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AGRICULTURAL EXPERIMENT STATION
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S1ZB and_SHAPE of PLOTS and DISTRIBUTION of PLOT
YIELD for FILLD EXPERIMENTS with P ANUT “:=~

4fllson2/

" Ixperiments are often done in ordcr to 1earn how to conduct a ‘future -
experiment, Unlfoma1ty trials are e\amplos ‘in point.: ‘Many such expexr\
ments are reported in the literature of agrlculture. A catalogue giving™
,the&}ocatlon of the data accompanvlng aucn txmala uab puDllbhed 1n 1937

)

T A, Bancroft~/ Coyt wilson./ and J P,

. The on]J‘avallable 1nformatlon to date concernmng the optlwum size

and shape of plots for peanut variety testlng was. publlahed by Beattie,

et al (2). Their work was mainly concerned with plent veriations, but- one
- conclusion was that a plot of 100 square feet, consisting of a single.
ElOO—foot row or five or six 20-foot rows, 3 feet apart was satlsfactory. :

The 'p'é%eﬁ* ‘én exper:mcnt conducted solely to

Qetermnpe the optimun size and %hdp@ of plet for: future peanul - experi-
mentation, In addition to furnishing data for the study of size and
shape of plots, uniformity data also furnishes a uample freouency dlotrlbu~
tion that may be tested for aeparture from nornallty. - S

No attempt was made to vary the number of Lreutmcntu or the shapes
of the replicates, since the. amount of data was of lﬁnlted extent, Only
the randomized block design was assumed, No attempt was made to aetermlne
the reletlve efficiency on Lhe baolo of costs as welW ag ]end uoe,

MATERIAL and NLTHODS

The dutd were ootalned from two p rtu of the same Ileld hcreafter
designated as Part I and Part II, The field is located at the ”1Iegrasu :
“Substation, Headland, Alabama, mach part conta:ned 18 rows, 3 feet w1ae,
~and 100 feet long, : : : e

The area was planted to corn the Drecedlnf year ﬂnu recelved AOO
pounds per acre of 4-10-7 fertilizer and a side Qlquln& of.’200 pounds per *
acre of soda, There was no cover crop aurlng,the 1nterven1ng winter.,

Both parts were planted to Runner peanuta and were iert1117ed at the rate

Director, Statlutlcal Laoorutory, Ale bama Polytcchnlc Inotlbute. .
Plant Pathologist, Alabame ﬁgrlcultural ixperinent Sta tion,
Superintendent, Wiregrass Subs taLlon, A]abama ugracultural uxperlment
Station,

The numbero in parentheses rﬁPer Lo ]1teraturc c1ted
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of 300 pounds per acrc of 0-12-20, The peanuts were vplented with a horse-
drawn planter., The first two cultivaltions were with a horse-drawn rotary

hoes alterwards the two parts were cultiveted with a mule-~drawn cultivator,

The area was considered to have received an average amount of rainfall during
the growing season., The peanuts were picked by hdna on September 12, 1946,
and green weights in pounds were recorded by plots., wSach plot consisted of
16—?/3 linear feet of row and was 3 feet in width, making a plot area of

50 square feet, Part I and Part II each contained 108 plots, This uniformity
trial differs from other uniformity trials reported in the literature in

that it was arranged as a. uuh71cate uniformity trial, i.e., any result obtained
from Part I may be -checked for the particular year under consideration apgain-
st the result from Part II and vice versa. The two parts were taken as
representative gumple of the cwnerlmentol area assisned to peanuts,

In order to study the distribution of welghts, frecuency tables were
made for both Part I and Part II; and the statistics gy and g,, measuring
skewness and kurtosis; were colcul vted for each (3). The standard de-
viations of gy and g, were also calculated . Uith these statistics, tests
of significance can be made to measure the departure from normallty of
the two 0¢str¢butlons of welgntqo

- One assumption in the use of the analysis of variance for analyzing
modern statistical designs, is that the populations be normally distributed,
The probabilitics associated with the variance ratio is only slightly dis-
turbed for moderate departures from normality.

To determin: whether the soil heterogeneity is equally variable in two
directions, the mean scusres between rows may be compared with tbe mean
squares between columns for both Part Ivand Part 1T, ‘

To study the question of the most efficient shape and size of plots,

a randomized block design was assumed; each block or replication was
assumed to contain 6 varieties or treatments (3). This particular design
and number of varietjes or treatments were chosen, since certain future
trials were to be 850 designed, As far as possible, compact blocks or
blocks approaching a square were used. Plots within a block extended the
whole length of the respective block., Uifferent shapes and sizes of plots
within replications were formed by combinations of the wnit plots. in
analysis of variance was obtained in each case. 5Since here were actually
no differences between varicties or treatmentk, the variety or treatment
aource of variation was not removed in the analyses of variances, Presented

below as an example, is the analysis of variance for the design in which
each plot contains only one unit plot for Part I, In such a case there
will be 18 replications,

ANALYSIS of VARTIANCE

source of variation Degrees of frééaﬁ}fr Sum of squares lleen scuare
Among, blocks , 17 b, 67267 274863
Within-blocks 00 ’ 11.693470 129927

Total ‘ w7 16,366141
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1 square in each case will be teken as a measure
ental error for ecach change made in the design, ~ From such a
table of variances, a corresponding table was calculated of coefficients
of variation or standard deviations, on a single plot basls, as percent~

The within=block

~ages of the means, The relative efficlencies for the different shapes

and sizes of plots were derived by dividing the sguare of the coefficient
of variaticn for the unit size plot in turn by the vroduct of the ratio
ol the area of the large size plot to tbp arca of the unit size plot and
the sguare of the coefficient of varistion for the larger size p10L (4),
In cases where all the yvields are used, these relative efficiencies may
also be obtained by dividing in twrn the variance for the unit size plot .
by the quotient of the other variances and the nunber of unit size plots
contained in the larger plot., It is easy to see thalt these two methods: are
identical, Consider the unit plot design as compared to the design with
plots twice the unit size. ILet n be the total number of plots in the -

unit plot design and Vl and V, be the within block veriances for the
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unit plot and the larger plot design, respectively. Let C1 and C, be
K

the respective coelilc«enp. of variation and $ be the overall sum,

i8]
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Thercfore, using method one ==
: s Lo = 2
Helative efficiency = n™V
g
= \]l /VQ
]l

But, the right ice reduces to method two,

EXPERIMENTAL RESULTS

The weights of peanuts from t 16-2/3-foot plot are given in
Table 4-A and B, The mean weighl per plot for Part I is 9 hé and for
Part IT is 2,049 '



-
For Part I, the mean squaie betﬁeen columns with 5 degrees of'fréee~i

dom is sl? ;137?8, whiie the mean square between rowé with 17 degrééé

of freedom is 529 1910a, indicating no onrniflcant 01fference between

soil hetefogeneity'ln the two directions. lor Part 1T, 85, 2 T 332 04 and'br

8D A,é?a, which indicates a similar conolu51on,

For Part I,g1 .0014 and the standard error of g? wa.s Sgl =2 3

hence t = ,0006 with an infinite number of'degrees of freedom, nerefore, L“'f,y

~the 5kewness is not blgnlflcantly dllferent from that of the normal curve.
 To test kurtosis, g? I .0052, Sg, = L A58, hence t = ,0036, wh10h'iﬂdi¢éhe§;7”
that there is no departure from normallty far as kurtosis is concerned '
For Part II, gl = .013] bgl Z 2,325 and t - ;006{ while go = .0159{,“‘

5g, Z l.h&%, and t = .0109, again indicatinn no departure from‘normaiity;""',
as far as kewvc s and kurL031s are concerned | |

The variances on an individual plot basis obtained from aﬁﬂWy)e of
variance tables are given in Table 1.

TADLE
(&) Variancesl/ for Part I

e Lengths in units of 16-2/3!
Width in rows - 1 2 3 6

1 1//997 ?71107 , L513597 S1.155147

5 5551532/ 1276132 2,194,160 |
3 L 618360 1.948653 2.975360

6 1.24125% |

() Variances for Part IT
Lengths in units of 16-2/3!

Width in vows 1 2 N
1 119631, 267140, 50575k 1,254,661
" . //V//-a(:// 2°O 1!4‘4__, L‘- 2(\7/)70.,/ .
3 109545 5L, 257508 4,524,035 '
B 1,274,701

- an

'_/ On o per-plot basls -
_/ Result based on 72 unit plots instead of all 106 due to size dﬂd )n%pe
- of plot.

Pl
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The stendard deviations, on a single plolt basis, as a percentage of

the mean, i.e., the coefficients of variation, are given in Table 2,

. TABIE 2 S
(A) Coefficients of Varlatlon—/ for Part I

Lengths in units of 16-2/3!

Width in rows _ - 1 2 T Y

1 14 .65% , 10,58 9.1 7,28
2 15,382/ 12,332/ 10,192/

3 12,25 945 7.66

6 i 0e55 .

(B) Coefficients of Variationt/ for Part II
Lengths in units of 16-2/3!

Width in‘rows ! 2 3 ' _ 6

F A 88% 12,61 11, 57 946
2 0.0/ 16, 94~/ 16,112/ -
3 17.01 14,68 13.85 .
6 9,19

_/_On»a per-plot basis | R
_/ Result based on 72 unit plpts instead of all 108 due to size and shape.
of .plot, .

It will be noted that as the silzes of the plots increase these co-
efficients of variation tend on the whole to decrease, which is a result
noticed on prev1ous uniformity trials w1th other crops (;) The relative
efficiencies are glven in Table 3,

. TABLE 3
(A) Relative Efficiencies for Part I

Lengths in units of 16-2/3!

Width in TOwWs 1 , 2. ' 3 6
‘""i:’“""""""1ooy ,,,,,,,,,, i mag s
2. 451/ 35, 3~/ 3.
3 47,6 40,0 40,7
6 70,5 . ‘

(B) Relative Efficiencies for Part II
' Lengths in units of 16»2/3'

Width in rows T 2 3 o 3
R 1OQ7 ,,,,, 806 o R
2 - 32¢9l/ _ o8t/ 176/ |
3 32,8 22,0 16,5
6 55,3 ' '

; ;/ Resu}t based on 72 unit pléts 1nstead of all 108 due to size and. shape -

of pJot
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S : TABLE L
(A) Weight of Green Peanuts in Pounds per Unit Plot

Row Neg B C D N .

) 9
N 2,24 52
& (i, 2ebb o3l
9 A8 2075 .82
10 2,25 2.9 65
11 2,12 2,52 .08
12 . 2,27 2.79 2,39
13 2.5 2,09 2R
4

16..2/3% by 1 row, Part I
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t «f Green Peanuts in Pounds per UnitiPlat‘

_16-2/3% by 1 row, Part II

. 16-7/3-Toot, Sections

_Row No,

c .

D

I

1 2.86 2,00 2,61
2 2,66 2,16 2,72 2,21
3 2.86 2,61 240 ?.5;;
b 3.15 225 _y.,é 1,77
5 »)ozzo}-f' 20’36 ’ lc!-lrg ’ 2027
6 1,66 2,10 - 1.82 224
7 2,04 2,38 1,93 2,60
) 2,20 2625 1.40 1.55
-9 2,08 1596 142 ‘laé5
10 . 1,92 - 1.67 58 1.56
11 eTs L85 1,38 1,86 - 140
12 2.1 2,10 1,26 0 1.93 1.7
- 13 2,31 1.88 1.42 1,61 1,71
14 135 1.59 1.64 1.80 '1.8h
- 15 2.21 1,85 1,63 1,71 1.76
16 1.89 2626 1.90 2,18 '9,99
17 2.68 2.35 L.46 1.86 ‘L.,80
18 1.9 2.08 1.5 1,96 2.08

»



(5) :JU“TﬁSUI, 5. He Influence of Size and

It is pointed out that in no case is the relative efficiency greater
than that of the unit size plot. However, for the plot of 1 row width and

2 units length in Part I, there is little loss of efficienty, i.e., the

relative efflcﬂoncv is about %6 per cent, Thir plot in Part II gives
about 90 per cent for the relative offlcxencyo‘

, From a study of the relstive efficiencies, it is noted that increasing
the size of the plot along the row is much more efficiént than across the
row. This would indicate that narrow rectangular shaped plots are more
efficient, However, increasing the Length of the plot more than two times
the unit length, with one row width, may reduce the efficiency by as much
as 25 per cent or more, &wven though the smaller size plot was the most

efficient in land use, other considerations may 1~~d one to sc]ecb a some=
~ what larger plot. Lower yield in a p}ot due to one or two missing plants

is less serious in the larger plot. - lissing plants have been observed to
occeur most frecuently at the end of a piot row, ice., adjacent to a buffer
space between blocks or replications. 'This ef fect was absent in the re-
ported uniformity trial, since no buffer spac was provided between blocks

or repwﬁcubionuu

“A uniformity trial for peanuts is reported i this sbudy. No differ-
ence was noted in soil heterogenéity in two directions. No departure from

normality was noted in the frequency distributions. Table of relative

efficicncies indicate that a plot in the shape of a long narrow rectangle,
along the row, is more efficient; plots of one row width and 16-2/3 feet
in fength are the most efficient, although plots of the same width but
somewnal, longer may be preferred because of such CQ,ULd@L&UlOﬂS as Un=-
even stands. If plots are increased in length to over 33-1/3 feet with
one row width or more, then there may be a material decrease in efficiency.
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