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SUMMARY

This research and development paper gives the practical details of the
procedures used in the operation of the phosphorus deficiency bioassay,

which may be used to determine the phosphorus nutritional status of itrees
and other plants.

The details cover aspects such as the laboratory working conditions,
equipment required, root sampling and preparation procedures, the
biocassay technique and data handling and computer procedures. The

computer programmes, written in BASIC PLUS for a PDP 11/34 computer are
presented in . full.




Introduction

Five papers have now been published on the deficiency bioassay developed
at Merlewood (Harrison & Helliwell, 1979; Dighton & Harrison, 1983; Brown
& Harrison, 1983; Harrison, Dighton, Hatton & Smith, (in press) and Van
Cleve & Harrison {(in press)). The first paper outlines the first pot
experiments with birech (Betula pendula ) and sycamore (Acer
pseudoplatanus) seedlings attempting to substantiate the method. The
second, third papers and fourth papers describe the application of the
method to forest stands of Sitka spruce, lodgepole pine, Norway spruce
and upland grass swards, whilst the fifth paper uses the technique to

detect rates of mineralization of P from a variety of forest floor
litters.

The published research and recent unpublished studies suggest that the
bicassay may be more sensitive than conventional needle analysis at
detecting phosphorus deficiencies in trees. Work is now in hand to
further wvalidate the bioassay in the forest application, though it might
have a wider application in agriculture as well. The fourth publication
outlines some preliminary results with grasses and grassland swards.

It is. in the first paper that the method is described as fully as the
space in the paper would allow. This paper, thus, only gives the bare
outlines of the method. Such short descriptions of the method in papers
often grossly understate the amount of work and backup facilities
involved in the application of methods.

We feel it would now be worthwhile describing in more detail the sample
and handling procedures we adopt in the application of the methed to
either intact seedlings or to roots severed from trees in the field. I%
is particularly important when the bioassay is applied to 100-20C plants
or reots per day, that smooth operating procedures are worked out.

This research and development paper contains, therefore: i) details of
the field sampling of roots. ii) root washing procedures, iii) the full

description of the bioassay procedures, including precautions necessary
when handling 32P (the latter are not intended %o exempt researchers

from further discussions with appropriate radiosafety officers of their
institutions), iv) our present facilities for data handling, including
computer programmes listed in full,

We hope all this information will be useful to prospective users of the
bioassay, whether they bte interested in the physiolegy and biocchemistry
of the plant response involved or the application of the technique to
plant nutritional problems in the field.




Facilities, Equipment and Materials

Working conditions

The whole process of the bioassay is carried out in a registdgred grade 13
radioisotope  laboratory. Registration of the laboratory- with the
Radiochemical Inspectorate, Department of the Environment for the use of

P is essential. When carrying out all activities laboratory coats
are worn at all times. Appropriately calibrated contamination and
radiation wmonitoring equipment is available at all times - we use a
Mini-monitor model S, calibrated for us by the National Radiological
Protection Board. Film badges are always worn to monitor personal
radiation dose levels, but we have had no problems with radietion dose.
Rubber surgical gloves are worn as a routine. Activities with
radicactive solutions are carried out in a "fume cupboard™ with a perspex
screen containing arm poris to allow manipulation of the highly active
solution {1 millicurie per ml) with the screen down i.e. between the
solution and the operator. Few problems g%;e been encointered with

laboratory or pesonal contamination with when  uging thip
technique. '

Main equipment

.

The central and essential piece of equipment for the biodssay is the

Packard 2425 1iquid scintillation counter. The machine takes 150 samples

at once in three trays of 50 vials. It operates automatically and has a
so-called "blackout" device, which means that it automatically continueg

its operation following a temporary power failure. |

|

Data 1is printed out onte a teletype which simultaneously produces a
punched paper tape (more modern machines have a miecro computer attached
for data capture). The wmachine is set to count 32P by Cerenkov light
and to count in two channels, so that +the sample channels ratio, 4
function of counting efficiency, is automatically provided. !
An electrenic balance is used to measure root weights to a precision of
1 mg and water baths at 18°C are used to maintain biocassay solutions at
constant temperature.

|
A digester 1is alsc used to digest random root samples for es%imation of
the effects of root gquenching of the J2P, reducing the| counting
efficiency to a variable extent depending on the root mass in the vial.




Solutions used

Potassium dihydrogen phosphate and calcium sulphate are included in the
bioasgay solutions, Whilst they are used at a concentration of
5%10-0 "and  5%10-4 molar respectively, the solutions are made up
at 10-5 and 10~3 M respectively. For the  phosphorus- caleium
sulphate-32P solutiocn, these solutions are then simply added 1o each
other in equal preportions, mutually diluting the ions by half. In the
case of the calcium sulphate solution used in the pretreatment of the
roots, the 10-3 M solution is diluted with an equal volume of
distilled water. Preparation of the solutions is carried out as in
Fig.t.

The 32P used is in the form of orthophosphate, purchased from
Amersham International, under code PBS 11. 5 millicuries is usually
purchased at a time, as to buy less is hardly less expensive, because of
insurance, packaging and transport costs. The 5 millicuries can have a
useful life of about 2 months, depending on the rate of usage. 32p
is also purchased as an absolute standard for calibrating the
scintillation ﬁounper, with resEect to its counting efficiency This
source of 3<P is usually only 5 microcuries, at a concentration of 1
microcurie per ml and with a tolerance of 2.5%. Purchase of this 32p
varies as the need to recalibrate the counter depends on counter
stability, medification or change of components which affects the
instrument's counting efficiency.

Ordinary +tap water is used to wash the roots free of physically adsorbed
32p from the surface, as the water has a good level of purity. In
any area where the water quality is questionable, perhaps an isotonic
solution of KC1 could be used, but this has not been tested.

Concentrated nitric-perchloric-sulphuric acid mixture is used to digest
root  samples, as no significant losses of 32P oceur when this acid
mixture is used (for a background see Allen et al. 1974).



Fig. 1 SOLUTIONS REQUIRED FOR BIOASSAY

1. CaS042Hg0 0.1722 g 1=1 (So1B 1) '

|

Dilute 1:1 with distilled water (D.V¥.)

5 x 10-4M (SolR 2)

2. KEHyPO4 1.3069 g 171

& _ : i

iml - |
make up to 11 (= 1 x 10~5M)

Dilute 1:1 with SolB 1

|
|
l(S01® 3)

5 x 10”5 KH, PO, in CasSO4




Methods

Root sampling and preparation

When applied to roots from forest stands, roots are sampled from the
surface soil organic material on the forest floor. Generally we try to
obtain 50 10-2C cm lengths of root of about 1-3 mm diameter, which are
usually mycorrhizal. These roots are taken randomly from ridges, flat

areas and the walls of drainage ditches. Sample roots are left with soil
or organic debris still attached and an appropriately coded label
attached to one end. Roots are then laid between moist tissue paper in a
plastic tray and kept cool (i.e. out of the sun) for transportation to
the laboratory. When the bicassay is applied to grass swards, turfs of
the grass are dug, moistened as necessary and transported to the
laboratory intact. Individual plants are then teased out for analysis.
Potted plants, provided they are not too big, are simply removed from the
pot and treated as individual intact plants.

All roots are processed in a random fashion, not in the treatment blocks
of the experiment being examined. A SORT programme is used to unscramble
the data later in the procedure. Random treatment of roots is essential
to prevent any inadvertant or subconscious bias in handling.

A diagramatic presentation of the sampling and washing sequence is given
in Fig.2. The individual roots or whole root systems are washed with tap

water to remove adhering soil particles, with as little abrasive action
as possible.

Bioassay procedure

Before the biocassay procedure starts, enough glass counting vials, in
cardboard trays, are filied with 15 ml of distilled water, to take the
number of root samples required. Within an hour after washing, roots are
immersed in 5%10-4 M calcium sulphate solution, usually in a plastic
bucket, for thirty minutes. The immersion 1is considered to have two
effects, firstly, to remove phosphorus from the free space of the root
( unlabelled phosphorus diffusing into the 32P 1labelled solution
would alter the specific activity in an indeterminate way, thus reducing
the precision of the bioassay) and, secondly, calcium ions may act to

stimulate phosphorus wuptake and help to maintain root cell membrane
integrity.




Flg. 2

FLOW CHART OF ROOT SAMPLING AND HANDLING PRIOR TO THE BIOASSAY

SEEDLING PLANTS

Plants removed from containers
avoiding root damage

Rooting medium washed from
roots using tap water by:
a) Root washing machine
b) Hose pipe
c) Water in buckets
with gentle rubbing with
fingers where necessary

l

¥hole plants or roots from
each tagged (aluminium pot
label or freezer-bag tie

tag)

l

FOREST TREES

SURFACE FEEDER ROOTS

Litter moved aside - root
followed to terminal fine
roots by gentle excavation

{

10-15cm long root segment
detached with scissors

'

Tag roots

Place in tray on damp tissue
paper - cover with damp
tissue - £111 tray in layers

f

In laboratory wash soil from
roots in tap water

ROOTS FROM SOIL CORES

. Divide soil core into

horizons

Break up each horizon
cerefully by hand and
wash soll from roots
in washing machine or
by hand

Root fragments aggregated

to give suitable size for

handling and tied together
with tag

TO BtASSAY

N.B. Any intermediate storage between harvest and the blcassay, roots are kept moist under tissue paper
e in a cold room (2-59C). All samples to date have been processed within 723k of eellection. —
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Whilst roots are being treated in calcium sulphate, 32P labelled
solutione are being prepared. Two litres of solution, containing calcium
sulphate and potassium hydrogen phosphate at 5%10-4 and 5%10~6 M
concentration respectively, are poured inte each of two three litre
beakers, referred to as A and B (for small numbers of samples, two
beakers of solution are not necessary). The beakers are placed in the
water bath at 18°C and allowed to reach the same temperature. To each
beaker is added about 60 microcuries of 32P taken from the multidose
vial in which it is supplied, using a sterile hypodermic syringe (N.B. it
only requires 0.1 ml of solution at an activity of 1 millicurie per ml to
grovide 100 microcuries). The volume reguired will increase as the

2P decays at a rate of about 2% per day. The solutions in the
beakers are then thoroughly mixed. Two 0.5 ml samples are taken from
each of the two solutions to estimate the 3<P activity added, before
the roots are immersed. The 0.5 ml samples of solution A, referred to as
standards, &are taken and transferred 4o the first two vials in the tray,
using a fixed volume micro-pipette. Two similar samples are taken from
sclution B, but the vials containing these are not yet placed in the
trays. Roots are immersed in +the solutions, 15 to 30 at a time,
depending on their size, using appropriate sized tongs. The time of
immersion is noted on the control document, roots being Iimmersed for
exactly 15 minutes.

After 15 minutes in the solution, the roots are removed from the 2P
solution and immediately transferred to separate beakers into which tap
water 1s directed via a polypropylene tube to the bottom of the beaker,
and is allowed to flow over into a sink, designed for the disposal of
32P, Roots are washed for 5 minutes and are then removed to trays
covered with paper towels. The tray on which the roots are placed is
kept at arms length from the person carrying out the biocassay, to reduce
the risk of exposure to radiation. Roects in sclution A are dealt with
first. Two subsamples of lateral roots are taken from each root and
vlaced in successive vials containing 15 ml of distilled water. A note
of the root code, number or deseription is made on the control document

against vials 3 and 4 (vials 1 and 2 containing the 0.5 ml standard from
solution A4).

The next root is subsampled likewise and the subsamples placed in vials 5
and 6 and the appropriate note made of the root number processed. When
all the root samples from solution A have been processed in this manner,
the standards of sclution B are placed in the tray and root samples from
solution B are processed similarly into successive vials.

When & tray of 50 vials is completed, the vials are transferred to a
plastic counting tray and placed dintc +the scintillation counter and
counted for 2 minutes. The time at which the counting was started is
recorded to enable the time elapsed between placing the roots in the
solution and time counting was started to be caleculated. Counting of
three trays takes six hours and it takes 25 seconds for the results of

each sample to be printed out and the vials changed in the counter,
before counting is resumed.

After counting vials with the woot samples in, roots are remocved from the
vials (very small pieces may be left in the vial), blotted dry with
tissue paper and weighed to the nearest mg. The weight is noted against




Fig. 3

FLOW CHART OF BIOASSAY ACTIVITIES

Pretreat roots in
CaSO4 Solll 2

Add 32%p to CaSO4/KH,PO, SolZ 3
(mix well)

Prepare counting
vials containing
15ml D.VW.

J

(30 min) > Vvial 1l
Duplicate 0.5ml atandards
: % T yial 2
Roots in 32P Sol® (15 min)
Remove rocts and wash under
T T e running tap water (&5 min)
Discard rest of root into vial 3
polythene sack for 32P Duplicate root samples (<200mg) —
decay and subsequent from esach root sample
destraction T vial 4
1 i Remainder
|
et deq o
vials counted .
{2 min) (+ roots)
weigh - blot dry = root pample renoved-<—~*-————~1
Y

' Data to
computer

Sub saﬁple (random) each vials counted

into large bolling tube (2 min) (- roots)

vials counted
{2 min) (digests)"

Pigest in Perchloric/Nitrie:
Sulphuric Acid (6:1ml)

—4k

Digest in 1ml Hy80,

l vial containing i4ml D.W.




the vial number on the control document. The vials are then replaced in
the same order in the counting trays and returned to be counted as soon
as practicable {counting vials containing roots should have precedence) .
The time at which the vials are recounted, without roots, is also noted
on the control document, so that a further elapsed time can be
caleulated.

In order that an allowance may be made for the quenching effect of the
rooct biomass in the vial, a stratified random sample of the roots 1is
transferred to boiling tubes for digestion. Firstly, a series of roots
is taken to cover the range of weights, from minimum to maximum, and then
a series to cover the range of activity levels. A total of about 40
samples 1is necessary to permit a satisfactory regression equation to be
developed. Whilst in the original paper (Harrison & Helliwell, 1979) it
was suggested that there was no significant difference in equations for
roots of the two different species siudied, work with roots from trees in
the field has shown it is necessary to run a digestion series for each
batech of morphologically different root samples examined. The roots
taken for digestion are noted on the control document. Samples are
usually digested in a mixture of 3 ml of the nitric-pechloric acid
mixture and 0.5 ml of concentrated sulphuric acid.

Digestion takes about 1.5 hours from start to finish. The digested
sample is then washed out of the tube with 3 washes of 5 ml of distilled
water, inte a counting vial. The vials are then placed in a plastie
counting tray and placed in the counter for counting under the same

conditions as the root samples. The time of commencement of counting is
noted for the caleulation of elapsed time.

Whilst vials with roots, vials without roots and vials with digests are
counted, the data are simultaneously printed out and punched onto paper

by the teletype connected to the counter. The paper tape is required for
transference of the data to the computer.

The solutions A and B c¢an be re-used by immersing several batches of
roots in them. However, further standard 0.5 ml samples of the solution
must  be taken to estimate the 32P level in the solution before roots
are immersed. Corrections for the reduction of 32P by previous root
samples can be allowed for in the computer programmes used fo process the
data. We usually continue to reuse the solutions wuntil the level of
activity drops below 50-60% of the origional, or roots of a different
species of plant are to be processed. We do this in order to reduce the
ammount of work preparing the 32P solutions, to reduce the ammount of
32p used, so reducing cost and we have to dispose of far less 32P
(we are allowed to dispose of a maximum of 1 millicurie per ronh). A
diagramatic scheme of the bicassay activities is presented in ¥ig.Z. An
example of the control document on which the times, sample codes, root
weights etc. are recorded is also given in Fig.4.



10

ExpeRiMenT .

Fig. 4

Root
LEIGHT

vVidh
Ne

Rowy
~e

DT
TuBy
~o

Roor
CobE

TiME
oF
STAwAD,

SaL™

Cn
[}

D&




11

Computation

In the calculations, all carried out by computer, allowance is made for:
i) background counts of the scintillation counter, when counting a vial
of water, ii) counting efficiency (assuming 5he vials contain only
homogencus solutions), 1ii) decay of the 32p (hence the need to
record the times of activities - the computer programme calculates the
progressive elapsed times for each sample) and iv)} the effects of root
quench (a multiple regression equation is developed after 1), ii) and
iii) have been computed in the first stage of the programme). The
counting efficiency equaticon is developed in the form of:

Y=aX + C
where X is the channels ratio wvalue.

The channels ratio value is calculated by +taking a series of vials
containing 14 ml of distilled water into which 1 ml of a series of
solutions containing varying ammounts of colour quenching substances

(e.g. NaOH extracts of roots or soils from which roots have been

ggtracted) and adding 10 microlitres of a 1 microcurie per ml calibrated
P sclution. The vials are then counted under the same conditions

as the root samples, i.e. in two channels, with the calculation of the
channels ratio. The percentage counting efficiency is calculated from

the CPM estimate of the channel with the_wider sgectrum (ig the case of
our instrument, the red channel) affer allowing for +the J5<P decay and

background count in that channel and dividing that sum by the known

amount of activity in DPM present in 10 microlitres of the siandard,
times 100,

The equation to allow for the effects of root queNCh takes the form of:
Y=aX + bR + cR? + 4

where X 1s the estimated 2P activity in DPM  ‘before allowance for
roct gquench.
R is the root (moist) weight in mg.

The equation 1is derived from a multiple regression from the estimated
32P content of the root (i.e. counts of the vials with roots minus
the counts of the vials without roots, both after correction for
background, counting efficiency and decay), root wieght and the estimated
32P activity in the digest{after sallowance for background counting
efficiency and decay), for the roots which were selected for digestion.

If the 32P solutions are re-used, allowance for the reduction in  the
rate of uptake of 32P ang phosphate due to a lower concentration of
the 32p labelled phosphate in the solution must be  made ( previous

tches of roots have removed some of the phosphate}. As the rate of
85P uptake is linearly related to concentrationp ovgr the low ranges
of

conceniration in question, adjustment of the estimates of 32P
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uptake by the roots can be calculated by increasing the estimate of root
uptake by the ratio of the 3<P activity in the solution before any
roots were immersed to activity before the particular batch OE roots j

question. The computer programme CALPUP will automatically calculate the
adjustment, if the appropriate inputs are given.

The data obtained from the liquid scintillation counter are . transferre
to a computer wusing the paper tape and the data are procebsed using E
series of programmes. The sequence of events in the process

ng of th
results are given in Fig.5. i

The programmes in order of use are referred to as: PURGE.BAS TIDYP.BAS,
ELAPSE.BAS, ROOTWT.BAS, CALPUP.BAS (or  BATPUP.BAS), SORT.BAS ang
EXTR.BAS, programme llstlngs are given in Appendix II. PURGE.BAS is use

to remove control and other odd unprinted -characters generated by the

counter, which cause problems in the execution of programmes. Data files
are edited using the line-editor programme ALE at this stage. If data

have been entered on seversl different tapes , the data files are merged
together using the file merging facility of PIP (the peripheral input
programme) After being processed wusing the Numerical Inp%t Programm

{ NIP), a random access virtual file called LSCDAT.XXX (the IXX's bein

substituted by an appropriate extension) is created by TIDYP.BAS. This
programme selects out the data, time of counting in minutes, total counts
accumulated in the red channel in the counting time and the sample
channels ratio, already calculated by the sc1nt111atlon counter. Before
the main programme CALPUP.BAS (or BATPUP.BAS) is used, rootweights ar

entered into a virtual file with ROOTWT.BAS and the apDroprlgte elapseg
times ere calculated by using ELAPSE.BAS. CALPUP.BAS is effectively a
programme with two major subroutines. Part 1 adjusts the 'counts per
minute results for the background counts, decay of the 32P (which has
a half life of 14.28 days) and the efficiency with which each, sample was
counted, to give estimates of the disintigrations per mifute in eac

sample. Teletype inputs for the first part of CALPUP are gen%rated fro

the data on the control documents and the sequence of the tray counting
( see worked example in appendix I).

Dlata 1o generate the quench correction equation, regquired in subrcutin
2, is extracted from the printout of DPM1.XXX. On the printout, +the
positions of standards 1s noted amongst the "with root" znd "without
root" data, and all lines of data are subsiquently numbered.’ The data
corresponding to the digested samples in the "with" and "without root"
data are extracted with reference to the corresponding control decuments:
With the inclusion of the .root weight data, a file is cgeated end

Resulting intermediate calculations are stored in a file called DPM?.XXXF

multiple regression equation 1is generated wusing MULTRG.BAS Having
generated a table of input data and entered the coeflicients gnd constant
for the quench correction equation, the second subroutine of! CALPUP.BAS
may be run.

Subroutine - two of  the grogramme subtracts the estlmatef 32p of thg
vials without roots from the 32P content of the vial th roots,
adjusts for the effects of root quenching and calculates tbe ectimated
phosphorus uptake of the root samples in picogrammes per mg root. All
the intermediate calculations are deposited in +the file DPMR.XXX.
Intermediate calculations are both printed out and stored on| the diski




Fig.

5

FLOW CHART OF USE OF COMPUTER PROGRAMS

Enter data tapes from

L8 counter

Input root weights

using ALE
NIP

ROQTWT. BAS

ELAPSE. BAS
i

elapsed times
|

Input numerical
sample codes
usLi ng ALE

. virtual file of

root welghts

teletype input

. statements on
data sheet

PURGE ., BAS
(deletes control
characters)

Merge data files

using PIP
NiP Extract relevant data from
TIDY.BAS penultimate column to calculate

quench correction equation from
digest series \
DFM + root (A)

DPM - root (B)
r——wb- .BAS
DPM digest MULTRG

(creates LSC.DAT)

Yy

CALPUP. BAS ———————» DPM1

(Part I) calculate A-B
root weight
{root weight)%‘

CALPUP, BAS '

(Part II) quench correction equation =

\\Nﬁﬁﬂ“** DPM2

+ manually extract penultimate
column (pg Pmg~1 root)

» NIP

- SORT.BAS
(sorts data
according to codes)

EXTR.BAS #— DATA —— ANOVA

{extracts penultimate
column of data

(pg Pmg~1

root))

£1
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Errors or oddities can then be easily edited out or corrected. After
inputting the numerical codes of the root samples in the order in whigh
the roots were processed, the SORT.BAS programme can then rEarrange the
data in DPM2.XXX into the desired order. EXTR.BAS can then kxtract the
penultimate column of data in DPM2.XX (P uptake in pg mg-! root) for
analysis of variance or other statistiecal analysis.

i i
Appendix I gives a fully documented run through a set of dFta deriv%d
from roots collected from Norway spruce processed through the!bioassay.f
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Appendix I

A worked example of processing the data from the scintillation counter to
calculate P uptake.
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1. Record sheet (Table 1).

! .
This sheet records the usaée of the 32P sgolution, the times of

removal of standards and the sequence of root samples

(root codes)

passing through theBEioassay solution and into the counting vials. Each

beaker of bioassay <P solution (A and B) may be used more
Records of solution usage are made as this is required to
removal from the solution by previous root batches.

ﬂoot samples taken for digestjon are noted on the record she

with the moist weight of the root determined after the first
dounting of the vials.

than once.
estimate ?

et, togethe
with root

~ H
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i i
| |
2 Liquid Scintillation Counter Output (Tables 2 and 3).

| |

In addition to the paper tape output a teletype printoul of the LSC
output is also obtained. Data sequence is according to tray and vial
number following that on the record sheet. This output is uspd to number
the lines of data to itemize the standards in order %o make

Yeletype inputs for the first pFrt of the programme CALPUP.BAP.

This data is processed through PURGE.BAS to delete control characters and

will be converted to a virtual file (LSCDAT.XXX) by TIDYP.BAS|

up the
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Table 2 '
52~ 84
shrp - L.ar SAALEY | CeunTivgG sahlety 114 (Zlkqu?c'hﬂb CotinT =5#)
15750 . THF

! 100 2,00  3T450 .7 21093 .7 17735.0 10544.5 1T
£ 101 2,00 3?5238 .7 22747 .7 1B764.0  11383.5 Lo STRMB A fff,“‘e) .
i 102 2,00 21183 .7 11135 1.0 10591.5 55675 525

103 2,00 19492 1.0  1059% 1.0 9744.0 5297.5 .543

104 2,00 23124 ,7 13025 1.0  11562.0 6512, , 563

105 2.00 28357 .7 15054 1,0  14178.5 7528,0 530

106 2,00 2607 3.0 1452 4,0 1303.5 724.0 . 557

107 2,00 3757 3.0 2112 3.0 1878.5 1054,0 . 5462

108  2.00 29739 .7 14418 1.0  14864.% 8209.0 L8552

109 2,00 33444 .7 19738 1.0  16722,0 FBET .0 1590

110 2,00 AB4BS .5 25173 .7  24342.5  12584.5 517

111 2,00 21478 .7 11991 1.0  1073%9.0 5995, 558

112 2.00 2993 3.0 1674 4.0 1494.5 837.0 559

113 2.00 6028 2.0 3533 3,0 3014.0 1766.5 .85

114 2,00 10356 1,0 5479 2.0 5178.0 7839.5 548

115 2.00 28332 .7 16057 1,0 14144.0 8028.5 . Sb66

116 2,00 38942 .7 21604 .7  19471.0 10802.0 .554

117 2,00 2547 3.0 1492 4.0 1273.5 746.,0 L5846

118 2,00 9152 2.0 5553 2.0 4576.0 2776.5 608

119 2,00 10495 1.0 6378 2,0 5247.5 2189,0 L5607

120 2,00 2547 3.0 14546 4.0 1273.5 728.0 .571
42121 2,00 2829 3.0 1542 4.0 1414.,5 771.0 L 545
Z3 122 2.00 29911 .7 18274 1.0  14%955.5 13740 L G10
Se 123 2,00 30156 L7 18474 1.0  15078,0 9337.0 619 STANDARD B (1w cic)
2y 124 2.00 03399 .7 13571 1.0  11699.5 &785.5 ‘579

125 2,00 22273 .7 11664 1.0 11134.5 5832.0 L8523

126 2.00 5116 2.0 3020 3.0 2558.,0 1510.0 590

127 2,00 3089 3.0 1714 4,0 1544.5 857.0 L8555

128 2,00 10881 1.0 5837 2.0 5440,5 2018.5 336

129 ° 2,00 7331 2.0 4187 2.0 3465.5 2093,5 571

130 2,00 50420 .5 24594 .7  25210.0  13297.0 527

131 2,00 49995 .5 27419 .7  24997.5 13709,5 548

132 2,00 19991 1.0 11476 1.0 9995.5 5738.0 574

132 2.00 8592 2.0 4601 2,0 4294.90 2300,5 .S535

134 2,00 8493 3.0 4920 2,0 4246,5 2460.0 ,579

135 2,00 10754 1.0 SBL6 2.0 5377.0 2033,0 .545

136  2.00 23363 .7 12914 1.0  116B1.5 6258.0 535

137 2,00 12765 1,0 6974 2,0 8382.5 3487.0 e

138 2.00 1393 4.0 7B0 5.0 6%46.5 390.0 L5460

139 2,00 34685 3.0 2070 3,0 1842.5 1035.0 561

140 2,00 26385 .7 14410 1.0 13192.% 7205.0 L5446

141 2,00 22371 "7 12379 1.0 1118%5.5 H189.3 « 303

142 2.00 &6217 2.0 3502 3.0 J108.9 1791.0 + 363
H’143 2.00 11371 1.0 &H4462 D0 S5685.5 3231.0 568 _ B ;
¥ 144 2,00 35280 .7 21931 .7  17647.0  10945.5 L5621 .
w145 2,00 36707 .7 93143 L7 18353.5  (1571.5 . 630 SPANDARD A (Ind use)
] 146  2.00 22436 .7 12968 1.0 11216.0 4488, 0 V577

147 2,00 19093 1.0 10897 1.0 54a .5 5448, 5 LS70

148 2.00 5926 2.0 3423 3.0 2963,0 1711.5 577
sD 149 2,00 2036 2.0 5175 2.0 4518,0 2ERT7LE 572
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Table 3

6-2-'"2n
LA
ISTSONRT  wivpour- oot sAtbed] (cummnig srhlad 1008 (BhedGioundd (ounT =3¢)

- - =
ﬁ;igg E:gg 323§; .; 18958 1.0 16613.5  9479.0 .570
1 102 2.00 " 1457 7.0 20422 s i — 108 .z srats b (k)
2 N - . -
18§ 2.00 1;é£2 4.0 629 5.0 556,0 3149 P
105 2.00 29148 .3 12983 1.0 1ioee.e  saap I
106  2.00 1391 4.0 80O 5.0 495,58  Cavo.s 1259
107  2.00 1380 4,0 839 5.0 690.0 poa: e
108 2,00 3812 3.0 2175 3.0 19060 057 5 54
109 2,00 3481 3.0 2079 3.0 1840.5 10308 ea
11 2. bt . i + 1039‘5 r564
110 z.gg 3152 i.g 1618 4.0 1%76.0 B09.0 513
112 2.00 1594 4.0 gfﬁ :‘g gg;'g atz.o ‘2le
113 2.00 580 5.0 341 7.0 290.0 :éf'f I
2 . <] BHD
14 2.00 éi;f 4.0 692 5.0 S846.5 246.0 Tee0
118 2,00 2292 ?.g 1241 4,0 1146.0 420.5 541 ’
L6 2.00 15871 1.0 9440 2.0 7935.5  4720.0 .594
117 2.00 1099 4. 689 5.0 549.5 334.5 . 5608
118 2,00 45 2.0 2679 3.0 2272.0  1339.5 ,589
117 2.00 *,33 g.g 1547 4,0 1246.5 773.5 ,620
L 120 2.00 562 5.0 343 7.0 291.0 171.5 .587
iz 2.00 62 5:0 378 7.9 310,5 189.0 . 5609
K 1ZTT200T 27T L7 16019 1.0 13860,5  8007.5 Y
ARG s R e g i Bl
22 6 2. 37, 2025.0 589 h -
125 2.00 5860 3'3 3194 3.0 2930.0  1597.0 s
126 2.00 241 4.0 756 5.0 620.5 3178.0 . 5609
127, 2.0 7850 326 7.0 289, 0 163.0 . S64
128 2,00 3965 3.0 2237 3.0 1982.5  1119.5 .564
127 2,00 1734 4, 1043 2.0 877.0 521.5 594
130 2.00 27882 .; 15864 1.0 139440 7932.0 .568
131 2.00 3431 .7 20196 .7 17255.5  10098,0 585
132 2,00 6650 2.0 59 3.0 3325.0  1979.5 595
133200 2167 3.0 1345 4.0 1083, 5 672.5 . 620
132 2,00 2982 3.0 1ie 4.0 1471.0 908,0 617
136 2.00 4432 2.0 0085 3.0 saseo  iiame I8
5 - pogta ) A gty = ') :_’.5 ac ]
137 .00 ;g;g 3.0 1302 4.0 118%.0 651.0 .;1;
138 2.00 =Bl .o 333 7.0 290,85 166,75 572
a0 S oo 2719 3»0 12:1 ..'l.(! f_ﬁf?a.o 452.5 571
140 200 2747 3.0 1554 4.0 1358, 5 777.0 572
Las 500 1700 4'0 1?!3&: :1.0 1794.,0 794.0 LA554
o 12 2.0 1308 40 712 4.0 454.0 356.0 V544
fe 143 2.00 1183 4.9 670 "0 S91.5 3350 L5664
§ laa 2.00TTIIEE T 19546 1.0 16244,07 9775.0 - 6061
i —30s—Smne o2 oome L seseo sogns g TROMD £ (ki)
14572, 6 4. 226.5 CE 589
e melt i b
f¢0 149 2.00 2426 3.0 1370 4.5 1'.‘13‘:3 ‘f:fllf_::g .;32
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3 Teletype Input Instructions I: (Table 4)

Each batch is associated with the number of trays of vials

processed

through the scintillation counter. The elapsed time between taking the

standard 0.5 ml from the bioassay solution and the time of cg
related vials 1is calculated and entered here. Background
based on counts of vials containing distilled water only.

These inputs run the first part of CALPUP.BAS to correct crudd
background and decay of the: 32p during. the elapsed time.

DPM's

unting the
| counts are

for




Table 4

TELETYPE INPUTS FOR FIRST PART OF CALPUP.BAS,

ELAPSED BACKGROUND

NO, 18T AND LAST WITH (1) OR COUNT

TIME (min) BATCHES SET NO. WITHOUT (2) ROOTS TIME
e dy 31,/ 34 / Y / 7z
340 rée, 34 / St 40T 2 £
4-1'7/ Lf-tf.>‘ ya ya

DIGESTS

€2
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4 DPM1 (Table 5)

This is the data output from the first part of CALPUP.BAS (Note: for ali

output files no extension name 1is given, an appropriate
related to the nature of the experiment, is usually appended).

The root weight file (a virtual file of root weights creg
ROOTWI.BAS) is not required for| the first part of CALPUP.BAS.

he first 50 vials only are shown here, counted firstly W
econdly, without roots and, thirdly, those root samples
igested to correct for quenching. The appropriate vials
bots were taken for digestion ire marked on DPM1. The penulti
DPM corrected for background and decay) is manually extracts
igested samples and compiled with the appropriate root wei
orms:

Mo~ H O g

extension|

ted through

ith roots,

which wers
from which

mate column

ght data 14

d for the

1

L
1

]




Table 5

RUNNH

ELAFGED TINF T= 185 HINUTES,

ENTER TME EXFENSION FOR THE LSCOAT AN DPH FILES * VIR 1. Sample mmber
Hill o rieed rogt weishts? M0 2, Counting time required when background ie mubtracted
Havne upn allauesd far Backaroonds odocag anel CLUE, + NG 3. CTM allowing for background subtraction
¥l ROUTTINMY T0 DNRRECT FOR EACARGRONHIG OGO AND C.E.  bE ;: ;Pf,o:";:.;g;{g‘a%;"c" {from chomels ratio]
oo : TTorTmmmTm o T o T o T g, Iog' BN (ﬂfﬁ‘!‘ correction fdl‘ ?'amy}
a . . 7. DPM (after correcting for decay
Hiomtes etar-ed befarm cound pnrd sbaprtod 44 . . .
Backdeounds for with and withool roots ¥ 34434 8. Flopsed tima over which decay has occurred {min)
Frrt Al roamber af batches ine matri; bo o rrepes s Tl
AT
Firet anr Lo n set ropmber in baten E D
With (1} or urthout (2) roots ? 1 Wt Lot
tanath of sovntind period 2
1 2 3 a 5 3 7 8
1 2oan 17491.00 324G 54104.00 10,70 54254, 40 44.00 Srmnptp A BE use
2 _hen 19730.00 1%, 50 S5%13.40 10,93 _56001,10 46,42
3 R 10557 -50 27.77 3014, 60 10.53 007720 ag.84
L] R ¢712.00 9. 0a 334TR, 20 10.42 33495.99 SL.D
S bt 11 11528,00 0,44 17348, 10 10.54 37914.P0 53.40
& .00 14194.50 YA 51790, 10 10.83 SOIAS. 50 S4.10
PR 4 T.n5 1269.50 30.0% 4024.983 9.35 ATES.R_ _ _ 5B.32 _ Bear | AURd e XV
B 2.04 1844.50 30.39 4042.0A 8.71 6087 .34 60.94
? 2.00 14830.50 19.88 49945, 50 10.82 S50073.30 43,34
1] .00 14688 .00 50,37 S154%8.50 10.8% SEA7T.00 45.78 ¢
.. u ro00 24308.50 27z B89347.40 Lt.40 89593.00_ _ _ 68,20 _  dGar _ Tudg e 20
64 .ot LO703.00 0L LE 15559, 90 19.an 541, 40 70.62
t3 SL0n 14467.5 . 4044, 41 1,49 AN5A. %4 73.04
. 1) 29AH.60 32.01 7393.53 LR ) ?332.3 _ 7546 _d4ar fumd b Y
1% 5144.00 2. an L7497, 70 P.77 175a%.70 T 77.86
15 La132.00 367 140/74.00 10,74 A0 .80 80.30
17 19437.00 A5176.70 .07 45370, 10 82,72
PR 4. IR3. 04 #.26 74.36 _ _ _ OS.14_ _ bssr nes Mo 3
54 13559, 00 ¢.82 13599.00 f7.54
20 5213.50 15510, 80 7,65 1S577.9¢ 89,98
) 1239.50 1995, 10 A, 30 407,75 92.40 Locy (9
22 1380.50 A730,00 2.86  4745.14 _ _ 94.82 I Rl 3
23 T4F5E ot AALTL, 4D 10.70 TAiEASAD 97,34 srhuDAlD § I s
24 15044.00 AZZIO, 10.4% 0
2 1L4AS. 50 T 7T RN 1052 KEDILPY
> 1110150 A0ERL L 10,40 AN M0
a7 2524,00 7EINL04 .97 R4, T0
2n 15t0.59 0nI.02 5070, 4%
29 5404.50 JUEEY T IELUL I
10 3531.50 L7205, 5 11750, 50
- 1! 2517400 R0197.% 9954740 Dadr TuAE N T
32 24943,%0 TN JBnEnALAn T T T odar T e e A
33 ?941,50 J1891.00 J021.80
34 4247, 14085, 19 15727 .90
15 4240 1335019 13392. 00
35 S343.un 19.19 13es. 70 k4054, 30 12u.,70
3z 11207, 50 BT A0NR, In LR T 2l T: B Vet W B A Vi _ ek _ofe o
T e SRANL S0 RS 21499, 50 1797, 70 L33, 54
R BEL AN 6.5 SR, A _0n.A0 135.94 Vrigsr, foli Mo
TR 269 1non. 5o 10,12 n96 5°93.17 13a.38
a1 .01 131%0. 50 fhl- T 4497 AS169.90 144,80
LN T 11151,59 REIZ 371R2,10 10,54 37443.10 143,22
15 Tl I074.50 30,44 10094.,10 ?.02 10143,70 145,64
a4 1 G551.50 10,81 18341 .90 7.82 19433.70_ 7_:_:3,23___ . .
A% 00 17504, 070 1453 ToPas R0 10.84 51201.560 150, . :
s 2.00 10319,50 19,17 SP0%1,90 10.87 s012a, 70 ga2.ep oM A b dk
a7 T Ti18a. 0% AL 355A3.80 0.4 I5754.00 15%.32
L1 I 2.01 P512.56 0.9% 3071t.R0 10,34 10995, 40 157.74
" 2.02 I93Q,07 3t.45 ?I12.75 F.14 Y144.15 180,14
0 .62 4a84,00 31.99 14479 ,50 ?.5R 14499, 70 162,58

114




Table 5 (continued)

Der oy wenh Lo return bo re-entar o ey elarded bime

Dn wou want to closes doun at this

Frogrsm Terminatad Correchtly

Read

state

* YEG

YES
T T e et e Tonn L T TR AT e ?1340 - R T T T T
fxck traunds for with aed withoot couts ? o344
Tt 11 anmbare af habches in maitrin Lo be proceasend 1
RATCH 1
First and last st namber in hatch ? 514100
With {1} ar without {2) racts ? 2
Eentth of cauntind seriod 72 warear Lot
51 T.00 L6579 .50 30,95 51543.,00 10.93 56037.20 1340.00 Wi
52 1740%.50 31,65 ©5241,30 10.96 __ 57797.9¢ V442,40 STAVINL Al L
=3 581, 50 FEE T340, 464 7.01 2387 .54 13s4.04
54 512,00 310.53 1709.04 7,47 178%.07 1347.24
53 479,00 .44 29939, AL 10.33 31333.10 1349, 48
T4 11050, 00 364 34701 .90 to, it 34529, 00 352,10
a7 441,50 it AE12. 74 7.0 201,45 13%4.52 bigeyr _Tge Mo 2T
ph 656,00 33.57 19%4.,17 7,60 T04%, 64 1354.93
=9 13T, 00 30,95 604702 8. /% 5£331.33 1359.36
an L0450 30.53 17,29 773 6195,19 1361.78 »
LAl 1342, 00 69T 52,079 #.70 5994, 7Q - R C LT S
e 770.50 ne,5 3400, 37 7.91 273030 }
7A1.00 27.14 2011, 7A E 944,53
254.00 14,77 LRSI & 4% _ 771,08 1370.86 _ _ _bfetr e Az 4
552.50 1,37 1706.720 7.a¥ 1797 4B T13/3.00
1112.00 __ Ce.90. .. 30a/. %1 8.1 A0, ?7 1374.30 N
7901.50 $2.45 24200.70 10. 14 25351.00 1378.72 -
5i5.50 33,564 1532.42 7.ie _LA0T. 44 13IRL.AA _ Dfetr el _ A
2230.09 37,30 4929.56 4.99 7760.33 1303.54
1212.50 3515, 74 8.1 3543.8% 1105.96
257.00 799,25 5.73 817,54 13688.40 .
74,50 970,03 .75 459.59 _ . .
13057, 50 #5079.70 T oy - D207 (3] -
43759.30 9% 4 eIl Bt W
B L11045.10 1399.08
' pus it .25 10402.10 1400 .50
o 1739.893 ?.51 (AT4.04 1402.92
w9 833.27 §.79 ars.re 14053
7 1948.50 XTI AFE K] a.H1 559,53 1407.74
i B43.00 AT 7.70 702,81 1410.18
1 13910.00 ASE44,90 10,77 _42544,00 _ _ 1412.50 _ _ DNerz ek kA
i 1722150 G 1s24,20 1h.eA TEEARIL70 C D 1415.02 0 D Duusr _mws e 1% _
es 329t.00 LOO%7 .90 ?.24 10550.00 117,44
A4 1049.50 043,11 .07 3192,2 1417.84
5 2,05 t437.00 NPT a7 a.3% 4378, 32 1422.28
4 2.04 t7a1.50 5525.07 8.47 5797.04 1424.70
B .03 2192.00 B1AL. 4% ?.0%  _BSALSA _ _ 1427,12 Duyr | Wl e T
T 2,04 115L,00 375,82 g.1” 0P8 81 1429,54 .
i ».2a7 2545 274,20 AVTh _ AT 6T LA3) .96 _ C Mrgels rtde Mo L
) AT 774,00 2ava, A 7oAy PR A Fad1..i9
21 2.0% 1374.50 42739,57 H.o4l 1470,70 145,80
7z r.04 1740,00 991,43 .77 H1F4.94 1439.27
73 2.0 520,00 2T 7.7 35,40 1341, 64
FAl 2.1 SE7 .50 1817.71 7. 8T 108. %8 14 — . —_———
] T, 15710 a0 ] 1a.an SLAR, B0 sidmAis A Zad Ji
R v TAAT . TN LR PREAL ot M2 Sa) ¥ WA S P ——— —
7 IEERE] h i, oe TAT 2.9
M 1940,00 AP fr.ow ATA%, 34 1453.74
re A7, iy 74, 7L £a00 2704, 22 LASA. L&
1i- 1§79,00 ALTY A 7,11 CA0A L AA LASE, 50
ELAPSED TIHF T= 1151 MINUTES.
To sou want te return to re-enter 2 reew olaraed time NO



Teble 5 (continued)

HATCH 2

First and last set rumber in bateh T 417445
With (1) or without (2) roots v 2
lLendth of counting reriod 2

DG sT AUl

Roor  DigesTs

1327,50 35.76  3712.23 B.28 3952.02 1857.36
_579.,00 34.21_ 1492.73 L7450 1B02.22 _185%9,78
_1418,50_ _ 34.28_ 3243.24_ _ B.1%_ 3474.60 _1862,20
033,50 35.27 19377.40 9.93 20634.10 1864,62
391,50 35.12 11079.30 9.38 117908.60 1047.04
2.00 18590.50 34,98 53142.10 10.94 S6597.90 186%.46
2,04 17467.00 34,26 ANZE. 60 8.5% S1v1.17 1871.08
2016 AZPLS0 | 35,90 1174.03 7,13 1253.5&6 1874.30
7,04 157%.00 34,28 ABVS.0Y 0.50 4095.11  1B74.72
.02 2934.50 24,28 8567.0% Y12 9127.39  187%.14
2.01 4816.00 34,21 199246.90 .96 21231.40 1881.56
2,06 1070.00 35.62 3004.03 8.07 3200.95 1083.98
2402 3460050 _34.42 1006%,10_ _ 2.20 1073Q,00 1886,4Q _ _ _
30114,00 _ 34,06 8840%,10 _ 11,45 94215.40 _ 1888.82 _ _ _ _
106917.50 34,21 31%17.80 10.43 34018.40 1891.24
3154.50 35,34 8932,80 ?.146 9521.46 1893.44
24843, 00 34,684 71332.10 11.24 7403%9,10 16%64.08
2, 00_18024.00_ _ 33,57_53692.20 _ _10.94 S7240.30 169050 _ _ _
2,05 1247,50 315,55 3509.33 6,23 3741.51 1900.92
— 2,00 12047.,00 _ 34,98 437292.20_ _ 10.86 51250,10 170Q3.34 _ _ _
2.06_1059.00_ _ 34.13_ 3102.45 _ _ 8,10 _ 3308.25_ 1905.764
2,04 1864.50 34,42 S5417.34 B.46 5777,20 1908.18
2.01 B307.00 34.04 24386,70 10.17 26008.60 1910.40
2.09  755.50 34.35 2199.4% 7.76 2346,13 1913,02
46873.00 2 _ _11.921850528.00 _1915.44_ _
£657.00 5.12 18952.80 ?.91 20218.30 1917.84
2.03  2720.00 34.21 7952,04 ?.05 8483,6% 1920,20
2,02 3594,00 33.43 10751,60 2,35 11471.40 1922.70
2.00 26002.50 34.06 76335.00 11,31 B1451,B0 1925.12

ELAFSED TIME 1= 1%27.354 MINUTES,

o wou want to return Lo re-enter o new elarsed time
Do wou want tn cloue down at this stasge 7 YES
Frodgrem Terminated Corrvectlw
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Data Input for Quench Correction Calculation (Table 6)

nd X3 are fed into & multiple regression programme to derive

g

with root weight and root weight squared values. Data in cold
&

correction equation:

=

=X1(DPM in root)+X2(root wt)+X3(root wt?)+K
In this example the root weight squared function does noi
gignificantly to the regression, hence the quench correction ¢

¥=1.3(DPM in root)+170.8(root wt)-9065

This equation is substituted into a subroutine of the
programme .

orrected DPM's for with, without root and digested samples ar

CALPUP.BA

e éombinez
imns  Y,X1,X]
the quencl

L contribut
rquation ist

(A = ]

wr

je2)




Table 6

DATA EXTRACTION FROM DPM1 TO CALCULATE QUENCH CORRECTION

DIGEST DPM 1IN DPM DPM DPM IN ROOT ‘ ROOT Wr2
TUBE NO, DIGEST (Y) + ROOT (A) ~ ROOT (B) A - B (X1) . (X3)

/ 298°R SYoa7 : 2773 2324 _ rd3as
o ' 8052 2200 : £4.6 1334 LG A6t
3 3478 287 A 1608 2264 : 6 oK
“ AOb6INR 21849/ bl OR 7 /e 889 . A’
rr 799 &7k 23448 R A 1096
ses9f N DAY 9603 36346 A 4356
$al Ak g7 97 H3oo ' g
PRy 1292 Ak 43 676
IN4xd 67577 3343 Ik k 70876
GTrAT Forsd 1O 6H T8 A 3721
A 231 Rl ond (318576 10843 7917
3201 6384 w25 2330 ry2
10730 4332 7714 861 3oa2s”
Sh2ré GosHap L4734 & Hlaol : Aok
sueced REbM3 163 9 24 008" r2496
G827 14 E8Y 2067 t3 82 33 exn
76039 1763 /17330 Y3 ROI1G M
S 740 887 A2 2 28838 N LN
RYV'y ps§seg b/16€ 2390 SO0M ¢t
1958 #1079 g8 a2 32837 24929
3308 PERT 22/l 2023 ) OHOA
777 T1AH 14 xo S04 ' 13 Lk86
&6 00Y 28973 L3466 14806 £e36
A3NG A8t 8 da94 1A ; 3¢9
rSosalf 294553 997 €356 S6 169
Ko0atl 18856 HE2S O3/ 3969
QufH S0 499 kb ! 1849
P kT 4638 1Ro4 Fh3u A76 1
81k T4k 27150 A2l G2kt &
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OLD
01d file name-~-MULTRG.ERAS

Ready
; RUN
3 HULTRE 02158 FM laplec-84
| STEFWISE OR NOT 7/ENTER & DR NT N
| DEFENDANT VARIABLE? 1
. ; ENTER INDEFENMDANT VARIAELES TERMINATED -999
! T3 -
|
? ~999
: ENTER NUMEER OF TOTAL SETJ ANDI VARIAGLES? 29,4 i
. ; INFUT NAME OF DATA FILE? LIG.NIF '

DO YOU WANT TO TEST EACH VARIAELE FOR SIGNIFICANT CﬂNTRIBUTIDL Y(ES) DR N{0)? N

MEAN AND VARIANCE OF DEFENDANT VARIABLE 27248.8 .124BIiE 10

MEANS AND VARIANCE OF INDEFEMDANT VARIABRLES

2 14833.7 + 345558 9
3 99,7242 4000.9%
4 13807.9 . 388255FE 9

MNULTIFLE CORRELATION COEFFICIENT R 92.9081

COEFFICIENT OF DETERMINATION (R SQUARED) 84,3191 X%

SUM SRUARES DUE TO REGRESSION i306493E 11

RESIIHIAL MEAN SQUARE = ,1%94307E @

TOTAL SUHM SQUARES = L35L507E 11

RESIDUAL SUM SRUARES = LABUGVEFE 10
S.DEV FROM REGRESSIGN = 1393%9.4

F RATIO IS S52.5787 WITH é3 ANDL 25 DEG. OF FREETIOMN

COEFF. STANDARD ERROR T ‘ : D.F, L
1.32261 .213394 5. 19776 o5 .
300.306 155,231 1.93458 25 g

-, 44875 L AP25654 .910882 25 - Mot ﬁgnaﬂfant

- CONSTANT =-16121.7

CONFIDENCE LIMITS?yY(ES) OR N(O)? N
1
!

ANOTHER KUN ?,Y(ES) OR NUIDIT N
A.DHORRILL 14-Dec-g4

Ready




RUN MULTRG

STEFWISE OR NOT 7+ENTER S OR N? M
DEFENDANT VARTARLE? 1

ENTER INDEFENDANT VARIABLES TERMINATED -999
? 2

¥ 3

T -799

ENTER NUHEBER OF TOTAL SETS AND VARIABLES?T 29,4

INPUT NAHE OF DATA FILET DIG.NIF

DO YOU WANT TO TEST EACH VARIAFBLE FOR SIGMNIFICANT CONTRIRUTION Y(ES) OR N(OX? N

HEAN ANDI VARIANCE OF DEFENDANT VARTARLE 27248.8 L126811E 10

MEANS AND VARIANCE OF IMDEFENNANT VARIAERLES
2 14833.7 «345558E 9
3 ?9.7242 4000,99

MULTIFLE CDRRELATION COEFFICIENT R 92,5435

COEFFICIENT OF DETERMINATICON (R SQUARED) 85.8651 %

SUM SQUARES NWE TO REGRESSTON
RESIDUAL MEAN SQUARE

TOTAL SUH SOQUARES

RESIDUAL 5UM SQUARES

S.OEV FROM REGRESSION

. 304881E 11
+1%3033E 9

+35507E 11

+S01884E 10
13893.6

[T R I

F RATID IS 78.9712 WITH 2 AND 24 DEG., OF FREEDOM

COEFF. STANDARD ERROR T
1.29993 21124 6.15379
176.791 62,0803 2.75113

CONSTANT =-9045.87
CONFILENCE LIMITS?,Y(ES) OR N(O)? N
ANOTHER RUM T»Y(ES) OR N(O? N

ALOVHORRTELL 14-Dec-84

Readu
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These input instructions are derived from the line numbers of the DPM]
file, the solution usage on, the record sheets and the number of the

Teletype Input Instructions II (Table 7)

appropriate root weights in the' file ROOTS.VIR.

T

[¢]

hese instructions allow the second part of CALPUP.BAS +to

orrect the DPM1 file to produce DFM2.

be

Tun  to




Table 7

TELETYPE INPUTS FOR SECOND PART OF CALPUP.BAS.

FIRST USE OF SOLUTION?
WHICH STANDARD (A or B)?
NO. OF STANDARDS COUNTED?
IDENTIFY STD. SET NOS.?
KO, OF SAMPLES?
FIRST SET NO. FOR + ROOTS?
- ROOTS?
ROOT WT,?
VOL. USED FOR STD. (0.5 or 1ml)?

FIRST USE OF SOLUTION?
WHICH STANDARD (A or B)?
NO. OF STANDARDS COUNTED?
IDENTIFY STD. SET NOS.?
NO. OF SAMPLES?
FIRST SET NO. FOR + ROOQTS?
- ROOTS?
ROOT WT.?
VOL. USED FOR STD. (0.5 or Iml)?

FIRST USE OF SOLUTION?
WHICH STANDARD (A or B)?
NO. OF STANDARDS COUNTED?
IDENTIFY STD. SET NOS.?
NO. OF SAMPLES?
FIRST SET NO. FOR + RQOTS?
- ROOTS?
ROOT WT.?
VOL. USED FOR STD. (0.5 or 1ml)?

FIRST USE OF SOLUTION?
WHICH STANDARD (A or B)?
NC. OF STANDARDS COUNTED?
IDENTIFY STD. SET NOS.?
NO. OF SAMPLES?
FIRST SET NO. FOR + ROOTS?
- ROOTS?
ROOT WT.?
VOL. USED FOR STD. (0.5 or 1ml)?

FIRST USE OF SOLUTION?
WHICH STANDARD (A or B)?
NO. OF STANDARDS COUNTED?
IDENTIFY STD. SET NOS.?
NO. OF SAMPLES?
FIRST SET NO. FOR + ROOTS?
- ROOTS?
ROOT WT.?
VOL. USED FOR STD. (0.5 or 1ml)?

YiES

A

4

1, 2, 5/, 52
20

3

53

/

0.5

Ves

B

&

23, 24 73 74
§ 7))
As”

rey
27

-

[~ 2

o

4

4

48, 4L, 957 76

.l-f-
#7
g7

&/
o8




7 DPM2 (Table 8)

and converts the 32P uptake intp actual measures of P-uptake (p

The second part of CALPUP.BAS corrects the DPM1 file for samp]e'quenchin%

P mg-1 fresh weight of ropt). P-uptake is listed in the |penultimat

column and root weight in the final column of the computer printout.

This date may be sorted and extracted according to the sample|codes using

JORT.BAS and EXTRACT.BAS to
analysis of variance.

e

arrange the deta into a form suitable foi




Table 8

ELE
CALFI Q&0 FH 17 See-14

ERTFR THE EXTENGINN FOR FHE LSCOAT AND DF# FILES
Yill uere Aeed rogt usiahts? TES

Mame af File holdint ront weizhis
Have st albawed For Becksroursly decas and CGE.

Nt RAHTEME IO COLCULATE P BFIAND Mu, ROGT-1 0¥

fnter the coafficients for Lthe root auench eeuation
¥1 } fYar 0OFM carrection? 1,320

¥F : Far Ront Wt. 7 170.0

%3 far Rgot WL, Sa.7 0

£V 1 Carcitank? - R0A%

Is thes a First usate of the assay salution
Whirh standard are wng dealiod uith A or B
Mumber of standard connts available far batch
[hentifa sbandard seb rusbers - as asked

Wota e

1

DEEREIR

actiwity of Pirst osats solubion A = 56025.1

Humber of samsles in batch to be errocessed

First st rusber of HITH KDOT sameles

First <wt puster of WITHOUT ROOY samples

First =et number of KOOV WEIGHT value

Is the =tyndyrd Iml or 0.5l ? 0.5

1 2 J 4

1 jao’7.2 Risl- L) 356174
2 3339%.7 I704,7 J1704.7
3 ANBT, AL 450364
4 L3RG, Y 13004
3 207152 073,57
- MI3A8, 77 4034.71
v A374L. 9 43740 .9
8 45477.48
7 A3554 .3
1) K N S 32912.3
1 1914.03 1914.03
12 A5, 14 BR&t. 14
3 17543, 7 1575%.8 1575%.9
1L 44201.5 A42171.7 42717
b} 45358, 1 A00DA, A 20904, 4
14 137455 240,59 2348.92
17 13579 43359.47 6338.47
19 t552:7.9 118944 LEATA. L
19 4007.75 k9 el e | 1170.71
20 478504 LD ML INAS. A

7 ®OOTWT.VIR

7

B

<

-

VIR

YES

<

L Y]
it

5

42458.5
52724.1
50833L.4
79152.3
13842,

17288.5
74105.9
734111
147033

$7094.5
154151
13440.7
anoeL. Y
&9272.7
106154

7294.07
15445.7
1750%. 9
7074.78
11350.7

le rambar

2. DM in vial

Y. DPM in root i.e.(fbottla + root) - (bottle -

4. DM in root corrected for P removal from bioassay
polution in previous uses of solution

5. DPM im rogt corrasted for quench effacte

8. DOFN in root (DEM mg rogt '}

7. P uptake fpg P mg root ']}

+ root

8. Root weight (mgl

194,752
490.057
W90, 299
$95.131
135,905
1A0.079
AP4.417
473,72

&2V.77

472.108
144,42

TU4.542
780,732
547,409
705.311
11?.19%
s 143
A7X. 133
110.557
13412

1139.44

- B42.850

S110.7 30
o, 05
IR A05
I8A. 42
BO5. 545
P75, 582
164,02

£34, 155
454,409
157 .9IA
Y. n?T

129

44




Table 8 (continued) .

fincther batch on winielh ta roalealata enol activite” Ars

i, thys a Crezt vnade of Lhe anood solulynn T Y&
Hhach standard are g dAealing with h or B ?H
, Noumbetr of stand.ed counts available for batch 7oA

TAentify standard set fumbers - a6 aubed

v ood
7 24
73
Ll |
actyvits of firat unane solution B . 44593, 4

MNindwrr of samelew in hateh bo be Frocesoed T 20
First <et rmber of WITH ROOT sewrles 2%
Eirsl  swet rramber ot WBITHOUT RODT womr les 7 75
First set rnusber af ROOT WETGHT value 21
Is the standard Ia) or 0.5w1 ? 0.9
| TA0160.5 F46010.5 A9867.7 7¥i.551 1378.44 £3
o b el I 299211 60435.2 404,352 1052, 44 100 -
o3 4007 .14 6000, 14 176%4.3 186.873 325.420 &9
4195.51 4195.F1 10338.2 137.043 240,044 75
§T3t4 12316 28el6.9 376.47 ASS. 747 76
P04, 97 «0al,. 97 46023, 4 024,34 3IP0.4676 e
A301. 8 A43201.4 144173 493,141 1207 .08 208
28834, 9 28834.79 124997 ?19.0°9% 1600.55 138
21471.8 21471.8 43445. 4 $71.775 11469.84 &5
R 11835.7 1L835.7 23110.5 317.304 543,859 74
8993.57 gryri.a? 226%1. 8 270,14 470,433 a4
13%589,2 1258%.2 28872 353,975 &£16.425 a1
I0N18.0 325348.9 73886.7 427,091 743,752 173 Px)
174690.6 17698, & 41133.7 321,357 S57.424 12a 0N
1334,72 1334.72 5580,72 80.88 140.848 &9
LY 3374.74 3374, 7A 101469.7 151.787 244,300 &7
4%)1A9 .7 40717 0717 73593.8 525.47 PI5.422 1a0
I7A41.4 Ilabn s I144B.% S¢nn) D11.804 891.27% 1z
101a%, FYOR.TA 768,046 ROSO.056 350.011 407,523 o1
A= 1450%.3 1657%.3 29587.4 Jaa.042 L Bl Ad
motiier hateh o6 winch Lo celrglate raot artavatys™ YES
1% this a firtsl yaade of the autaa belutiron 7 NN
Have first usate DFHs becn entered ? YES
Which ctandard are swipg doaling swith A pr H ? 4
MHumper of stoaetard conpts availabile far baten . * 4
tdentify ~landard et nombers - 36 asked
> AT,
7 an
woen
v g
Homboet Of - =m: Je, an Betoh to be rrocessed 7 o4
Fir-t sol umber of WITH ROOY samrFen v a7
First  set rombzr of WH1THOUT KOOT gumples T 97
Fir:t =ct oomber of RODTY WUFIGHT value T 41
Is Lthe stgeaiard 1m) or ¢.%mi T 0.5
N 41 I5750 0725 14591.3 47535, € &97.701% 965,135 71
- . e 4o - . BT e d BTN D .. 2AADZ.XE AA12.3. . S36.674 .. . 7A2.W6 e
43 VIAL NN PEMURY | 200,04 ILIT T ran. AR 341, 144 a1
A4 181°9.7 10aa3,0 L1A3a, 8 1R nn. At 471 849 o3

- B . X . . Anoabthor Batch o wharh to calenlagts runt artavits™ NR
f'ro1ras Terninylnd Carroe 11y -

[FULT
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Appendix II

Listing of the computer programmes used to calculate the P-uptake by root
samples.,
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1 Programme "PURGE.BAS*

Programme to remove control and other odd unprinted characterL génerated
on the paper tape by the scintillation counter.




SIPA R  V V  a a a

39

PROGRAM "FURGE ., FAS®
A program to det rid of ‘wierd" characters from L.S.C.tare.

Extend
FRINT
Ineruyt ' Name of file to be *rurded*’F$
Input‘Clean file to be called T e NS

OFEN F% For inrut as file 1%

OFEN N$ For outesut as file $#2%

On error €0 to 100

TARBLE$=STRINGS (32%, 0%
TABLES=TARLE®+CHRS( J%) for N=327% to 126%
TABLES=TABLES$+STRINGH (1 28%0%)

INFUT Lirne ¥1lr:%
D$=XLATE(CVTSS(XEs4%) s TARLES$)

IF Tis<3% 7" THEN FRINT #2.T¢

GOTO 10

IF ERR=11 THEN RESUME 32000

KILL N$

FRINT RIGHT(SYS{CHR$(4%)+CHR$(PXL)+CHR$ (EFRR) ) »3%)
RESUME 32100

PRINT‘FROGRAM ENIS OK-

CLOSE #1-.%2

ENID
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2 Programme "TIDYP.BASM

FProgramme to set up a virtual

- file of purged data files proguced by th
cintillation counter. |

453
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1! PROGRAM *TIDYP®

A prosgram toset ur a8 virtual file from the Purded raw data
files rroduced by the L.S., counter.

2 Extend

X Mim #2%L(2T00,2)

N Frint

\ Input ‘Furaed raw - data file name’+F$

N InFut ‘LSCIAT matrix file to be called”«L$
N OFEMN FP$¢ for inrut a3s file#lX

AY OFEN L% for outrut 35 file#l¥

N\ DN ERROR GO TO 100

\ RE=0%

10 INFUT #1r N(JXZ) For. JX=0% to 8%

Y R%U=RX+1%

A L{R%»0Y=N(1)

N\ L{R%Zy1)=N{2)

N L{R%s2)=N(B)

N GC TO 10

100 CLOSE ¢i

\ IF ERR=11 AND J¥%=0% THEN FRINT'PROGRAM ENDIS OK’\ GO TO 300
200 PRINT

\ FRINT‘ERROR’ ferri‘has occured’

A FRINT'File’iL%: ‘must NOT bhe used’

390 FRINT

\ PRINT’FParte of last limes entored into’:L$3'rends’
AN FRINT‘(Record rnumber’ iR¥%Z3 ‘)’

N FRINT L{(RZ:J%) For iX=0% to 2%

AS CLOSE $2

32747 ENT
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BiProgramme "CALPUP.BAS"

Programme to calculate DPMs corrected for background, ded
radiotracer and quenching. Converts DPMs into actual P-uptake

Programme "BATPUP.BAS"

iz the equivalent to CALPUP de%igned to run the programme as
tb printeut on the fast printerf-

ay of the

8 batch job
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1t FROGRAM *CALFUFR®

A program Lo calculate P urtake bu rootsustems
in the F-defficierncwy bioassau,

2 EXTEND

\ DIN #1%,L(2500+2)

N DIM #2%eY (25004

Y TIM #3%XrI(250054)

\ DIM $4%Z,V(2500)

\ FRINT

AN INFUT"ENTER THE EXTENSION FOR THE LSEDAT AND DFM FILES’+EXTS
AN EXT$=LEFT(CUTHS(EXTE» 3013

\ OFEN 'LSCHAT., “+EXT$ FOR INFUT A% FILE 1%

\ OFEM *"DPFML. FEZTS aAS FILE 2%

\ OFEN “IFHM2, FEXTS A% FILE 3%

N INFUT'Will wou rieed root weishts’sRODTS

N\ IF LEFT(CYTS$(RO0TE»34%) »1%)>-2"Y’ THEN 10

5 INFUT“Name of file holdinzd raot weigshts”sroot$

AY OFEN ROGTE FOR INFUT AS FILE 4%

\

10 inrut ‘Have wou slliowed for Backdround: decau and C.E. srerlus.

\ if lefticvttsirerlud 34X r1%1='Y’ then SO

20 erint .

AN Frint’#¢ ROUTINE TO CORRECT FOR BHACKGROUNID: DECAY AND C.E. #%-

Y Print string${(S77%+45%)

23 ETirt

\ ineut ' Minvtes elarsed before counting started’sert

AN ineut "Backdrounds for with and without roots’rrsbl+b2

N ineut “Total number of batches in matrix to be Frocessed’ rnX

\ for ml%=1% to n%

\ Frint chr$(12%)

AN Frint BATCH iml%

N rrint

N inrut 'First a3nd last set rmber in bateh’senlZon2%

s insat TWitn (1) or wilhout (2} rnots’yyrw

s, 1nrgt T hendgth of connting reried syt

N mryint

\ if w=1 thon u=hl elgse w=b2

K14 for sd=nl¥% to nd%

AN EAS AT R ESNESAT AR S REE AR RUES NS T B TS WS A, SR TP

Y LGSR BEINES AR DY SN D)

N\ U(rPHs2Y= (0. 49K {r%+D2) -9, 34

N S(ele3) =gl mpdr )R 0100/ al{=ly2))

N HlEdr 4V =loa (/' rl e300 L APIR(L/2054T))

AN dleirfidcove (gieheg))

\ g{pled)=t,

* Erant USTNG HERE v

A Frint USENG' SRESFE. RLFEER’ v (0%, u9%)F for =9%7=0% {n &%

N Frint

N t=t4ct 40

. riesst, 2%

\ nest mlx

N, rrint

\ Frint "ELAFSED TIME T='3T: MINUTES. -

N erint chr$(12%) '

5 inest Do gou want to relurn to re-enter sz hew elassed time ' rreclut

. if leftlovis$(rerl=$.322),1% =Y then 25

40 insut'lo wou want to clase duwn 2t bhis stade yrerlus

- if leftlcvtss(rerlut,34%) 1% =Y’ ther 200

50 Frint

N Frint #% ROUTINE TO CALCULATE F UFTAKE Mdg. ROOT-1 %47

N print

N rrint stringd$(48%,a5%)

., Frint

N JE=1%

55 FRINT*Erter the coefficients for the root auench eauation®

N INPUT*X1 ! for DPM corrsction"$XININFUT Y2 ¢ for Root Wi, "EX2

N INFUT*X3 | for Root Wt. Sp.*i{3N[MFUT"Y4 i LNonstant" i X4

40 erint for 1l¥=1i¥% to 4%

. imrut Is this a8 Ffirst ussde nf the zzcaw solution’srerlug

- if leftlovtss(rerlad, 34T, 1% 77" ther 70

o inPut’Which staridard are oo deslisne with - A ar B’ sas
df=cviss (dey3ay)

= if d$="A‘ then o¥=1%

alse if d$="B’ then d¥=37 ol:e 4

30 s(dX)=0.,0
. doto 120
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20 inrut‘Have first usade [FMs been entered’ srerlus
AY if leftioviss(rerlu$,342)91)=7Y’ then 110
100 inrut’Enter first wusade OFMs - A then B’ss(llrs{4)
110 inFut ‘Which standard are uwou cezlins with - A or B sd$
\ d$=cvttdicls,34%)
N\ if d$="A" ther dx=1%
else if d$="R’ ther o¥= 47 else 110 :
120 £=0,0 . ;
N ineat "Nomber of thndurd counts availsble for batceh sl
\ Frint’Tdentife stadderd set numbers ~ as coked’ '
N Erint .
N for 14=1% 4o 2
AN inrut 3%
N s=stulcdq%, 5
\ newxt 1%
N s=5/52
kN if s(d¥%)1>10 then 140
130 s(dX)=5 :
N Frint’Activite of first usade solation "id$3° =’3g(d%)
140 Frint
A% ineut‘Number of semeles in batch to be srocessed’yn3¥
N inrFudt‘First set mumber of WITH FEOOT sameles’sh¥
AN infFut’First set fumber of WITHOUT RODT sameles’s1X
\ insut/First set number of ROOT WEIGHT wvalue’ X :
156 incrat ' Is the standgrd Iml or 0.5m1 ¢e
“ if edx1.0 AND e{}.g thnern 150 :
140 print, chr&(12%)- | :
\ far kX=1% tr_\ n3%
N LLgE -9y ineS) |
AN i(JZrl)’i(p/,O?*H(lV'd) I
N 1(4.v_)"l(u/vl)k(s(n/)fs)
A LEEIVERRY S ]
E=UY
L TOAR e 2P0 =m (XL T O R 0K ) HOX2ED L LRI +¥ Y
bt I Q=T ¥ -F/Y
§00%S LSV ETLSE000ke /2 (AT )
. i 0%
N R
. rrint PCLAR AR Y s g e nn ey for % Lo HY
- Frint (98>
. if i(J?rﬁm)“ﬂ4000 then rrint L%y 4) alse mrimbt kE¥EX L ([i%,&
17¢ LE=1%+1%
N hY=h%{+1%
\ Jd=axetz
\ reext kA
AN Frint for ¥X=1% tol 3%
N inrut’Another bateh on which to calculate ronot, aﬂtlvl.u';rEPlB$
b if left{ocvtssirernluteT4)1,10m7Y’ thaon 40
200 CLOSE 1%+2%+3% 4%
5\ rint’Frodram Terminaterd Correctlu’
NOEND




FROGRAM *BATFUF*

This rrogram will creste and aueue 3 batch .Job for
the "CALFUF* -rodram. .

A.NELSDN. AUGUST 1983,

ra

EXTEND
ODTH HA(E3OX)
N&="NO"’
Th='YEG’
FREINT .
FRINT"RATFHF® Crestos and ausnes batoh Job for CALFUR
PRINT
FRINT ‘Enter the ortension (mat nf 3 chrs) af the’
TRPUTLSCOAT . DEMY gl TPM2 files’ +EXTH
EXTH=lEFT(CYTE S ELTEy38% )y 3%
|L.GCe="|.GCIAT. "+FE TS
NFl¢="DFML, " tEXTY
UF26="TFnZ. " tEXTL
IF NOT FNCHECKRX(LSCS) OF NOT FNCHECKXZ{TIF14) OR NOT FNCHECKXZ(DOFP2$) THEN 20
ON ERROR GOTO 50
OFEN'CALPUF.BAS’ FOR INFUT AS FILE ¥1%
CLOSE #1%
FRINT Prodg CALFUF.BRAS found”’
GOTO &0
ERINT CHR$ (7%
FRINT The frogran DOHLPFUR  BAS and data-File ‘iLSE$7’ must be s=resent’
FRINT on the syotem disk for tiwe iob ta run successfullu,’
RESUME 32747
OFEN 1.5C¢ FOR INFUT AG FILE ¥
CLOSE #17%
PRIMT File SLSCHES 7 founn”’

P AP I A A e A B

(=

Pl

\
N
AN
N\
S0
\‘
\
AN
&
\
\
AN

=]
=

N ERROR GOTO 110
FRlNT
THEUT? JOR ModE 7, RS
JOBES=FNGOCANT COUTO R JORR IRV, 7 D1 )
DEEN RS FOR INFUT A% FTILE %1%

SE ¥1% '

NT CHRE(T%)
FRTHTFiLla & 10 F alregry ooyt
ST R -
TF LEFTWEUTES X ey Y% L%Y= Y IuFn 170 FLSE 100
IF ERR=5 THEN FESUME 170 ELGE SN8UH 1000 N RESUNKE 100

-

nuerywryte b0
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ON ERROR GOTO

OFEN JOB% FOR OUTFUT AS FILE ELX
FRINT #1%» "$JOB/CCL /NOLIHTITY
PRINT #1%, $5ET GﬁGﬁPIDTH 1587

QUENCH%.=0%
RUENCHS="1465
PRINT |
FRINT‘Current QUENCH| correction eauatior is...’
FRINT ; ‘
FRINT QUENCHS
PRINT i
INFUT‘Will wou need to enter one for this Job’ X%
IF LEFT(CVTSS(X&, IQUP X207 Y 7 THEN 250
QUENCHY%=~1% |
FRINT ;
FRINT Enter the values for &y Ky © and [ as asked’
FOR JX=45 T0 &8% )
JE=CHR® () |
FRINT J%;
INFUT X
AS=NUMLS(X)
FL=INSTR{LZ s QUENCHS » J%)
QUENCHS$=LEFT{QUENCHS r F%:-1%) +X$4RIGHT(BQUENCHS : F¥
NEXT J%
FRINT
FRINT Revised QUENCH correction eausation is...”
FREINT
FRINT QUENCHS®
PRINT
INFUT’Is this carrect’ »Xs$
IF LEFT(OUTSS /XS, 28%) 1% 'Y " THEN 200
FRINT .
INFUTNzme of file holding FOOT weights’,RO0T$
ON ERROR GOTO 230 .
OFEN ROOTS FOR INFUT AS FILE #2¥%
CLOSFE 42X
GOTO 240
GOSUHE 100G
GO0 220
O ERROR GOT 1
PREMT 1%, +OLN CALFYE
FRIMT 1%, DUINEHE |
FWTNT %y b
FRINT $1%y “$0ATA
ERINT $15EXTH
ERINT $1HaY 4
FLIMT 1Y 1RONT 4§
oonrn iIng

TR T =CAKT (UM DU Y H OBV HLCRD (T /

HiZ%)
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FRINT #1%,’'$RUN CALFUFR’
FRINT #1%r &DATA’

PRINT #1%sEXT$

FRINT #13,N%

FRINT
INFUT Have sou s5)lowed for backsrounds decaw and C.E. #X$
IF LEFT(CUT$$(X$s38%)»1%>="Y" THEN FPRINT #1Z,Y% N\ GOTD 400
FRINT #1YXsN3%
TNFUT *Mirutes elarserd bafore counting started’»T
INFUT Backaround= for WITH and WITHOUT roots ‘sRB1,HD
IMPFUT Todtal ro nf bateies in matrix tn me rsrocessad’ vNX
FRIMT #31%, 7
FRINY #1ZsB1e ¢ #RT
FRINT #1%sM%
FOR J¥E=1% TO NY
FRTNT
FRINT BATCH' & %
INFUT'First and last set number Iin this pateh’ f$NIZSNIZ
INFUT HITHCL) or WITHOUT(2)Y roots’ U
INFHUT “{ength of counting reried’ T
FRINT ¥1ZyNLZF "¢ $N2XL
FRINT #1%.W
FRINT ¥1%sT
NEYT I
FRINT
INFUTFeturn to enter a8 new elarged time o X%
IF LEFT(OUTES B 38% v 122/ Y . THEN FRINT ¥1Z.Y$ N GOTO 320
FRINT 41¥ .M
PREINT
THREUT Do wou want o close down at this stade’ o X%
TF LEFT(CUTHS(XE o38N 1%y 4/ THEN FRINT $1ZsN% N GOTO 410
FRINT #1%e¥Y4
FRINT #17%, " SEQL
FETHT ¥1% . $F0 17
[
G T
GOT0Y

FROHY

THED T T tvvvs s il w0 gt o8 g = Gk ot < XB

IF LEFTAOOTFE e TN 0%Y 0 70 TN PRI #1Y.HE N GOTO 430
PRINT 1%,

GOSUER 420 -

GOTD S00

FRINT
INFUT'Which standargd are wou dezling with - A or B yX%
Ah=LEFTICVTES (Y, 387y 130

IF X% A7 OND L4017 THEN 420 ELSE FRINT #14.X¢
RETHRN




i

! : :
430 INFUT ‘Have first usaﬁ% DFMs been entered’ »xX$ ) |
|

N\ IF LEFT(CUT$$(X$, 38Xy 1% ="Y" THEN FRINT $1%ZsY$% \ GOSUER 420 \ (OTHD S00
440 PRINT #1ZsN$ |
\ INFUT ‘Enter first usasge DFMs - A then B‘sAR o
A FRINT #1X+637 'y’ +E :
N GOSUER 420
N
500 FRINT ‘ ;
TNFUT “Number of std counts avsilable for batch’sN%
FRIMT ¥1¥sN* !
FRINT |
FRIMNT ITdentifw ztd seh rnumbers as asked’
FRINT
FOR JZ=1% TO IN%
INEUT XX ‘
FRINT #1L:X% .
NEXT J%
FRINT

L R S

INFUT 'Number of samrles im batch to be rrocessed’ XX

A PRINT #1%Z:%X%Z
\ INFUT'First set number of WITH ROOT samrles”’ +XX
N\ FRINT #1%Z+X%Z
N INFUT‘First set numbar of WITHOUT ROOT samrles’ #XX
AN PRINT #1%.¥Y R
Y INFUT "Fair=st set rnumber of ROOT WEIGHT samrles’ s X%
\ FRINT #1%+X%Z .
510 IMFUT"T= the stardard 0.5 or 1ml‘¢X
N IF *=1.0 AND Xi?O-ﬁ!THEN 510 ELSE FRINT #1%+X
5 FRINT
i INFUT Another batoh ?n which to caleculate root activitw/[rX%
N IF LEFT(EVTS$3/X$,38% ,1%)="Y’ THEN FRINT #$1%Z.¥$% \ GOTOD 400
epead] FRIMT J1%-N$ ! .
N 0ATN 358
!
!
Lo FRINT CHR$02¥%)
N PFET>T FIGHT(SYS(CHR¥{AYI4CHRE(PL I FCHR & (ERR Y Y+ 320

- RESUEE LO7?
1095 RIELTHRM

RN FRIMT
B FRINT QUELING JOE‘
> oM ERROR GODTO 2G1O

FoHINEOYSIOHRE AN IILHRG (- L oMY+ DO ) r 7H s 47D :
N QE=GYSCUHRS (AW FUMRT "?BX)+STFING$(4Z;OZ)+F$+’BQ’WBTRINdﬁ(16290%))
Y PRINTCJOR  QUEUETD”

* GOTD 2099 i |
2010 FRIMT/QUEUTNG FATLEDA :
N FRINT

AN FRINT Ture QUE BAI="{JNBE$Y’ to eueue the Job wourself.’

hY RESUME 2099

2099 FETURN

a1

1000 DEF FNOLLaNS(Z%:E%)

AN FATINYR K EAWE PED 4] ;

\ CHANGE SYSITHER AT FTHRS(=10%)47%) TO MY _ |

N A PR S AN AN VAR T h A

. TF =i AND 2% THEN FNFLAN$=Z$ ELGE FNSCAN$=Z&+ES

OGP FMEMI

1 !
|
|

A0 [EF FMOHECKT(Z$)

. ON EREGE GOTD 4010

\ FMEHECK =05
aFE 7% FiOR INPUY @S FILE #1%
[ 3 I

N G0TO 4090 :

4010 IF ERR=5 AND (Z$=DF1% OR Z$=[F2¢%) THEM RESUME 4090

4020 oSV 1000

Y FRIMTFILE IS ‘5Z%.

N GOTO A0%9 i
4090 FMCHFCE L=~ 1% i

ANGT UMIND

Sl

|
|
|
52747 END | ‘
|
]
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Programme "SORT.BAS"

Using a file of pairs of numerical codes for the root samples in the same
sequence &as the roots were processed, this programme sorts the DPM2 data
file into & sequence according to a numerically ascending order of the
codes. The programme also extracts the P-uptake data {penultimate column

of DPM2 file) to create a file on which statistical analyses may be
performed.

e, PR T FEY DT, AR T
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2 EXTEND
O DM WNX(11000%)

10
20
30
40
45
a4
47
50
55
Sé
57
40
70
80

85,

86

?0

100
200
210
220
221
22

224
230
235
234
240
250
300
310

22747 ENU

TIM #£3% » V(2500,&)
INFUT ‘NAME [iF VIRTUAL FILE (INFUT) .,
OFEN V$ FOR INFUT AS FILE] #3

INFUT "NAME OF FILE HOLDING FAIRS OF CODES’,

OFEN F$ FOR INFUT A4S FTLE| #1
INFUT ‘NAHE DUTFUT FILE 2%

OFEN Z$§ FOR DUTFUT AS FILE#$2
INFUT ‘HOW MANY FATRS IN IT'y F¥
XE="" :

X$=X++ tEEEHE. 44 © FOR J¥=1% TO 7%
MAXX=0% N MIN%=11000%

FOR JZ=1% TOQ F¥%

INFUT $1.N%

INFUT $1.M1%

IF NYEXMAXZ THEN MAXY=NY

IF NX<MINZ THEN MIN%=NY
NZ(NZY=J%

vs

NEXT J% i
FOR JX=MINX TO MAXY |
IF NX(JX)=0% THEM 250 |
N2E=NZ(JIZI %D :
N1%=N2¥%-1 :
FRINT #2.USING #43%F ', %}
PRINT#Z2 USTHG K&, (NIZK¥)iFDR KZ=0%Z TO &%
FRINT#Z
FRINT $2,USING $£++%% ‘e %S
FRINT#2:USING &, (M2%sKXYiFOR K%=0% TO &%
PRINTE2
NEXT J%
CLOSE$I 42 ,$3
FPRINT " DONE -

Fée
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