3 o.014 o.o27 o.016

Paired t statistic

Significance

o.47

NS

4.38

**

o.37

NS

o.54

NS

t.44

NS

E. S.{LIGNA

Treatment

+ petiole

- petiole

1.987

L,9U

o.097

o.099

o.7ß

o.721

o.9r2

o.922

o.2r5

o.22r

SED o.019 o.w2 o.or2 o.o18 o.004

Paired t statistic

Significance

o.10

NS

r.20

NS

2.æ

*

0.60

NS

r.73

NS

Note: *-
+*=
NS=

SÐ=

siqnifica:rt at the 5% level
signlns.t¡ at the 1% level
not significânt at the 5% level
standard error of diflerence of mean



REFERENCES

CABRAL, M.T.C. 1963: Studies in plan¡ nutrition. ^4. 1. Selection, collection a¡rd preparation of
rnaterial for leaf analysis. 2. Mineral composition of leaves of 8 eucalypt species. 3. Leaf

a-:ealysis. Procedures in the preparation of leaves. Estud. Inform. Serv. Flor. Aqùic,
Portugal No. 192-G3 86 p fPortugese].

LAWES AGRICULTURAL TRUST 1990: Genstat: A Genera,I Statistical Prograrn. pethernpstead

E:çerimental Station, Har¡lenden, Englan fl .

LEAF, A.L. 1973: plant ¡nalJæis as an aid in fertilising forests. W 427 _454 InL.M. wa.lsh a¡d
J.D. Beaton, (eds) Soil Testing and Pla:et Analysis. Soil Sci. Soc. Ámer. Inc., Madison, WI,

USA.

LEONARD, J.H. and WHEELER, P.J. 1971 (unpublished). Foliar nutrient levels in young
Eucalgpttts delegateræis a:rd Eucalgptus regnarß. NZ Forest Products Ltd. Technical
Centre, V/ood Technologr and Buildlng Materials Section Tree Growth studies - Report No.

2.

MARTIN-PRÉ\ÆL, P. (Chief ed.) 1982: Ch. 1 Movement of Nutrients in the plant. History of
Plant Analysis Pp 3-8 In Pla¡t Analysis as a Guide to the Nutrient Requirements of
Temperature and Tropical Crops. Lavoisier publishing Inc. New york.

NICHOLSON, G. (comp). 1984: Methods of Soil Water, and Pla-nt Analysis. New Zealand Forest

Service, Forest Resea¡ch Institute Butletin No_ ZO.



APPENDIX 11 - Glossary of terms used reLatlng to DRIS

SAIUIPLE FOR DRIS: a sunrey-based selection of sarnples used as the DRIS dataset to represent

the total NZ popr:lation.

DRIS : Diagnostic Recommendation and Integrated System - A mathematical mea¡ts of
ordering a large number of nutrient e.x¡rressions (e.g. ratios and/o¡ products) into nutrient
indices (q.v) that can be more easily interpreted.

DESIRABI-E' GROI/P : High-yielriing segment (subgroup) of the sarnple.

'UNDæIRABLE GRO|y'P: Low-yielrìing segrnsa¡ (subgroup) of lhe sernFlê.

CW-OFF UNJJE (for high- a-nd low-yielcli.Ê subgroups) : In ou¡ study we used. tJre general meân

of MAI (me¡n annual increment) r¡alues for the poputation sample. The actual cut-ofT value

used is not critical provided the high-yielding sub-group ¡srn¡íns normally distributed.

YIEI'D : In our study we used are approximation to MAI (mean annuat increment), calculated as

mear, tree height/5rage age, as an index of productivity or yield.

'IMPORTAI,IT NIÆREN" RATIOS .' These a¡e nutrient ratios shortlisted as contributing in a:e

irnportant way to high yield. Their selection was rnade on the basis of (1) a signifi.cantly
Iarger r¡ariance i¡ the low-yielding segment than in tJre high-yielding subgroup (provided

the mean value was greater in the latter subgroup), or a sjgnìficantly greater mean vaLue for
the high-yietding seE'.ent than that for the low' sibgroup (even whe¡e r¡ariance values

were not necessarily siqnificantly different).

NIJTRIEIVT ÐPRESSIONS : The forrn in which individua-l nut¡ient pairs are used in the DRIS

index equations, e.g. for N and P tJre possibilities are N/P, P/N or N+p.

DRIS NtrIRæi\Ef INDÐ(.: An equation in which the index for a particula¡ nutrient is e.xpressed

as the mean of all 'functions' of nutrient ratios (or products) containing that nutrient.
Indices which have pasitive va-lues indicate relative sufficiency or e-xcess, whereas those

having a negative value signify relative deficiency; conversely lhe larger a positive vaLue

the greater the relative excess. Values of. zero or close to zero indicate an optiñâl relative

balance.



FLINCîIONS : Ðach 'function' of nutrient ratio (or prod.uct) used in DRIS index equations
consists of a comparison of the ratio (or product) found in a-n individual plant sarnple with
the DRIS norrn (q.v.) for that ratio. The rnagnitud.e of the resultant deviation is scaled by
diviaing the deviatjon by the coeffi.cient of va¡iation (CÐ of tJee ratio for the hiSh-yielrt;ng
subgroup. In tJ e simplified version of the function (proposed by Beverþ (lg87) nat¡ra-l
logarithrn transformed data are used a-nd the CV is replaced by stend.ard deviation:

ftA/B) = þn (A/B) - l¡ (a/b)) / SD

where

A/B

alb
Ln

SD

is the ratio in the plant sarnple

is the norrn for the raLio

is the natural log

is tlre sta¡rdard deviation of the log transforrned norm for alb.

ABSOLUTE SLDVf OFDRIS ÃDICES : This is the sum of alt DzuS indices for a particular sa:rrple
when tJre signs are disregarded. The sum afford.s some measure of the total nutritionat
balance in a plan¿. A r¡a-lue of, zero, or close to it sign;ffes a sound bala¡ce; large values
indicate serious nutritional imbala:ece. If a low sum þ eþtai¡sd for a sample from a 'low-

Yrelcl;ng' plant, tJeis may indicate tÌ'at a:r unmeasured factor rather than nut¡ilion lrer se.

is limiting growth.

DRIS SÎANDARDS : These are the DRIS norms and corresponding standard deviations of the
norms.

DR¡S NORJI4S : Ttre nor:rr for an 'important' ratio (or product) is the mean of all the va-iues of
that ratio (or product) in the dataset for tìe high-yielding subgroup.
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ADDITIONAL TESTING OF DRIS PROVISIONAL STAIIDARDS
BY APPLICAÎION TO GLASSHOUSE NruTRITION TRIAL DATA

P.J. I$\[IGET and S.O. EOI$G

SUMMARY

Additional testing of provisional þft1$ standards was conducted by application to fotia¡ data
from a closely regulated glrsshouse nutritional trial wit¡. eucal¡rt sssrìlings. The results show
that

1. DRIS indices generally correctly identified individual nut¡ients whose supply was
deliberately restricted or withheld.

2. Absolute sum. of DRIS indices for samples did not always provide a reliable indication of
overaÌl nutritiona_l bala.tce.

The shortcarnings of the provisional stenda¡ds may arise from the D.arrow:ness of the database
used to generate the standards. Revising the standards on the basis of a suitably expanded
database should help to improve tJre diagnostic accuracy of the systern

INTRODUCTION.

Only very limited testing of the provisionel DRIS størda¡ds has to date been possible because of
alack of suitable field operimental data relating to2l3-year-old eucalypt stands.

In view of the need to broaden testJng of the standa¡ds it was decided, subsequent to preparation

of the rnain ¡spert, to make use of data from an earlier glasshouse nutrition trial Knignt,
unpublished).

Application of the provisional standards to data pertaining to container-grown 6-month-old.
5ssdlin€ls may be invalid, as the sta¡dards were derived for foliage sârnFles from 2-3 year forest
stands. However, applying the provisienal 5tandards to the data from the careñ:lly regulâted



2

El:asshouse trial allords an opportunity 6f tssting whet-b.er the computed indices correctly
identify nutrients which were either withheld singly or kept in low supply (relative to aLl otler
nutrients).

METIIODS

The methods used in the glasshouse t¡iai from which the test data were drawn are described in
Production Forestry Division [PFD) Project Record No. 522, tKnight, unpublished). The efTects

which nutrient suppiy had on foliar concentrations and dry rna¡¡s¡ production in this t¡ial a¡e

described in PFD Project Record Nos 1046, 1O44 and 1072 (Knight, r:npublished).

The computations of DRIS indices were rnade using Genstat 5 fi-awes Agricultural Trust, 1990).

The provisional DRIS sta¡dards which were used are those presented in the revised version of

Project Record 2185 tKnight, Hong and Allen, rurpublished). DzuS formulae used to compute the

DRIS indices for folia¡ data from the glasshouse trial were modiÊed to include as rnany selected

nutrient ratios as the range 6f enalj¡ses would allow:

MACRONUTRIENT SERIÞS:

E. rcguns
As the range of nutrients determined in the rnacronutrient series was confined to
rnacronutrients [N, P, K, Ca, Mg, S) only six indices could. be calculated; these were based on 8
selectedratios: N/P. N/K N/Ca- N/n4g, N/S, P/Mg,KICaandK/i\ag.

E. *Iígno.
The number of ratios selected for.E. so,lígtn in Lhe ini'ía-l studies was smaLler than for E.

regrtotls: this meant that only five indices coutd be calculated. a¡.d these were based on only
four ratios: N/Ca, Pi Mg, KlCa a¡rd K/Mg. Thus the result of additional tests for this species

must be considered as tentative only.



MICRONUTRIEI{T SERIES

TWelve nutrients were determined in foliage from tb.e micronutrient trial series. This meant

tlrat, for E. regnants. 23 selected ratios were available to calculate 11 DRIS indices; for E. sdignn

8 selected ratios were available to calculate I DzuS indices. The two indices which were

calculated for E. regnøts, but not for E. salignn- were those for S and Mn.

RESI]LTS

The foliar and yietd data drawn from a glasshouse nutrition triaf fKnight, unpublished) and

used for additional testjng of provisional DRIS sta¡dards (Knight, unpublished) a¡e presented

in Tables 1 and 2 (rnacronutrient supply levels varied), and Table 3 (supply of individual

micronutrients omitted or modiffed by heary limingl. The data presented in Tables I and 3
relate to standard foliâge sarnples, while those in Table 2 relate to total foliage sa-rrples.

1. APPLICATION OF DRIS TO STATITDARD FOLIå.GE SA}{PLES FROM GI,ASSEOI¡SE TRIAL

1.1 Macronutrient treatment series

E rc.gtøtts

DRIS indíces

The DRIS indices computed from the foliar data'for E. regnans given in Table 1 are

presented in Table 4.

The indices for the control treatment (AS = a-11 nutrients at the 'full' supply level 5) show

that relatively, the most limiting nutrient was nitrogen. Ttris conclusioa sesrns quite

plausible.

The indices for the other five t¡eatrnents for which standard foliar data are available,

correctly identiff the most limiting nutrient in each treatment:

I (iO% wi w CaCO3 incorporated with substrate).



Treat¡nent Most limiting nutrient

N2 a-11 nutrients at supply level 5 e.xcept N (= supply level 2)

K1 all nutrients at supply level 3 e-xcept K (= supply level 1)

C€O all nutrients at supply level 5 except Ca (= ornì¡1ed ftom supplg

Mgr all nutrients at supply level 5 except Mg (= supply level 1)

51 all nutrients at supplylevel S except S (= supplylevel 1)

Absolute sum of DRIS ind.ices

Treat¡nents A5 and 51, with the highest dry rna¡¡er yietds, appropriately have the 1owest

absolute sums of indices signifying tJrey are suffering the least overall nut¡itional
imbalance. For the t¡ea ents overall however, the relationship between surn a¡d. dry
matter production tFig. 1) is weak, v¡ith the value for Mgl in particular an outlier. For thig

trea''r'ent (Mgl) tne sr:m of indices is unorpectediy low in reladon to dry rnatter yield.

E. x,úígnø

DRIS indices

The DRIS indices computed from the foliar data for E. saligna given in Tabte 1 are
presented in Table 4.

The indices which are coûtpllted from a very timited range of selected ratios (see Meürods)
end therefore of questionable reliabiüty, suggest that productivity of the control (45)

treatment was most limited by P supply a.nd tJ:en by N supply.

The indices for five of the six treaboents exa.mined correctly identify the nutrient most
limiting in each treatment. For t]re sixth treatment (St), no S index coutd be calculated

and the results a¡e th.erefore inconclusive.

N

K

Ca

Mg

S



Absolute sum of DRIS indices

As for E. regnans, the sr¡ms for the A5 and 51 trea'-nents for treat¡nents in E. soJígna arc
the lowest indica'ing least overall nut¡itional imbalanss; overall the relationship between
sum ând dry matter production, is rather weak (Fig. 1), mainly because of the outlier value
for St; t]lis trea' ent has ân uneq)ectedly low sr¡¡n in relation to its yield. This aber¡ation

s¡n perhaps be e,'c¡rlaíned by the fact that, for reasons eqlained above (see Methods), the
srrm excludes any contribution from a¡ S inde,.c for the Sltreatnent (see E regnans data in
Table 4) an S-index cor¡ld be expected to be relatively large..

1.2 Micronutrients treatment series

The DRIS indices catculated for the micronutrient trial series are presented for both
species in Table 5.

The only micronut¡ient which, when omitted ftom nutrients applied, caused a statistically
si¡Jnifiç¿1¡ reduction in dry rnatter production (Dllæ¡ relative to control, and overt
symptoms of deficiency, was boron. Jþs limíng treatrnent caused a significant red.uction
in DMP for E. regnans, but not for E. satígttø.

The DRIS indices for botln species accurately indicate a serious relative deficiency of boron
in the Bo treatment.

For -E regnans the DRIS indices correctly io¿i""t. Mn as relatively the most rìrniti¡g
nutrient in tJ:e Mn¿ treabnent and ZlaintheZna treatment. In the lime trea ent (ASL) the
indices indicate Mn as being relatively tlre most limiting a¡d cal.cir¡m the relatively most
oversupplied element. The Cue treatrnent is indicated as only very slightly deficient in Cu,

but, as neither significant dry weight depression nor synptoms of deûciency were record.ed
in the plants of this t¡eatrrent, fl¿ 5ssrilings were evidently able to meet thei¡ requirement
of Cu from that in the seed and present as a¡ impurity in the subst¡ate and/or applied
Chernicals.
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For.E sdígtto the DRIS indices did not reflect any serious relative deficiencies in Cu, Fe or
Zn. As neitìer symptorrs nor significant growth depression q/as recorded fo¡ these

t¡eatments, it appears that, despite depressed foliar concentrations of Cu and Fe in
seedlings of tì.e Cu6, and Fe6 treatrnents respectivel¡ tJre seedlings obtained sufficient of
these elements from seed reserves ând from impurities in the substrate or supply, to

adequately meet their metabolic reqrrirements.

As for E. regnans, the Ca-index for tJ:e E. salígna sssrllings in the liming treat¡nent
indicated a serious relative oversupply of Ca; no Mn index could be calculated for this
species.

The sum of DRIS indices for the Bs treatrrent for E. regnøts is appropriately lhe highest

value for this series, but is not large enough to indicate serious imbal.¡nce in seed.lings

despite the evidence of depressed drymatter production.

Lr the micronutrient series for.E salígno. ¡Jrs lims trea' ent has the ¡lghest absolute su-m

of DRIS indices vaLue followed by Mn6 a¡d, close behind, tJee Bo t¡eatrnent: control

appropriately has the lowest sum (i.e. best overall þalenqs) of the treatments.

2. TOTAL FÍILIAGE SÁ]VTPLES FROM UÁ,CNOrUrNrE¡rr TREA'TMUVTSERIES

Table 6 lists DRIS indices for total foliage samples from tì,e E. regnans and E solígtø. sserltings

calculated using the foliar data presented in table 3: These data for the rnacronut¡ient
treatments a¡e included here because su-ffìcient standard foliage was sometimss ¡¿sLíng for
analysis where treatments seriously depressed 5ssdlin€l grov¡th. The data a¡e usefr:l to show
how reducing supply of a¡r eleme¡¡¡ shan€led the value of the indax for that element (Tab1e Z):

The relationship between lhe absolute sums of DRIS indices ¿11d ssqdìing dry rnatter

productivity is generally weak in fhis series tFig. 2); the sums do not generaJly appear to
provide a dependable indication of overall nutritional bala¡rce.
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CONCLUSIONS

Further testin$ of provisional DRIS standa¡ds by application to folia¡ a:ed yieÌd data from a
closely regulated Slasshouse nutritional t¡ial with eucalypt seedlings gave mlxed results. On
the one hand, DzuS indices qeñputed using the provisional standa¡ds generally correctly
idenüfied individual nutrients whose supply was d.eliberately restricted or with held; on the
other hand, absolute sum of DRIS indices was not always a reliable indicator of overaLl

nutriliona-l ba-lance.

The test results indicate that the DRIS system has good prospects for application to eucalypts,
but that furlher refinement of standards is needed to develop a system with reliable rìiagnostic

capability. Refi¡ement calls for a¡r oqransion of t]re database used to derive DRIS starrdards for
each species ared examination of alternative nutrient ex¡rressions such as products and inverse
ratios of nutrient pairs.
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Table 1. Glasshouse trial data
standard foliar data

unpubJ-ished) used for
range of racronutrient

(A) E. REGNÀNS

( Knight,
are for a

further testing of provisional DRIS standards for eucalypts: the
treat¡euts .

Trt Dry !rt
(s)

NPK
t dry wt

Ca üI

À5
N2
K1
ca0
¡,tg 1

s1

r7 .6
6.8

15.6
10-3
15.8
t7 -2

1.19
1.04
r .24
1.51
L .27
1.38

0.39
0-44
0.40
0.04
0.41
0.41

0 .111 0.60 0.2!2 0.120
0.224 0.115
0.230 0.103
0.296 0.130
0.049 0.L20
o.207 0 - 083

0.136 0.80
0.107 0.22
0.128 0-74
0.106 0.80
0.L22 0.60

(B) E. SÀLrcNÀ

Trt Dry wt
(s)

NP K

t dry wt
CaMgS

À5
N2
K1
KO

ca0
Mgl
s1

11 .7
'1 .6

15 .2
8.6
9.0
8.7

16_0

.11

.98

.14
-84
.39
.58

to

0.089
0.144
0.106
0.151
0.100
0,.112
0.108

0 .52
0 .95
0 .24
0 .24
0.84
0 . ?8
0 .62

0.39
0.54
0.44
0.65
0.04
0.51
0.51

I
0

0.2r2 0.102
0.243 0-098
0.235 0.103
0.311 0.143
0.278 0.127
0.063 0.120
0.295 0-083

NOTE: The controÌ treat¡nent is represented by symbol À5 ( = full dose of aII nutrients).

The dosage ( niI, one-fifth , or tto-fifths of the fuII dose) and the nutrient varied Ín other treatnents are indicated by
the nutrient chenical syrnbol and a nu¡neral 0, I or 2 respectively; in these treat¡nents , with the exception of À1, all other
nutrients were supplied at the fuII dosage (IeveI 5); in À1 a1I nutrients were supplied at one-fifth of the fuII rate.



Table 2. Glasshouse trial data (Knight unpublished) used for additional testing of provisionat DRIS standards for eucalypts; the
foliar data are for standard foliage salples from the ¡icronutrient treatreat series.

(À) E. REGNÀNS

Trt Dry r.rt
(s)

BcuFeHnzr¡
ppn dry wt ------

Na
t

À5 t7 -6
-B 10.5
-Cu L2 .4
-Fe 17.5
-Mn 15.9
-Zn 17.1
À5+L 9-9

0.111
0.174
0.133
0.112
0.118
0.103
0.110

0 .212
0.2L2
0.2L2
0.203
0.253
0.199
0-205

1.19
1 .58
1.48
1.18
1.28
1.11
I.72

0.60
1.09
0-66
0.55
0.55
0 .52
0.80

0.39
0.29
0.35
0 - 37
0 - 50
0.36
1.28

0.120
0.130
0.130
0_125
0.125
0.115
0.140

18.0
6.0

19.0
16.5
19.5
16 - 0
2t .5

169
185
L't 7

r42
4'1

145
92

.2

.5

.5

.0

.0

.5

.0

38
54
48
54
40
63
80

13.8 0.29
14.5 0.33
16.0 0.26
12.o 0-36
13.5 0.39
9.0 0.29

24.O 0.29

(B) E. SÀLIGNA

Trt Dry vrt
(s)

NP CaMgS
? dry wt

B Cu Fe lln Zn
ppm dry wt ------

Na
t

À5 L1 -7
-B 8 .1
-Cu L9.7
-Fe 17.1
-Mn 14.3
-Zn 15.5
À5+L L1 -4

0.102
0.090
0.100
0.095
0.120
0.105
0.120

1.1r
1.15
1.14
1.13
1.33
1.21
1.38

0.089
0.104
0.094
0.092
0.112
0.106
0.084

o .52
0.69
0-48
0.52
0 - 64
o .62
o.44

0 _ 39
0.32
0.40
0.46
0.46
0 .42
1.52

0.2r2
0.135
0.179
0.251
0.244
0.242
0 . L'|2

15.0
13.0
16-5
15.5
19.5
18.5
15.0

4.4
5.0
1.s
3.0
7.0
4.0
5.5

69
55
78
53

119
48
52

L97
L52
160
191

62
188

78

15.8 0.45
17.0 0 .25
14.0 0.51
20.5 0.48
34.5 0.45
22.5 0.51
46.0 0.40

NOTE: The control treatnent is represented by synbol À5 ( = full dose of aII nutrients).
The dosage ( nil, one-fifth, or two-fifths of the fuII dose) and the nutrient variedthe nutrient che¡nicaI symbol and a nu¡neraI 0, L ot 2 respectively; in these treatnentsnutrients were supplied at the fuII dosage (Ievel 5); in À1 alI nutrients were supplied

in other treatnents are indicated by
, with the except.ion of À1, aIl other
at one-fifth of the fuII rate.



Table l. Glasshouse EriaI
foliar data are

daÈa (Knight unpublished) used
for toÈal foliage samples from

for addit.ional testing of provisional DRIs
the racronutrient treatment series.

standards for eucalypts; th6

(À} E. REGNÀNS

Trt Dry wtlpot
(s)

NP
t

caü9s
dry wt

À5
N2
N1
P2
P1
K1
KO

Ca0
Mgl
s1
s0
À5+L
À1

35.2
13.6
4.5
7.L
1.5

31.2
8.8

20 .7
31.5
34.4

3-8
19.8
1.5

1.11 0.09 0.54 0.46 0.24 o-r2
0.97 0.t2 0.69 0.44 0.21 o.1l0.96 0.19 0.82 0.49 0.25 0.102.08 0.07 0.83 0.40 0.21 0.152.32 0.06 0.92 0.43 0.23 o.l5
l. ls 0.09 0,19 0.44 0.25 0.10
2.80 0.23 0.25 0.78 0.47 0.191.41 0.11 0.64 0.07 0.30 0.13
1.18 0,09 0.46 0.13 0.15 0.091.27 0.10 0.56 0.53 0.23 0.08
2.31 0-26 0.98 0.78 0.35 0.09
1.73 0.11 0.84 1.59 0.22 0.142.23 0.09 0.76 0.41 0.23 0.14

(B) E. sÀLrcNÀ

Trt Dry wtlpot
(s)

NP
t

K
dry

caHgs
wt -------

N2 r5.2 0.97 0.14 0.85 0.54 0.24 0.10N1 3.2 1.10 0.16 1.02 0.63 0.30 0.10P2 5. I I.12 o .o1 1.00 0.37 0 .20 0 - 16Pl 2-7 1.31 0.08 0.66 0.30 0.18 0.15Kl 30.5 L.zg 0.10 0.24 0.52 0.28 .0.tIK0 17.3 2-O2 0.17 o-24 o.81 0.41 0.16cao ts . t 1 .57 O .11 0. ?9 0 .06 0 .29 0.14Msl L1.4 2.26 0.13 O-].g 0.49 0.07 0.14sl 32.0 1.36 0.11 0.64 0.55 0.29 0.10À5+L 34 .7 L -28 0 . 08 0.45 2.04 0 .20 o . t2
1]_________1.r 1.66 o. 08 o.7.1 0.45 0.23 0.11

NOTE: The control treatment is represented by symbol À5 ( = full dose of aII nutrients).The dosage ( nil', one-fifth, or two-fifths of the furl dose) and the nutrient varied in other treatrnents are indicated bythe nutrient che¡nicar symbol and a numeral 0,1 or 2 respectively; in these treatnents, with the exception oÉ À1, alr othernutrients were supplied aE the furl dosage (lever 5); in À1 all nutrient.s were suppried at one-fifth of the futl rate.



Table 4 - DRIS indices and total su¡ns
glasshouse nutrition trial

:

of indices for standard eucalypt foliage samples
( Knight , unpublished ) .

fron the racronutrient treat¡e¡t series in a

(B) E. sÀLrcNÀ

Trt Dwt
(s)

KCa
DRIS index

Mg S Sun of DRIS
indices

À5 11 .6
N2 6.8
Kl t5 .6

CaO 10 .3
¡{gl 15 . 8
sl t] -2

-1.4230
-2.3109
-0.3750

0.2286
-0.3498
-0.34136

0.3957
1.1982
0.1085

-0.0132
L.9L64
0.4408

0.493 2.511
0.392 3.195
1.551 L.01 4

0.861 1.339
-3.871 2.O29
0.182 -1.319

0.383 0.592
1.195 0.753

-2 .527 L.157
2.158 -5.'15't
2.302 0.297
0.194 0.514

5.80
9.10
'1 .39

10.56
L0.1't

2 .99

(B) E. SÀLIGNÀ

index

À5 L7.'1 -0.234
N2 7 .6 -1.573
Kl 15.2 -0.514
K0 8.6 -0.251

cao 9.0 7-208
Mgl 8.7 0-018
sl 16.0 -0_385

-0.193 -0.037
0.985 0.246

-2.927 1.350
-3 .947 L.'t62

4.006 -7.603
2.747 -0.354

-0.584 0-167

-0.879
0.,rt21

-0 .608
-0.331
-L .462

4 .56'r
-1.,396

0.787
-0.655

2.139
2 .4'1 6

0.724
-4.685

1.307

2 -L2
3.88
7 .54
8.77

21.00
LZ .31

3-84

NOTE; The control. treat¡nent is represented by synbol À5 (

The dosage ( niI, one-fifth , or two-fifths of the
t.he nutrient chenical syrnbol and a nu¡neral 0, 1 or
nutrients were supplied at the full dosage (IeveI

= fuII dose of all nutrients|.
full- dose) and the nutrient varied in
2 respectively; in these treat¡nents

5 ) ; ín À1 all nutrients were supplied

other treat¡nents are indicated by
with the exception of À1, all other

at one-fifth of the full rate.



Table 5- DRIS indices and absolute surns
treatlents in a glasshouse

of indices for staudard
nutrition trial (Kníght,

(À) E. REGNÀNS

eucalypt foliage sanples fro¡n licronutrient subtractive
unpublished).

Der t
(s)

N P K Ca Cu Fe Mn ZnI'lg
DRfS Index

Su¡n of
indices

ÀLL
-B

-Cu
-Pe
-Mn
-Z'r

+l ime

t7 .6
10.5
12 ,4
17.5
15.9
17.1
9.9

-0.98 0.4382
0.2608
o .4759
0.3633
0.3953
0.3379
o .229L

0.592
-L.24L
-0.094

0.571
I.222
0.650
2.766

o .624
-4 .537
0.348
0.367
0.881
0.500
0.298

0.780. -4 -0 .669 0.28
-0.0054
-0.4960
-0.9847
-0.7553
-0.9260
-0.8496

1.2483
0 .5469
0.4914
0.2334
0.3721

-0.2698

-0 .6970
0.0187
0.4478
0.9273
0.5769

-0.2538

1.906
0.951
1.913
1.83?
2 .182

-0.445

0.6011
-0.1582

0.5395
0.9802
0.3106
1.1185

-0.3661
-0.6335

0.2181
-0.'t'187

L .2487
0.2225

-0.857
-o.701
-0.885
-1 . 912
-0.823
-1.673

-0.637
0.634

-L.262
-0.L66
-3.022

T.76L

r2 .36
5.06
8.04

10.09
10.95
9.89

(B) E. SÀLIGNÀ

-1.117

Sum o
indices

4 .6rÀLL
-B

-Cu
-Fe
-Un
-Zn

+L ine

L1 .'1
8.1

L9 .'l
17.1
14.3
15.5
[t -4

-0.4502
1.0345

-0.0478
-0.5808
-L .4625
-0.0360
-2.8851

-0.0848
0.3073
2 .4344
0.8838

-0.7339
0.6011

-1.0715

Trt Dwt
(s)

.1186

Fe Mn Zn
Index -----

Cu¡/t g

I6't 0.8
o .4592

-0.2305
-o .6'124
-0.1877
-0.1983
-3.6330

L.'t522
o.4't46

-0.1358
0.2340
0 . 1417
0.3096

-1.0538
0.1084
0 .4126

-0.1193
-0.1966

3.1929

-1.6052
0.2L29
1.3294
0.5044
0 - 632't
0 .4299

-2.093
-0.984
-1 . 118
-1.011
-1.003
-0.928

-1.035
L .652

-0.109
2.L60

-1 .146
0.450

-0 . 3 81
o.645
2 . 4'16
4.378
1.973
8.405

9.12
6.19
1-72

10.19
5.93

2T.9L
Note: - signi les no data ; see notes to oregoing ta ey to treat¡nents



TabIe 6. DRfs indices and
in a glasshouse

total sums of
nutrition trial

indices for total foliage sarples from a range of racronutrient tr€at¡rents
with eucalypts (Knight, unpublished).

(À) E. REGNÀNS

Trt Dr.rt
(s)

NPK
---DRIs index ______::______ï______:__ ;::,::.

À5 35.2
N2 13.6
N1 4.5
P2 7.7
Pl I .5
Kl 31.2
K0 8.8

cäo 20.'l
¡491 31 . 5
s1 34.4
s0 3.8

À5L 19.8
À1 1.5

-L .6591
-2.3554
-2.8931

0.6682
1.0613

-0.5240
0.5848

-0.L622
0.1500

-0.6528
0.0614

-L -L297
0.8592

-0.2684 -0.060
t.0222 0.920
2.2348 1.179

-2.0317 0 .626
-2.8150 0.652
-0.3833 -2.990
0.0793 -4.229

-0.3668 1.394
0.1905 0.795

-0 .L425 -0.187
L.L672 0 _ 019

-0.3664 -0.230
-1.5019 0.206

t.229 1.1768
1.020 0.5170
1.108 0.4966

-0.491 -0.0666
-0.571 0.1014
2.272 2.L327
2.L'17 1.8920

-4 .075 L.22t8
-t.877 -0.0678
1.360 0.7894
0.861 0.0348
3.252 -0.1046

-0.423 -0 .02t2

3 -027 1 .42
3.382 9.22
2.752 10 .66
0.026 3-91

-0.783 5.99
1.413 9 .72

-0.425 9.39
r .8 4'1 9 .01
0.441 3.52

-0.97'1 4.11
-4-538 6.69
0.880 5.95

-1.002 4.01

(B) E. SÀLrcNÀ

Trt Dwt N P
( s ) ---DRrs ______::______ï______:__ ::ä,::,

K
inde x

A5 35.5
N2 15.2
Nl 3-2
P2 5.1
Pl 2.7
Kl 30.5
K0 1? .3

cao 18-1
M91 L1 .4
s1 32.0

À5L 34.7
À1 1.5

-0.078 -t.L45,
-1.603 0 .362
-1.688 0.024

L -225 -1.566
1.039 -0.654

-0.643 -1.490
-0.628 -0.926

6 .364 -L -262
1.20r 4.'132

-0 _ 653 -L.262
-4.132 -1.062
0.537 -1.589

-0.453 -0.060
o.662 0.416
o _632 0.419
2.001 -t.752
1.188 -L.3'12

-3.458 I.647
-4.723 2.258
3.179 -6.530
2.663 -1.019

-0.562 0.362
-2 .8 49 4 .'I2r
0.683 -0.170

T.L24
-0 . 4 5I
-0.2L9
-0.079
-0_003

2 .8'17
3.243
0.800

-4 . 610
1.157
L.024
0.613

2 .86
3 .50
2.98
6 .62
4.2't

10.12
11.78
18.14
L4 .23
4.00

14.39
4.19

NOTE: The control treatnent is represented by synbot À5 (

The dosage ( nil, one-fifth , or two-fifths of tbe
the nutrient chemical symbol and a nu¡neraI 0, 1 or
nutrients were supplied at the full dosage (IeveI

= full dose of aIl nutrients).
full dose) and the nutrient varied in
2 respectively; in these treatnents

5 ); in À1 aIl nutrients r,rere supplied

other treatnents are indicated by
with the exception of À1, all other

at one-fifth of the full rate.



TABLE 7 - DRIS indices arra:gned by supply level for macronutrient treatments series:
(A) E. re$nns a¡d [b) E. salígno.

(A).8 regrnans

Element Supply level

N
P
K
Ca
Mg
S

-1.66
-o.27
-o.06
r.23
1.18
3.03

-2.36
-2:'o3

-2.89
-2.82
-.) qo

o.o,
-o.98

-i.zs
-4.08

-4.54

@ E salÍgrnc

Element

N
P
K
Ca
Mg
S

-o.08
-L.T4
-o.45
-o.06
L.12

-1.60
-r.57
-2'nu

-1.69
'9'uu

-4.61

.i,,
-9'ut

- no data



Figure 1. Scatterplots of dry
foliage sampLes: (À)

matter yieLd per
E- regnans and

pot on absolute
(B) E-saligna.

su¡n of DRfs for ¡nacronutrient Èreatnents represented by standard
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Figure 2. Scatterplots of dry natter yield per pot cin absoluie suntotal foliage sanples: (Àl E. regnans and (B) E, saligna
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