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_Work in the Soils-Weather project by the Institute of Statistics is of two
sorts, The first is advisory with respect to procedural details in so far as
statistical considerations form the proper basis for decisions about procedures,

The second is the statistical analysis and summary of data collected in the project,
This report is divided into sections dealing with these two aspects of the work,
]

Section I, Statistical Research,

Because of the scope of the Soils-Weather project and the many questions
arising relative to procedures special studies of the statistical aspects of the

project were initiated,

The Soils-Weather project is designed to provide data from which the effects of
environuental variables on composition of the plant can be estimated in terms of
regression coefficients, At numerous points in the conduct of the project alterna-
tive procedures could be followed, The actual choice of procedure must always stem
in part from the expected consequence on precision of the regression estimates of
s0il and weather effects to be obtained from the data, Procedure for sampling the
plant material serves to illustrate the point. The final choice was between using
"just unfurled" leaves from as meny plants (necessarily a fairly large number) as
required to provide material for the various chemical anclyses, or using all leaf
material (excluding mid-ribs) from ‘sach of 5 to 10 plants. Three points were at
issues(a) For what portion of the plant is the fundamental information required?

It was pointed out that the "just unfurled" leaf does not have the nutritional
significance of the entire plant. (b) Which proccdure lends itself to most uniform
application from station to station? There is reason to doubt that the various
workers would have the some concept of what a "just unfurled" loaf is. If they did
not, this would be a source of composition differences between stations unrelated to
differcnces in environment and hence o source of error in attempts to relate station
differencce in composition to differences in onviromment, (¢) Which mcthod lcads to
the most sampling crror and what effoct docs the differcnce in sampling error hav

on the precision of estimation of regression coefficients,

Such questions as (c) above arc involved in the statistical rosecrch, The first
phase of this ressarch is theoretical in naturc ond consists of identification of the
factors which affect the precision of regression cetimates ond the quantitative
effect of each on precision, (This is by no mecans a now fiocld of statistieal
investigation, but the specific problems of the Soils-Weather projeet raises
questions not answered by the literature in a form thet is directly applicable,)

The second phose is concerned with obtaining quantitative information on the factors
which affect precision,

A, Factorm affecting precision,

The important foetors affcecting preeision of regression cocfficients are

1. The magnitude of error in me-surcment of the dependent variable (in this cﬂee
the nutritional components of the plant) relative to the real voriation
present, This error is composcd of errors in chemical determination ond error
in sampling the plant population,
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‘ 2. The magnitude of error in measurement of the independent varicbles (in this
case the soil and weather voriables).

3. The ncgnitude of real voriation in the independent veriable that is uncorrela-
ted with the other independent variables to be involved in the regression
equation, Corrclation among independent varicbles ncans that the variation
in one indopendent of variation in the others is reduced and hence that
precisgion of regression cocfficients is roduced, C

4e The number of indpondent observations in thec data,

Knowledge of hou these factors affeet precision together with quantitative
information about them in this projccts forms the basis for many decisions of
which some examples are given below,

l. How many samples should be collected from the field on a given day, and how
nany chemical determinations of a given sort should be made on each, 4s will
be recorded below, rather good information has already been obtained relative
to this question,

2, Is the agreement between workers in results of chemical aneclyses satisfactory?

* 3¢ In view of the relative magnitudes of variation in weather from station to
station, year to year and season to season at the same station, and from week
to week or day to day in a given season and station, what is likely to be the
optinun distribution of effort in the projects To illustrate the point, if
the variation in important weather verdables within seasons at a station is

. - -small relative to that among stations, years, and seasons, effort directed at
measuring plant composition frequently in each season will largely be wasted,
As another example, if ‘year to year variation in weather within stations is
of a lower order than between stotions in the same year, or if the correlations

_anong weather variables are larger from year to year within stations than from
station to station within years, it would be more effective,to colleet data at
nore locotions at the cost of reducing the number of years involved.

4be How much'information (data) is likely to be required as o basis for concluding
vwhether regression coefficients surpass or fall short of specifioed sizes.and
how will this vary depending on the manner in which the work is conducted,

A great deal of offort has been put into clarifying the basis for answering
such questions as those listed zbove, 4 number of the basic equations relating
to precision in this prejcct have been formulated,

Bs Collcction of guantitative information on factorg affeoting precision of
, regrossion cstinmates, ' v

Work to date has boen primarily concerned with estinntion of the corponents

- of varience in one group of the dependent variables, the vitomins, It is of prime
inportence to learn vhether neasurenent errors are sufficiently low relative to

the real variation in the nutritional componecnts so that they will not cause
serious loss of precision in cstim~ting relationships with environnental variablese
The vitanins were given first attention since the project workers have been more
in doubt over ability to control errors in measuring the vitanins than in the

cases of other nutrients,
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The referee sample work was initiated by the project workers to furnish
estimates of error variance inherent in the chemical determinations, Data
collected in the regular course of the project and in certain special studies by
the North Carolina workers have been used to obtain estimates of sampling variance
and of the variance in true values of the vitamins, The important results are
summarized in Tables 1, 2, and 3, With regard to error of chemical determinations
three clarsses of variance were recognized and estimated, They were (2) veriance
among analyses made on the same day, (b) additiomal varionce stemming from inability
to et as comparable results on different days as on the same day, and (c)
additional variance betwcen analyses made by different workers at different stations

Table 1, BEstimates of error variances of chemiczal determinations,

Vitemin within day verionce day to day vorionce gtation variance Total
A(mgg/loo gm3) 015 031 6.70 7.16
Bj {meg./100 gms) 682 542 , 4,900 6124
B2(meg,/100 gns) 6230 16,308 23,787 46325

It should be pointed out that variances for vitamins By and By had turned out
congidcrably higher in the results obtained with an earlier referce sample, However
in the meantime the workers had discussed analytical problems and agreed on uniform:
procedurcs when they were at their annual mecting at Memphis, It should also be
noted that the estimates in Tcble 1 are subject to large errors, However, they
represent the best information available to date.

Table 2, Estimates of voriance among field samples (within day variance of,chemicai
deterninations is also contained in these estimates), o

Vitomin
Sampling method 3 By B, c

"just unfurled" leof 16429(24)% 87,272(24)  4,068(22)
' 3.99(25) 2,540(25) 30,248(25)  3,101(25)

7.79(9) - 17,597(9) 30, 227(9) 2,710(9)
8421(27) 13,630(27) 73,274(27) 4, 474(27)
Average 3. 20(85) 9,670(61) 60,013(85)  3,761(83)

: 40,06(36) 135,500(36) 62(36
Average 34,11(72) 128,065(72) 18,551(72

*#PFigures in parentheses afe degrees of freedom on which estimates are based,

In viev of the larger variances for the whole plant sanples (the method
adopted) when they were based on 5 plants, it wos decided that sanples should
contain a nininun of 10 plentse In view of the comperatatively low within day
varionces of chenleal deterninction (see Table 1) this should mean a reduction of
about 50% in variance anong samples collected the sane day,
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Table 3, Estimates of variance in roal vitonin eontents fron day to day within
scason and station,

Vitanin
A B . By c
21,74 43,112 229,685 8,551
115,84 o é26,239 13,220
3208 35_-2228 862,635 8,379
Avcrage 58,88 4y 525 399,519 9,140

s 7.7 254, 632 96

The average nutrient valucs of the crops for single days are based:on duplicnte
scnpless  Consequently the orror variance of thesc aver-~ges vhen used for within
sonson, within station analyscs is cstinoted as onc half the within day s~nipling
varicnce plus the day to day variance of chenical deterniinations (eolurm 2,
Toble 1), Assuniing 10 plent sanples this becorcs ~bout :

%(224) + 03} = ~8-.81

in tho case of vitanin 4, The ratio betwecn this error varianec of doy neans
and the variencc in true vitaain contont, Table 3, is the key to whother
neasurencnt errors arc sufficiently sncll, The approxinctc relative nagnitudes
of these two'variances are listed below,

Estinated error Egtinatod variance of real

varianec of dey - vitnain content from day to
Yitanin . Doong doy within seagon and station
A 1 : 8
BY 1 7
By .1 7
c %% 2.

*It vas assuned that the ratio of'variance for the two enmpling nethods would
have been of about the same order as for the other vitanins,

*¥Doy to dey voriance in chenical deternination not available, henec orror
variancc of day means nay be undcrestinated,

- If the nagnitude of real variation is as large relative to error in
neasurenent as indicated in tho case of vitanins 4, By, and By the loss of
procigion due to measurcnent ecrror will be of nminor inportance, The sane can
hardly be said with respoct to ascorbic acid, however,

In the casc of regression estirmates bascd on differeonces fronm scason to
season, or frou yeor to yeer the najor source of error varianece will be that
anong chenieal deterninations. separated widoly in tire, (Sampling variance, along
with day and day to day voriance in chenical deterninations will beeone uninportant
because season neans will be based on a nunmber of sarples collected and analyzed
on different doys,) If this can be kept as low =5 was estinated for station
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variance in the results of the last referee sample it will not be an important
factor in precision of regression estinntes, The workers seem to feel this
should be, but as 2 precautionary mezsure hove incorporated into the project
some running checks on chemical analyses,

To summarize, information obtained from the data collected to dete indicates
that, in goneral, accuracy of menswring the vitamins is adequate when considered
in terms of effect on precision of the regression estimates for which the data
are being collected, The onc possible exception is in the case of ascorbic
acid, Further, informetion on this point will be accumulated as rapidly as
data becomes available, : :

Section II, 4&nalysis of Data

The Institute of Statistics is responsible for sgtatistical analysis and
summary of all data colleeted in the Soilg-Weather projects This includes data on
numerous supplementary studics such as reported in North Carolina Nutrition Serics,
Progress Reports 9-22, Anclyscs and results completed recently, and hcnee not
availeble for inclusion in reports of cooperating workers, are given below.

&, Effect of pro-gampling.

Congidoring the limited numbors of plants to be grown in standard-woil pots
and local=-soil pots, it was neccssary under the original sampling method to take
leaf samples from the same plants on successive weeks during the growing scason,

It was believed by several cooperators that this procedure might alter the
physiologicnl balance of the plants so as to give spurious results on succeeding
samples, - 4 replicated experiment involving four treatucnts to test the validity of
the sompling procedure was conducted at the Oklahoma station, Treatments consisted
of "pulling" and discarding zcro, onc, throe and five leoves from o number of sets
of plants one wook prior to sampling, Samplcs vere token from each set and
cnalyzed for ascorbic acid and dry matter content, The rosults werc extremely.
uniforn for both constituents, therc being no cvidence that pre=sanpling sffected
either oscorbic acid or dry matter content of the plants, The mean volucs are
shown below (dry basis),. ' :

~ Table 4, Troatument means for vitamin C and dry matter,

eatment Vit, C (mg,(loo grs) . bry natter (Zl

no leaves : 957.9 16,1
1 lcaf 016,2 15.5
3 leaves 931.9 16,4
5 leaves 983,3 15.3

Bs. Effect of soil and woather,

The experimental plan of the SoilseWeather project permits a within station
comperigon of plant response on two different s0ils under the same weather
conditions, as well as a comparison between response of plants grovm in the field and
plants grovm in pots containing the field soil under the samc weather conditions,

Notable differences in vitamin content have bcen observed between plants grown in

local s0il in pots and standard soil in pots (Table 5), In gencral, soil differonce -

had less effect on vitamin content than the weather, Vitanins Cy By, and 4

vizhib%ted particulor indifference to the two soil types at all stations when grown
Pots,. )



Table 5, HMean vitamin content of turnip gréens grown in ldcal-soil in pots,
standard-soil in pots and in the field. (Dry bosis)

Constituont Station - Local pots @fandord pots  Field
Vitanin & Georgia 40,06 39,84 64,433
(mg,/100 gns) North Carolina 32,58 34481 51,82
‘ Oklahome. 24,433 28,67 42,14
Texas 35-36 40028 37021
Vitanin Bz . _
(ncg/100 gns) North Carolina 2165 2292 3340
Oklahona 2251 2514 2345
Texas 4010 . 4068 3232
Vitamin By :
(ncg./100 gms. Oilahona 1770 2061 1699
Tcxas 1481 1605 1924
Vitanin € Goorgia o 1192 1168 . 1369
(ng./100 gns) North Carolina 1214 1159 1307
Oklahona - 1220 1252 1239
Texas 1159 1184 1075

There were indication, however, thot certain soil characteristics such as tyvc of
sub-goil, drainage and acration nuet affect vitanin content since nutritive velue
of plents grown in the field diffored significently from those growm in the same
soil in potse. Plonts grown in the field at Georgia, North Carolina and Oklahoma
- showed significantly groater amounts of vitamin A, Vitanin Bp eontent was
significontly higher in field-grovm plonts at both North Carolina and Texas, while
Texms and Georglo showed significantly higher vitanmin By and € respectively for
plonts groun under ficld conditions, With regard to nincral content of turnip
greens grown in pots cnd in the field, it is intcresting %o noto thot where
significant difforences existed they were between the field and the pots

(Ca, g and Fe); not between the two soil types confined to pots, 4 table of
neans for the Texas staotion are given belou,

Table 6, licans

Constituent Local poig Standard pots Field

Calcium 5459 5072 2,99
Hagnesiun 0e55 0.54 0443
Phogphorus 1,12 1,18 1,15
Iron - 564,68 50,61 LAT4

The wigdom of planting in local=soil pots as well as standard-soil'pots and the
fiel? is apparent from the faet that results from the local-soil pots are not
consistently above or below resulis in the field (Table 5)s The availability of
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" data from local-soil pots will permit better definition of variation in response
due to soil differences. ,

The effect of differences in weather can be seen in the results on standard-
soil pots at all stations. Lirge diffcrences vere indicated for vitanins 4, B,
and Bye The available data arc insufficient to permit regression onalysis of the
effcoet of weather on vitanin content from station to station, though tho results of
geveral within station regressions of this form arc prescnted in a later seeétion of
this roport, ‘

Ce ggg;gg; Effccts,

Within station data yield information on the effcct of diurnal veriation in
weather on nutritive contente. This was accomplished by teking ficld sanmples at
8 a4y, 12 noon ond 4 pente on a number of days throughout the growing season, and
analyzing then for vitanin content, '

At the Toxas station vitanin By content was significantly lover for sanplcs
token in the late oftcrnoon. The scne difference was shown by the Oklahona station
though it was not statistically significant,

Table 7. Heans for diurnal sarplings of vitanin By (dry basis) and dry natter,

Constituent Station : 8 a.lle 12 noon 4 Pelle
Vit., B
(mcg./%OO gn) Texas 4465 4182 3982
, Oklahona 2542 2546 2122
Dry natter (%) Toxas 16,64 19434 19,80
Cklchona 14,25 15446 16,58

Dry matter, on the other hand, showed significantly lower valucs ot 8 aln, at
both stations. Vitonins 4, By and C also shoved nmorked differcnces depending on
‘the tiuze of sanpling though they vere not statistieally significaont due to the
highly significant interactions of "Tinc of Sanplxng" with "Date of Sampling
vwhich vwicre evident in overy casc,

Table 8, Means for diurnal sanplings (dry bagis),

Congtituent Station 8 .l 12 noon 4 Pelis

Vite 4 Texas | 47,16 Lbe56 42.86

(ng. /100 gn) Oklahona 49448 42,62 38445

Vit. B . o

(mog/100 gn) Texas 2126 1990 1843
Oklahona 1442 1436 ' 1378

Vit, C | Texas 1106 1056 1084, .

(ng+/100 gu) Oklahora 1190 1243 1120
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. cgregsion Studie

4 nunber of nultiple regression analysos have been atteupted using the data
collected at Texas for study of diurnal variation, These analyses, though
neager in conparison to tho possibilitics when more data arc available, arc
encouraging, .4 rultiple regrossion onalysis of vitonin By content of turnip greens
on total radiation during the holf day of sunlight preecding sompling and air .
tonperature at the tine of sampling indieated a significaont inerecasc in vitanin
B) content as radiation decrcased, and a significant inercase in vitamin By
content as air tomperaturc increased, Thus, there was a negative regression
between rosponse and radiation, nnd a positive rogression betwcen responec and
air tomperature, In this case, 35 percent of the diurnal variation in vitanin
By content was arsoeiated with radiation and cir temperature, This 1s o very
sizecoblo roduction in variation considering the rather low nagnitude of the
total variation in the data., Therc ves o significant inercasc in vitanin B2
content as radiation deercosed, In contrast to the cffoet on vitanin By, the
regression on air tenperaturc ot the tine of senpling vas signifiesntly negative,
The regrossion of vitanmin By on thesc tio wonther factors alone was rosponsible
for a 20 percent reduction in total variation, The regression of vitarin ©
content on thesc varicbles shoued no significant relationships,

4 nunboer of nultiple rogrossion studics also werc nade on doily data fron
cach of two cooperating stotions using the total radistion roeicved the day
preceding sanpling and the naximn tenperaturc on the sanpling day as independent
variobles, Undoubtedly the rcsults obtained on vitanin By vere the iost

, outstonding, Thore vos a significant negative regrossion of vitanin By content

. on radiction, and o significant positive regrossion on moxirun tenperature ot
the Georgic station, These two weather. factors accounted for o 41 perocnt
reduction in variction, These results arc in elosc agrcenont with those obtoined
for vitanin By at thc Texas station in tho nultiplo rogression study of the data
on diurnal offocts. Also portinent is tho faet that the partial regression
coofficionts were in good agrecient in the two caseses The data from Goorgia
showed & significant positive regression (daily data) betweeon vitanin € content
of turnip grecens and total radiation recioved during the doy proceding scnpling,
though no well defined relotionship was shown between vitauin C content and the
naxinun tenperaturc, This was substantioted by the results for Texas, though
statistical significance wzs not indicated,

Thesc results are based on a very small anount of data rclative to thot which
will becone available fron the projeet in even onc rorc ycare They should there-
fore be congiderod only as suggestive of findings possible in the projcet,
However, thesc results (particularly the consistent findings for vitanin B1)
arc definitely eneouraging,

_ Fron now on data adopted to regrossion studics will accyrulate rapidiy,

- end the najor portion of the statistical ork will be concerncd with such studies.
The nore extensive dote to beeonc available will nake poesible nore elaboratc and
detailed annlyses than those roportsd above from whieh much better inforrmation
should be obtaincd than has boen poesible to date.



