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ABSTRACT

Nelder’s design FAN (Systematic design) was compared with the Split Plot de-
sign (SPL) for spacing treatments. The field experiments were conducted using cotton
IAN 579-188 on the same field. The data on plant height, number of bolls per plant

and cotton yield per plant were collected and used to assess bias

in the estimate of

treatment means. The results revealed that (i) the comparison FAN vs SPL showed an
anderestimation of the treatments means in FAN when area per plant was 900
sq.cm. and above and (ii) the rectangularity had some impact on the variables stu-
died. Therefore, FAN design can not be used for spacing trial on a crop with mono-

podial growth habit like cotton IAN 579-188.

INTRODUCTION

Fan design has been developed by
Nelder (1962) for spacing experiments.
Design consisted of single row plots for
each spacing treatment arranged in
much compacted arca in a scquence
(Systematic pattern). The systematic
arrangement gives biased  estimates
(Tedin, 1931; Fisher, 1935; Barbacki
and Fisher, 1936; Greenberg, 1951;
Salmon, 1955 and Patel, 1978). Such
information, however, is not available
for fan design.

The spacing trials need large area
'*“d_"!' cach replication of conventional
d“}gn-‘- like randomized block design,
Split plot design ete. for testing a num-
,tr ."1 spacing treatments. Generally
*Pacing trials arc conducted in split
{’it)t.dt:sign Lo ease agronomical opera-
rtli::;v%n tl-'u.: present inw-.:-sljlgulitm‘ the
i u;?ullhl?j of I'an design .{I'AN)

Sessed in relation o Split plot
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design (SPL). For this purpose investiga-
tion on cotton IAN 579-188 was under-
taken during the vyears 1973-74 and
1974-75 at the College Agronomy Farm,
Gujarat Agricultural University,
Anand Campus, Anand.

Spacing treatments

Keeping in view the growth habit
of the cotton IAN 579-188, the diffe-
rent spacings were considered which
varied from 0.045 m®* to 0.270 m*
per plant in both the layouts. The para-
meters of FAN were worked out as
suggested by Nelder (1962). There were
10 spacing treatments in FAN (Table 1).

For SPL, a set of combinations ol
30 cm, 60 cm and 90 cm as inter row
spacings (Main plots) and 1[5 cm, 22.0
cm and 30 cm as intra row spacings
(sub plots) was chosen. The smallest
and largest spacings in the FAN match-
cd with the smallest and largest

.‘ipilt'“
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TABLE 1

Spacing details for FAN and SPL.

AN SPL

Coded Avea per Coded Area per

spacing,  plant sq.om.  spacing, plant, sq. e

S_,‘ S[JJ
Sy 450 Sp, 450
S, 550 Spy 675
Sg 670 Spy 900
Sy 820 Spy 900
S; 990 Spg 1350
Sg 1220 Spg 1800
Sy 1490 Spy 1350
Sg 1820 Spg 2025
S, 2220 Spy 2700
S0 2700 — =

ings of the SPL. The net plot size was
3.6 mx 3.6 m. in SPL.

The number of replications during
both the years were 12 and 6 for AN
and SPL respectively.

RESULTS AND DISCUSSION

The data on plant height as well
as number of bolls per plant of five
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randomly selected  plants and  cottoy
yield per plot were collected from hoyy,
the layouls to asscss relative utility of
AN in rclation to SPL. There wep
cight obscrvations (P.; through P,
on plant height during the first ycar an(

three  obscrvations  (Pa.i,  Pay  and
P,y ) during the sccond year of the
study. The corresponding observa-

tions in SPL were used in estimating
differences in plant height (FAN v
SPL).

Since the number of treatments
Table 1) were not the same in FAN
and SPL and also the area per plant
in some of the treatments in FAN and
SPL did not match with one another,
the difference in spacing treatment
means (bias) was judged using graphi-
cal method.

Plant height

data for various spacing treatments
in each period of observation for FAN
and SPL are presented in Tables 2
and 3 respectively and are depicted in
Figures 1 (1973-74) and 2 (1974-75).

TABLE 2
Spacingwise plant height, in cm, during each period of observation in FAN.
1973-74 (197475

S; Pig Py, Py Pog P Pig Pon Py Poy Pas Pus
S, 68.2 765 79.1 817 818 827 838 866 825 993 1049
S, 682 750 767 784 797 80.8 816 843 823 1005 1083
S, 654 749 775 794 816 852 854 864 787 918 973
55 671 766 781 800 623 823 836 866 816 950 {01.1
S, 654 755 79.7 818 83.6 847 859 897 752 886 96.2
S 647 761 783 810 832 838 845 87.0 725 847 922
S, 68.1  79.1 834 861 88.6 90.1 902 941 69.3 852 9LV
Sg 67.3 796 850 877 904 907 923 956 70 868 O
S, 656 812 847 878 913 915 919 972 685 85.2 92°
Sw G435 788 842 880 904 918 93.0 966 63.2 80.5 880
Average 66.5 773 807 832 853 864 872 904 747 893 96
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DURING Pl

1
~ The results presented in Tables 2
4nd 3 reveal that the spacing treatments
With arca 900 sq. cm and_above had
peater plant height in SPL than the
.3“8}1‘5 in FAN. The plant height (Table
‘botﬁ\’as le’ss in Sp, than that in Sps
cm) having the same area (900 sq.
larls per plam. but differing in 1't:ct:11}gu-
Likcy -.(l :|1 in Sp, and 4 : 1 in 5]’4)-
in e\gl-‘;e Sp; had ‘smaller plant height
hotht% ! period of observation during

1€ years compared with that in Sp,

THROUGH 'Pl .8°

both having same area per plant but
differing in rectangularity, 8:3 in Sp;
and 6:1 in Sp,. The results, therefore,
indicate that the rectangularity i.e.
inter and intra row spacing had some
impact on the plant height ol cotton
IAN 579-188. Euch information can
not be obtained for FAN as it has con-
stant and almost square rv.ct_uugu_la.r1ty.

The diflerence in plant 1ht'!1ghl in 11.11('?
corresponding spacing ol FAN and SPL
are indicative of bias in the estimates.
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TABLE 3 _ e
Spacingwise plant height, in cm, during each period of observation in SP - B
S s T T 19.3.74 1974-75
Sp; Py Ppy Pyg P, Py P Piq Py Py1 Pyy Py,
Sp, 76.6 81.2 827 839 849 852 86.2 88.1 717 88.6 8yp
Sp.q.l 674 738 774 78.1 78.8 80.1 80.8 81.1 732 919 942
Sp; 712 76.3 77.8 79.2 802 813 815 84.1 724 926 936
Spy 73.6 79.6 81.7 832 841 8438 87.9 90.8 82.6 100.5 100.9
Sp; 75.9 844 879 897 912 9L5 93.1 94.7 741 940 958
Spe 80.0 90.5 945 968 99.5 97.3 97.4 101.2 77.0 946 9438
Sp-, 88.5 98.3 101.8 103.4 1049 105.3 106.2 107.4 86.4 111.0 1115
Spg 85.0 100.3 106.3 108.4 1102 110.3 1I1.3 113.9 79.8 102.4 102.7
Spy 825 97.1 102.8 1052 107.4 107.4 108.5 110.5 724 972 983
Average 779 86.8 90.3 917 935 937 948 969 76.6 971.0 979
The smallest and largest spacings were  TABLE 4
common in SPL and FAN ie. Sp; Spacing-wise number of bolls per plant
matched with S; and Sp, matched with  in SPL and FAN.
S;e- Two more  spacings; Sp, with S; Sp; SPL s; FAN
and Spg with Sgnearly matched (about
o/ 1 - =
1% difference) in terms of area per 1973-74 197475 1973-74 197475
plant. The matching pairs Sp; and §;, i
Spy and S;, Spg and Sg and Spy and Spy 8.80 7.16 S; 6.73 4.82
S0 have been coded as Sy, 8, §°3 and S°, Spy 6.10 6.64 S, 6.07 4.32
respectively. The differences in plant Ps 8.66 7.40 S,  6.33 3.80
height (FAN vs SPL) in these spacings P4 9.67 804 S, 740 437
rangcd from _IU_QQ% to 1:78% il'.l Sp5 10.93 8.68 S5 7.38 4.63
$',—0.79% t0 4.31% in $°2,—15.88%to  Pe 1536 1124 S, 953 537
=5.35% in 5’y and—22.10%, to—12.56 9, S‘P7 1543 772 S, 12.75 5.80
in 8’4.dur1ng first year. The correspond- Spg 19.26 940 S; 13.07 7.18
ing difference observed during second Spy 22.46 1060 S, 15.40 8.48
year were 12.139, to 17.50%in §’;, 0.16 — — — §;y 1832 9.95
o/ 3 ’ . —_—
;c: 7’.51 o in %2, -9.029% t00.5—19, in  Average 12.74 854 . 983 5.67
i[ 3 tzlnfl—'(%?fff) Jo 10—9.90%, in §’,. The
re ' . .
nd in difference in plant height (FAN Number of bolls per plant {0

vs SPL) in §5, $°; and §’, was con-
fiist{:nt"in both the years. But S’l had
mconsistent trend in two years which
may he due to seasonal fluctuations,

| It is clear from the results that the
FAN d(i:‘iig]'l gives underestimation  of
plant height when arca per plant was
900 sq.cm and above. This is supl'mru:('l

by the results presented in

Fisures
and 2 also. Bures |

various spacings in FAN and SPL ar€
presented in Table 4 and are 9;1'11Pl‘i'
cally presented in Figure 3. k

The examination of the results (12b
4) reveals that in general, the number ol
bulls.pcr plant in FAN was less that
that in SPL, during both the years. Like
!’_11L111 height, l't'(.‘l}.lllgul;_ll‘i[y- plan-‘ed 4
\’l-llll role in the pt‘l'ft:rmuucv of the a%
ribute in the spacing trials. The co™
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parison of common spacing treatments
(FAN vs SPL) over seasons show:cd
that the §';, §’,, §'y and $’, had negative
differences in the number of bolls per
plant. It is also clear from Figure 3
that, cxcept for one spacing S, in FAN,
all other spacings in SPL had greater
number of bolls per plant than the
corresponding spacing in FAN. On the
basis of two season’s data it can be
concluded that the estimates of the

average number of bolls per plant in
FAN are biased.

Cotton yield per plant for various
spacing treatments in FAN and SPL
are presented in Table 5 and are depicted
in Figure 4,

TABLE 5

Spacingwise cotton yield, g per plant
in SPL and FAN.

Sp; SPL S; FAN
1973-74 1974.75 1973-74 1974-75
Sp, 11.52 7.87 8, 19.11 12.09
Sp, 18.45 10.37 Sy 16,77 10.58
Sp, 22.58 13.77 S;  18.25 9.78
Sp, 2463 15.04 S, 20.18 10.30
Sp; 37.49  20.04 S; 20.84 11.32
Spg 47.41  22.15 Sg  26.83 12.30
Sp, 43.31 23.80 S, 3434 12.98
Spg 59.13 2854 S,  40.63 16.28
Spy 69.06  32.23 Sy 45.06 18.28
Average 37.06 19.63 — 92954 13.68

The results presented in Table 5 reveal
that the average cotton yield per plant
in SPL was more than thatin FAN, The
cotton yield per plant increased with the
increase in arca per plant in SPL during
both the years of study. In case of FAN
the cotton yield per plant decreased
from 19.11 in S, to 16,77 in S, during
first year and from 12.09in S, to 9.78 in
S; during second year and’ thereafter it
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increased with the increase in SPacing
The spacings Sp; and Sp, (having Same
arca of 900 sq.cm) and Sp, ang Sp;
(having same area of 1350 sg.cm)
SPL showed deviation in cotton vield
per plant which may be attribuie
rectangularity.

tr,

The differences in cotton yield per plang
in the corresponding spacings of FAN
and SPL are indicative of biasin the eg;.
mates. These differences for $°;, §°, $,
and 8’y were compared and found that
the average cotton yield in S°, in FAN
was more than that for the corresponding
spacing in SPL in both the years. In case
of '§’, §’5 and $’, the average cottop
yield per plant in SPL was more than ip
FAN. Itis evident from the Figure 4 that
the cotton yield per plant was more in
SPL than that in FAN when the ares
per plant is 900 sq.cm and above. The
results thus lead to the conclusion that
the estimates of average cotton yield per
plant in FAN are biased,

The results presented in Tables 9
through 5 revealed that the FAN, in
general, gives underestimation of plant
height, number of bolls per plant and
cotton yield per plant. Tedin (1931)
Barbacki and Fisher (1936), Yates (1939),
Greenberg (1951) and Salmon (1935)

had also reported bias in systematic ar-
rangements.

The adjacent plots of FAN may have
a border (marginal) effect on each other
which is not possible to evaluate directly:
Hence the alternative layouts were simula-
ted and studied for obtaining cstimates of
border effect, if any. It was observed thal
there wasno border effect and the FAN can
be used for spacing experiments on crop
with monopodical type of growth hab!
such as cotton IAN 579-188 (Patel, 1973):

The bias observed in treatment mea®
in FAN was due to systematic arrangemen”

b



PATEL & PATEL :

of single row plot.S. Therefore, a method for
adjustment of I)lﬂ‘ﬁ need to be  developed
Particulal‘l}’ for FAN design, The vactan-
gularity plays vial role in crop geometry
and thercfore, it should be given duc
consideration in planning of the spacing

experiments.
REFERENCES

Barbacki, S.. and R. A. Fisher. 1936. A test
of the supposed precision of systematic
arrangements. Eugenics. 7 : 189-193.

Fisher, R. A. 1935. The design of experiments.
Oliver and Boyd. London.

Greenberg, B. G. 1951. Why randomize? Bio-
metrics 7 : 309-322.

Nelder, J. A. 1962. New Kinds of systematic
designs for spacing experiments. Bio-
metrics 18 : 283-307.

Tedin, O.

COMPARISON OF FAN DESIGN 37

Patel, N. M. 1978, Comparison of the Fan
design with the conventional designs for
spacing  experiments An empirical

study. Unpublished Ph.I). thesis, Gujarat

Agricultural University, Sardar Krushi-

nagar.

Salmon, S. C. 1955. Random versus systernatic
arrangements in non-latin square field
experiments. Agron. . 47 : 289-294.

1931. The influence of systematic
plot arrangement upon the estimate of
error in field experiments. J. Agric Sei.
21: 191-208.

Yates, F. 1939. The comparative advantages
of systematic and randomized arrange-
ments in the design of agricultural and
biological experiments. Biometrika 30 : 440-
466.



