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Scheme- I
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H 1. RRERESFAANNRRRIESERREMRE o
Fig. 1. Two schemes for rice uniformity trials, subdivided following a hierarchical

classifications. (sp : subplot, ssp : sub-subplot, sssp : sub-sub-subplot, ssssp :
sub-sub-sub-subplot)
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Fig. 1. Two schemes for rice uniformity trials, subdivided following a hierarchical
classifications. (sp : subplot, ssp : sub-subplot, sssp : sub-sub-subplot, ssssp :
sub-sub-sub-subplot) (Cont.)
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® 1. BEYERRSERMERAALIXIR2X 1BZRABAFREHALBRANER (b) RHEEEE (SEy)
Table 1. Soil heterogeneity index (b) and its standard error (SE.) for yield by using 1X1 and 2X1
basic unit in the rice uniformity trials

1X1 2X1
Trial Year-crop
b+SE, R? b+SE, R?

Japonica 1991—11 0.84+0.01 0.999 0.85+0.01 0.997
rice 1992—1 0.76£0.01 0.997 0.76+0.02 0.991
1992—1I 0.76£0.01 0.998 0.734+0.01 0.997
1993—1 0.92£0.01 0.999 0.921+0.01 0.999

Mean 0.82 0.82

CV (%) 9.34 10.63
Indica 1992—11 0.85+0.02 0.993 0.8210.02 0.985
rice 1993—1 0.60£0.01 0.996 0.57+0.01 0.999
1993—1I 0.77+0.01 0.999 0.774+0.01 0.997
1994—1 0.67£0.01 0.997 0.6310.01 0.995

Mean 0.72 0.70

CV (%) 15.22 16.78

Grand mean 0.77 0.76

CV (%) 13.23 15.01

RAURSEARRERSETRBRBRA/NIEE - HEE201T X408 (6.4m X5.6m) ZHE{ES
EHRHE » RBBBSFEUE 1 2WEAETRERE - fiABRERFRTT HRERE
# 2 o RPGHR/MIEARSETHRERENZBATHIIRR - HK 2 YIS HBRZHH
BERE75E » AIERARGAR (2) REFEABRXNMITGRS (Vo) o WRIFFI - £3Z Vi
AEEHE SmithZFHEN (AR (1) ) #6 - ARPRETFAR FEER/NMNIBL00FERRT
FIFTRRERRE » 10X105 5 X20 » % 3 PRAEA/NI1003 A8 75 5 E R RE R R RT3
& - TIARBEBRADERRER (CV) TRBARX (3) FEME » HFIRE3-H Vi & CV 2
BERE » REA/DE1008B B AE2008EF » HipD 2 B EBRRMD - RRBERRZERR
RNERZ F31003% o T » #R4R Bartlett BTIHABRKRE Vx ZHER - BREEBA/NH20#EE
200 ZMMBATHBRFEEER » FTRIFRRZBERABRA/MRD BIE208L L o fisk CV fHFE
HABAD (x) BUBMElifzRE - W0 2 Fir » RIRRARHE » RIBHRZBEARMEEE x=20
B2 0 B x KRP20BA% » HBGEEETHUEERRY » WARRBERARZRERER/NRD BIE20
BLLE - BAA4RFERSRRZABEA/NKSREHR1003# - R ATAEZ R BRERIRZE R
ZHERTHREREAD - ARRERAR - EEEREDRRE  [BT8D120# » RIFT SRR
BT T AERE - ERFEBRER » —REBRIEABRIRA1008 Z REA/NE » H28IE5 X
208K 4 %25 » BERBRETSRMIERTATE Z SRATER) » (HILTR I R 2 210X 1088 5 X 2023 /7L
/A (RARFZE201T X 403 23 AR HIE LIS R 4 X 252 FIHERAR » BUEFIHI10X 105K 5 X 20
W) - £R2.07%2.18 » HERE/) » HRHBMARRRTE » EREI00BZHAERNT » HRE
TERER » SRR T AR R R R RE L 5108
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Table 2. Analysis of variance of rice uniformity trials following a hierarchical classification
with six subdivisions

Plot size

Source DF Plot no. (plants) Plot shape MS
Scheme- I
Blocks 3 4 200 10x20 1.51
Plots/blocks 4 8 100 10X10 2.07
Subplots/plots 32 40 20 2%X10 6.73
Sub-subplots/subplots 40 80 10 2X5 13.06
Sub-sub-subplots/plots 80 160 5 1x5 21.05
Sub-sub-sub-subplots/plots 640 800 1 1x1 66.47
Scheme-11
Blocks 3 4 200 10x20 1.51
Plots/blocks 4 8 100 5X20 2.18
Subplots/plots 8 16 50 5%10 3.78
Sub-subplots/subplots 16 32 25 5X5 6.64
Sub-sub-subplots/plots 128 160 5 1X5 17.85
Sub-sub-sub-subplots/plots 640 800 1 1x1 66.47

* 3. AEERTRREANMIB T EE

Table 3. Estimated variance of various plot sizes in rice experiments

s v v o0
1 56.29 a* 26.25
5 1531 b 13.40
10 9.50 ¢ 10.41
20 5.85 d 8.11
25 483 d 7.28
50 2.90 d 5.63
100 1.86 d 441
200 151 d 4.06

? Variances with the same letter of a column are not significantly different at 5% level by Bartlett's
test of homogeneity of variances.
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Fig. 2. Changes of estimated coefficient of variation (CV) with different plot
sizes (x) in rice experiments.

iz - B — RCBD & > B EMFB/Z b i (=0.77) » BBAE« =5% WA KEHRE
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BSREBC SEESHNFYREME (%) BR4- —RME » EEREOEI » TREARMEREE o
FABT - HREBRIR (t=2) - ERBERNNSD » EETBIR IR » TRIEEERE ; —
HRBEES - MIEREE 4 XU EMRETYR2ETRREE - RTERRRERMZWET »
BRESER 4R ARFEAR - ERELHMOERET » ABABERRER 3 REH - EREKR
WRERE (d) EET  READREEREEHLAROMER » AINERE =58  EHEA/N
FIS0BEBAE1008 » HESREH 7 KD E 3 K » AIWHERHRAVREZR B R
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#* 4. A RCBD BEBRTRFAEAN - EERBRREHSEHATZREFYEEE (%) HEE:
Table 4. Estimates of true differences of treatment means (%) for various combinations of plot size,
treatments number and replicates number in a rice RCBD experiment®

Plot size Replicates Treatments no. (n)

(plants, x) no. (I') 2 5 10 20 30 40
20 2 36.04 9.51 8.05 7.56 7.42 7.35
3 11.21 6.68 6.19 6.00 © 5.95 5.93

4 7.53 5.52 5.26 5.15 5.13 5.11

5 6.02 4.83 4.68 4.59 4.57 4.57

6 5.16 4.35 4.24 4.17 4.17 4.17

7 4.59 4.00 3.90 3.86 3.86 3.86

8 4.17 3.71 3.64 3.62 3.62 3.62

25 2 29.69 7.84 6.63 6.23 6.11 6.05
3 9.23 5.50 5.10 4.94 4.90 4.88

4 6.20 4.55 4.33 4.25 4.23 4.21

5 4.96 3.98 3.85 3.78 3.7 3.77

6 4.25 3.59 3.49 3.44 3.4 3.44

7 3.78 3.29 3.21 3.18 3.18 3.18

8 3.44 3.06 3.00 2.98 2.98 2.98

50 2 17.58 4.64 3.93 3.69 3.62 3.59
3 5.47 3.26 3.02 2.93 2.90 2.89

4 3.67 2.69 2.57 2.51 2.50 2.49

5 2.94 2.36 2.28 2.24 2.23 2.23

6 2.52 2.12 2.07 2.04 2.04 2.04

7 2.24 1.95 1.90 1.89 1.89 1.89

8 2.04 1.81 1.78 1.76 1.76 1.76

100 2 10.55 2.78 2.36 2.21 2.17 2.15
3 3.28 1.95 1.81 1.75 1.74 1.73

4 2.20 1.62 1.54 1.51 1.50 1.50

5 1.76 141 1.37 1.34 1.34 1.34

6 1.51 1.27 1.24 1.22 1.22 1.22

7 1.34 1.17 1.14 1.13 1.13 1.13

8 1.22 1.09 1.07 1.06 1.06 1.06

* Estimates made using b=0.77 » «=0.05 and 2(1-P) =0.40.

= 6.
a nfg

LA RAFERRERA AT NBEERR XN R EERE - (RUSHERBME 2 LiER
RIRRREMFTHE R HRATRER » REOTTERREMARRT RN R - RIERFSEEZ LR
HEER (b) REWFERBENEL - T8 » MHEMEBEBRAKERABSERIE X/ R EEHREAME - A
AABIRA XA REF RV > BIBERERERENNRERKRY - ROV S8R » BENT

C(DEERABREEETYOERER » M Smith HEAEFHZHES HRREHEE (D) ; QWHES
DREEARHTAANNZER » SFREAERBRADMIKERTGR (V.) RBEREECV) ; G
iR Bartlett BTSSR NBER » YRS HARETARBERNZ Vi WEREEY - REFARK
BHEER - $Ri CV EHMEBEEAD (x) ZBUHRNBERKREY - RREHEERBRAD (FE
EREM AR FERENRRY) . WHIA Hatheway % » SHETRAREAR/D - REHKE
BERBESHENRBTYRZEME (d) » QREHRENERKEY -

B EARSTA BRI » SRFI S EEBRIRE BERE AN B RY - LEREMEE (b)
ZEEFHRGUERE - REENPERR - AIAMERRMES b M > EEEEA LRANRMELAS



FIRmIE AR TR B ERER DR EEREY 239

B/RE A » BUEREREE SN EBNRE 2 » BARERS - B BVENHEA/NR RS
PEARTHERTECPE  EREHYERBRHEANEVESEI00MEL LWEABEN » B
HEZREETREESERIE ST « AT RIBE#REAREN » KEHARZES00% » HHS6.4
mXx5.6m » SERIESE » BFifERZ b HEEMEGER - RAFBRE - G/ ENBESERBN
ERRAER6.4m X 5.6m » (EREATER RAEFZOOERS AR REKBRBRVRE - £ HEMSE
b B3 RBR R B E BB TERI40m X 40m 2 AP BRI RIEA - Tils 1 2k REa

HENE ~ AERER  TREERNERESZ b EYBRESE » TERS0.77 » B5ER 1> R
HEAMAFAFRARHE DB R » W RAHEE SRR IER o B » FIEE SRS
FIIREARA/NREERE » BEERAFRERASIAMARBRRR o MRYERBRLAREST
» BRFFES - ARRERERBEXHEETIERE » EHRARBZ R » FAHERNES
BBV NRBEERER » FHE/NEZE KBRS RN N A HEN LS RERE | (SRR
HEATAD » TRDIR100EE AL - MBFEERBEBEIBAD - BRI EA S Ak %
WMARZE » IR0 SN » S ERBRNER I AS10fE » ERESHREZ L ERE
BuplY » MEERFAERRUSI08REN » BRETS > FIEBZRERANETHERS o

FHAEERRERTE - Vi & CV o UENSERAER/NTRHNEZRYE -V, & b 2%
FRETATEEER > FIA Bartlett B/9BENHER » UZSHRBRETAREANZ Vi BE
BEER > TREZSHEAHA R GRER) TR HIESy 5 SRR EE » £5
ZERAERAREREYE » AARERLIESE » RREDEOE B AT SRR S IR
G1E » TR TREAERSREREE » SAHAZES HRETHER - CV ]/ V. ZBEOAR 3) Fis
B Vi ZRAERUERBEANZ KRBT HE (5. - EHELER V, £ T—ESE » FE
E&R CV EEEREA/N Bl » RSB AHERRNBEREA/NEE » FEH FER
Vi RBIBIEABRREZ S » NS ESBEMFRIEY CV EESABZKR - 7G> —8
CV HhfRrIR e BT RRIARERS - AIFIA Ve ZBEMRBRRME—IY S « IR EE AR A
s HBAMNA  AbRESEREANZKRTHME (7. RERREL - fE Vi B x Ziigsy
REERBAEKR/ » BEBHE Ve BEZ KD » BRRER o
BREBBRNREEREY - LABERARS R A LRI R - FRERS -5

ZRBERFE » FlZ SR RER - Gomez and Alicbusan®B Gomez®F|H 18m X 36m~
18m X 64m TFEBASHERBEYERNER » LT IRRT MIESRER IR D/ 2 RAR ST » 184
FiftfeZ b EFRIE > K9760.24~0.322 1 » EREEERANKEREMEN » EHR LS RRE
T B 2~36m? (F1lmX1m H25%) ZHEFRAREANY CV i » SEREE IRRI 1
ERATFRABRR/IMER 8~25m (200~625%) » MB/INREMER 5Sm (1258) - HEaASRERA s
WA—B > GRS LRREAE LR HEREBEAWRE - BA4—RTS > IENRRe aE
BRARNRESA > MEEABIEEEREA » EWRAERN » IREEE L AEEEISHE
A ° Gomez®MFIM IRRI ZHERABUIE HAFRROBEEERE > R RIS IHE 2 =5%
R kY H R T 2 SRR BB s RS AS [ P=0.925218KF > & CV=10%HK¥ » RCBD &
HEBERER 4R » WEFRBRAESER 5 - EERERITAREA/DREES 5 K
B o

oW

FHRERITHRERA GRRMEY (GHEEY - SLBE—122—8—08—14 828K —12.2—
HB—09—2RK B3R —12.2— 1B —06—2) » LB o



240 TEREAR FE M4 B E I M 1995

51X

1. BH%t ~ B35 2 1994 - HEX/DMEBRBYERR T RMRRERTEZEE o hERBHR 43:165—172¢

2. BT ~ BN 0 1995 BB T MRRERRZ MG o FEASEW 160 : 1071210

3. SR © 1976 - BERTLIEME - 2—5H - I EMAR -

4. Crew, W. C., G. L. Jones, and D. D. Mason. 1963. Field plot technique studies with flue-cured tobacco.
I. Optimum plot size and shape. Agron. J. 55 : 197—199.

5. Gomez, K. A. 1972. Techniques for Field Experiments with Rice. IRRI. pp.2—6.

6. Gomez, K. A. and R. C. Alicbusan. 1969. Estimation of optimum plot size from rice uniformity data.
Philippine Agr. 25 : 586—601.

7. Gomez, K. A. and A. A. Gomez. 1984. Statistical Procedures for Agricultural Research. 2nd. John Wiley
& Sons, New York. pp.478—504.

8. Gupton, C. L. 1972. Estimates of optimum plot size and shape from uniformity data in barley tobacco.

(Nicotiana tabacum L.) . Agron. J. 64 : 678—682.

9. Hatheway, W. H. 1961. Convenient plot size. Agron. J. 53 : 279—280.

10. Pearce, S. C. 1976. An examination of Fairfield Smith’s law of environmental variation. J. Agric. Sci.
Camb. 87 : 21—24.

11. Rampton, H. H. and R. G. Petersen. 1962. Relative efficient of plot size and numbers of replications as
indicated by yields or orchard grass seed in a uniformity test. Agron. J. 54 : 247—249.

12. MacDonald, D., W. L. Fielding, and D. F. Ruston. 1939. Experimental methods with cotton. I. The
design of plots for variety trials. J. Agric. Sci. Camb. 29 : 35—47.

13. Smith, H. F. 1938. An empirical law describing heteogeneity in the yields of agricultural crops. J. Agric.
Sci. Camb. 28 : 1—23.

14. Thomas, H. L. and H. A. Abou-El Fittouh. 1968. Optimum plot size and number of replications for
estimating forage yield and moisture percentage. Agron. J. 60 : 549—550.

15. Vallejo, R. L. and H. A. Mendoza. 1992. Plot technique studies on sweetpotato yield trials. J. Amer. Soc.
Hort. Sci. 117 : 508—511.

16. Zuber, M. S. 1942. Relative efficiency of incomplete block designs using corn uniformity trial data. J.
Amer. Soc. Agron. 34 : 30—47.



Al E AR R ERE A/ D R SRS 241

Estimation of Optimum Plot Size and Replicates Number
Using Data from Rice Uniformity Trials'

Chun-Tang Lu, Hsiu-Ying Lu and Tung-Hai T seng?

Summary

Efficient testing of treatment differences in field experiments depends on experimental
precision. Agronomists constantly have to face the decision of the optimum choice of plot
size and replicates number to achieve the best efficiency for their experiments. Too samll
plots and replicates may give unreliable results ; unnecessarily large plots and replicates
waste time and resources. The objective of this research was to determine optimum plot size
and replicates number by using data from rice uniformity trials in Taiwan Agricultural
Research Institute. The trials were subdivided following a criterion of hierarchical classifica-
tion, simulating various plot sizes. Variances for different plot sizes were estimated. Using
the methods of comparison of variances and maximum curvature, the optimum plot size was
estimated within a range of 20 to 100 plants that depended on the limit of experimental areas
and available resources. Using the Hatheway’s method, the true differences of treatments for
various combinations of plot size, treatments number and replicates number were used to
estimate the optimum replicates number in a randomized complete block design. The
optimum replicates number with a adequate plot size was four.

Key words : Rice, Uniformity trial, Plot size, Replicates number, Soil heterogeneity
index.
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