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ABSTRACT

The main sdjective of present imvestipation was to deiermine the optimum plot size
and number of repiications, as well as dhe efficiency of split plat design vs. randomized
compicte blocks design im malze experiments nmder drowught sivess and non-stress
condifions. Twe ficld expevisnents weve comdwctod ot Agvic. Exp. Sta. of Caire Univ,,
Giza in 2002 and 2003 scavens. In both cxpeviments, the spiit piot design was used where
mein plots were deveied to irvigation regines (siress and noun-wiress) and split plots to
maite penoiypes (two in expeviments Iamd sine in experimentsl. Resulis of experiment
Ishowed that the optimuum pist site was 10.5 sud 124" for Gita-2 and 10.5 and 14,7 md
for SC-18 under comtrol and water streys, respecively. Optinuon number of replications
ranged from 4 40 5 nnder non-stress and 7 o 3 under swress. Resnits of experiment IT
indicated thet drought stress camxed & sigwificont reduction of 41.9% in grain yield,
whick was accompenicd with reduciony in all yicki compowcnts and increnses in days to
50% silking and mwthesis-silking infervel Sigwificant differences were found among
studied genotypes in drougit tolervnce. The best crosses im graim yield under both stress
and non-stress conditions were SC-10 and YWC-324. Resulis of experiment I and 1T
showed that relative precision of spiit plsd design was Nigher than that of R.C.B.D.
Relative precision was higher for sub plots than for mein plots and under non - stress
thar stress conditions.

Key Words: Zen muys, Drought televance, Piet size, Replications, Design precision, Split
plot, RC.B.D.

INTRODUCTION

Field experiments conducted on maize (Zea mays 1..) under different
water regimes indicated that yield decrease resulting from soil moisture
deficit depends upon numerous factors such as the growth stage at which the
moisture deficit develops, the severity and duration of water deficiency, and
the susceptibility of the examined genotype. Soil moisture deficit, during
flowering stage of maize, severely affects the development of reproductive
structures and may ultimasely decreascs grain yield (Denmecad and Shaw
1960 and Lorens ef o 1987). Variability was detected among maize
genotypes in grain yield and yield components under optimal and drought
treatments. Grain yicld of single crosses was not severely reduced even by
the extreme drought stress compared with three way crosses ,and it was



concluded that these single crosses are less affected to some extent by water
stress (EL-Sheikh 1999).

One of the greatest sources of expenmental error in field experiments
is that due to soil moisture variability. The different irrigation stress regimes
may have different effects on soil heterogeneity with respect to soil moisture
content. So, for these reasons, it is very important to study optimum plot
size and number of replications suitable for different field soil moisture
conditions. EL- Rassas (1982) ‘reported that the optimum number of
repl.cations for cum tnals is 6 — 8 replicates, with the optimum plot size
ranging from 14 to 26 m’. Ashmawy (2004) reported that long and narrow
plot was more efficient as it decreases variance per basic unit and increases
the efficiency of experimental designs.

It is very important that the experimenter chooses the approprtate
design to control the experimental e.rcr and have the best estimate in order
to assure the most reliable results and, consequently to increase the
efficiency of experiment (Leilh 1985). Considerable interest has been
focused on the use of split plot design and such information should help
agronomists and plant breeders in planning more efficient experiments to
attzin desirable high precision. Split plot design was more efficient than
randomized complete block design (R.C.B.D.) in evaluating maize yield
(El-Bakry 1980, Abd El-Halim er af 1989 and Mohammed and Ashmawy
1996).

The objectives of the present investigation were to : 1-determine the
optimum plot size and number of replications in maize experiments
conducted under drought stress and non-stress conditions. 2- study the
differential response of maize genotypes to water deficits ; and, 3- test the
efficiency of split plot design relative to randomized complete block design.

MATERIALS AND METHODS

The present investigation was carried out in two experiments at the
Agric. Exp Stat. of Fac. Agrrc Cairo University. The date of sowing was
May 29" and June 8™ in 2002 and 2003 seasons, respectivelv.The
experimental plot consisted of rows of 6 m long and 70 cm wide. Kernels
were planted in hills spaced 30 cm on one side of the ridge. The hills were
thinned to one plant per hill before the 1* irrigation. Nitrogen fertilization at
a rate of 90 kg N/faddan in the form of Urea (46.5% N) was side dressed to
plants into two equal doses and directly before the second and the third
irrigations. Other agricultural practices (e.g. pesticides) were conducted as
commonly adopted in farmer's fields in the district.

The two experiments consisted of two irrigation regimes:1-
conventional irrigation treatment, in which the first irrigation was applied 21
days after sowing, then the other six irrigations were applied at a 15 day
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interval and 2-irrigation stress treatment, by skipping the fourth, fifth and
sixth irrigations.
Experiment |

A split plot design with main plots arranged in 2 R.C.B.D and four
replications was used. The two imrigation regimes, i.e. full {conventional) and stress
irrigation were devoted to the main plots. The two cultivars, i.e, the synthetic
cultivar Giza-2 and the single cross SC-10 were assigned for subplots. Each
subplot consisted of 34 rows.

Four uniformity trials were therefore considered: Triall: evaluating
Gz-2 under conventional irrigation,
Trial2: evaluating Gz-2 under stress irrigation,
Trial3: evaluating SC-10 under-conventional irrigation and
Trial«: evaluvating 5C-10 under stress irrigation. In 2003 season, the same
four uniformity trials were carried out.

Experiment I

Experiment 11 included nine maize genotypes. They were the single
crosses SC-10, SC-122, SC-123 and SC-129, the three ways crosses TWC-
310, TWC-320, TWC-321 and TWC-324 and the synthetic cultivar Gz-2.
This experiment was also sown in a split plot design with the main plots in
R.C.B.D. and four replications were used. Water supply treatments occupied
the main plots; meanwhile the nine genotypes occupied the subpiots.

The characters recorded on all plants for the two experiments were:
1- number of days to 50% silking, 2- anthesis-si)king interval (ASI) in days,
3- plant height in cm, 4- number of ears per plant, 3-number of rows per ear,
6- number of kernels per row, 7- weight of 100 kemels in g and 8- grain
yield per plant in g (adjusted to 15.5% grain moisture).

Data of each trial in experiment 1 were analyzed separately to study
the effect of plot size (in terms of the number of adjacent basic units
grouped to form a iarger plot) on the variance per basic unit and number of
replications. Each row of 6m long and 70cm wide was considered as a basic
unit ( 4.2 m°). The different combinations of plot sizes were determined as
well as the number of basic units. Data were analyzed on electronic facilities
of the Central Laboratory for Designs and Statistical Analysis using a
programme modified by Galal and Abou- El-Fittouh (1971), to determine
the optimum plot size in field maize yield trials using the estimates:
variance per basic unit (vy), average yield (Y) and coefficient of variability
(C.V.) for each of the various selected combinations of plot size. There were
6 combinations ranging in size from 1 1o 34 basic units. Two principle
methods were used to estimate the optimum plot size: 1- the maximum
curvaiure 1acthod of Federer (1955) and 2- comparable varianice meihod

suggested by Keller (1949).
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The equation proposed by Hayes er al (1955) was used to detenmsime
the theoretical number of replications necessay o biimg dowa the
coefficient of variation to 5% of the mean. Analysis of variaace was wied i
this study to estimate standard emrors for five difierent plot sizrs and 2 wide
range of replications from 2 to 10 to reach this statws. A combimed asallysis
of variance was computed across two scasons (2002 and 2003) aller icsiing
the homogeneity of variance according to Coclwan amd Cox (1957). ARl
above mentioned statistical analyses were adopted afier Seedocor amd
Cochran (1980).

Data of experiment I and experiment Il were anslyzed o cstimate
the precision of split plot design relative to randomired complese biocks
design (R.C.B.D.). The precision of an experiment is affecicd by the mmmber
of degrees of freedom available for estimating experinacatal cxror Precision
estimates of split plot design relative to R.C.B.D was proceeded acconlimg
to Cochran and Cox (1957). In both experiment I and cxperancat ¥, the
regular anatysis of variance of split plot design was preceded acconfimg 10
"Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

1: Plot size and namber of replications

This experiment included two genotypes (Gz-2 and SC-10) and tw
irrigation treatments. The results will be presented and discxssed wader twer
groups; the first includes Gz-2 and the second SC-10

1- Optimum plot size
Giza- 2 trials

Data presented in Table (1) showed that gram yickd/plot fow Goza-2
was reduced from 1.41 and 1.60 kg under control to 1.29 and .11 kg wader
water stress when plot size was one basic unit and from 6896 and 5425 ke

under control to 43.93 and 37.65 kg under drought when plot six was 34
basic units in 2002 and 2003, respectively.

The results in Table (1) showed that cocflicient of variability (C_V.
%) values decreased as the plot size increased from the smaliest W the
largest plot size. The data of Gz-2 revealed that the observed C.V. csfimalies
decreased under control from 16.64% to 2.57% in 2002 and from 20.37%
10.97% in 2003 season. Meanwhile under stress, i decreased from 27.07%%6
to 9.31% and from 35.83% to 19.01% in 2003 scasom. The smme tvend was
shown by the estimated C.V. values for Giza-2 wmder both imigation
treatments. Resuits in Table (2) show that varispce per Gasic wait asca (V.)
for Giza-2 generally decreased with the increase in plot size cither wader
control or stress conditions. V, estimate under control in 2002 aad 2003
seasons decreased from 0.091 to 0.002 and from 0.107 10 0.031, froma the
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Table 1. Mean yield in Kg per plot (Y ) and coefficient of varisbility (C.V.)

(observed; Ob. and estimated; Est. values) for Gz-2 and SC-10. -
Piot e 2003
size
in - C.V. Cv. = C.V. C.V.
basic Y (Ob)  (Est) Y (Ob)  (Est.)
units .
Gz-2 under Control
L41 16.64 17.03 1.60 20.37 17.36
345 1279 12719 2.53 15.72 16.18
180 847 9.62 5.17 11.89 15.07
17 27.39 .77 529 2197 16.86 13.00
3 8.9 157 398 43.93 10.97 12.11
SC.10 aader Control
1 205 1.8t 1147 1.38 9.56 10.06
4 328 816 289 691 6.86
819 628 595 578 4.99 468
17 34.79 306 300 24.57 212 2.11
M 69.59 208 217 9.15 1.39 1.44
Gz-2 under Stress
1 129 27.07 24.90 111 35.83 34.62
258 2093 21.28 221 30.13 30.25
4 5.17 15.41 18.18 4.43 26.08 26.43
17 21.97 18.05 13.08 18.82 18.65 19.95
34 43.93 9.31 1118 37.65 19.01 17.43
SC-10 uader Stress
1 145 2579 2525 122 3172 36.21
289 22,19 22.59 245 23.39 23.54
4 5.78 16.34 2023 4.90 15.86 15.31
17 24.57 2155 16.05 20.82 12.54 6.23
M 49.15 12.51 14.37 41.46 229 4.05

smallest plot size (one basic unit) to the largest one (34 basic units),
respectively.

Under stress in 2002 and 2003 seasons, V, decreased from 0.122 to
0.015 and from 0.157 to 0.044 when plot size increased from one to 34 basic
units, respectively. On the other hand, increasing plot size increased
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variance among. plots. It reached its maximum by increasing plot s fom
one basic unit to 34 basic units for control in 2003 and stress in 2002 and
2003 seasons, and to 17 basic units for control at 2002 scasom.

According to the maximum curvature method, the cocfliciest of
variability was used as an indicator to the optimum plot size and it &
graphed on the Y axis in relation to various plot sizes on the X xxis (Fgs
1,2,3, and 4). The optimum plot size was considered to be the point on the
curve, where the rate of change for Y estimatc per incremcst of X s
greatest, so-.called “The region of Maximom Cwrvatare™ For Ga-2
experiments the point of maximum curvature was 15.117m’ aad 5486 m”
for 2002 and 2003 under control treatment, respectively. Therefiwe e
optimum plot size under contro! was 10.3 m’ as the average of rwo sewsons
(the optimum plot size for control was 4 and 2 basic onits, respectively and
therefore the optimum plot size was 3 basic units.

Table 2. Variance per basic unit V, and variapce ameng plats Vi o dilierent
plot sizes of Gz-2 and SC-10 ander conivel amd sivess m
treatments in 2002 and 2003 seasoms.

Plot size and shape Total Variance per basic Unit Vx Vaimate: sunseg gliels Vi)
’ Ne.
Size Rows strips  plots Gr-2 SC-1e Ga-2 s

2002 003 2002 2003 o8 E_ ] 4 P4

Control

1 1 1 136 0091 0107 0051 A4S 481 4NT eSS Ak
2 1 2 63 0043 0045 0027 ABIE &It 4P 4N s
2 2 1 68 0065 0086 0431 8SI7 A2 430 &IM L -

[ ] 2 2 34 0024 0036 0017 &M A3 432 &N aim
17 17 1 ] 0031 0073 0004 a8z 9297 2102 LSS e
34 17 2 4 0002 0031 0082 ASM 25i¢ I N 18 [ -

Stress

1 1 1 . 36 0122 0.157 9.!73 alst 4l eisM aarE IS
2 1 2 68 0052 0,106 m' 4551 A4S AW am Oz
2 2 1 &8 0098 0117 0l147 47 A2 4D AR A48
4 2 2 34 7 0039 0053 0056 A &3¢ LBS L - B )
17 17 i ] 0054 0040 08097 A4 573 105478 IEAEN S5G
4 17 2 4 0,015 vo044 0033 B K74 S NS awi
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Fig 1. Relationship between Fig. 2. Relationship between
plot sizc and coefficient of plot size and cocfficient of

vaniability for Giza-2 under variability for Giza-2 under
control in 2002 season. control in 2003 season.

Fig. 3. Relationship between Fig. 4. Relationship between
plot size and coefficient of plot size and coefficient of
variability for Giza-2 under variability for Giza-2 under
stress in 2002 season, siress in 2003 season.

Meanwhile 0pt|mum plot snze for 2002 and 2003 under stress
treatment was 14.494 m” and 17.131 m>, respectively (the optimum plot size
was 15.8 m” for the average of two seasons). Therefore the optimum plot
size under stress irrigation was -4 basic units for two seasons.

The variance among plots V(x) was computed for each expenment
for each type of plot combination then divided by the number of basic units
per plot (x) so that the variance would be comparable with that of the
individual basic unit plot. Comparable variance (v) of each plot size was
compared with that of basic unit as percent relative information (R.1). The
variance of basic units was assumed to contribute 100% relative information
(R.L) (Table 3).
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As plot size increased, relative information decreased, while
comparable variance of yield increased. For example, the values of
comparable variance increased from 0.107 to 1.05 for control trextment
2003 season and from 0.157 to 1.511 for drought stress as plot size
increased from one to 34 basic units, respectively.

Since the comparable variance and relative information permit
similar interpretation of the analysis of the data, only the btter will be
considered. The data in Table (3) indicate mean decrease in relative
information percentage on an individual unit difference, it is less noticeable
as plot size increases more than 2 basic units for control and stress
treatments for 2002 and 2003 seasons, the data further sugpested that the
relative information changed with a relatively small amount after this powt.
Abnormal values of relative information may be due to the heterogeneity of
soil, i.e., the large value of estimated soil heterogeneity index (b).Therefore
the recommended plot size by using maximum curvature method together
with comparable variance method for Giza-2 cultivar ranged from 2 10 3
basic units (8.4 t012.6 m? with an average of 10.5 m?) for recommended
irrigation treatment and from 2 to 4 basic units (8.4 to 16.8 m” with an
average of 12.6 m®) for stressed irrigation treatment.

Table 3. Comparsble variance (v) and relative information percentupes
(R.L) of various plot sizes in basic units for Gz-2 and SC-10 im
2002 amnd 2003 seasons under control and stress irripation

treatments,
Phot size Gz-2 SC-10
im basic 2002 2003 2002 w3
uaity v ®I \Y RL(%) v R v RL%)
(%) L(%)
Cantrel
! el 1m0 087 1088 0051 000 a832 A
21x2) 4886 1658  008% 1202 8953 "y aBs N
22ty RIIP 705 0000 622 0.08 51y a3 s
4 s s a7 733 2.066 773 ams i
1” 0354 171 1248 (73 0067 © I am7 ImS
34 M InY Loso .2 62 223 oM 133
Stvems
1 SI2Z A0 QIS7T 16 &I732 1688 AISI MRS
2Ix2) I 1173 e212 744 oM 192 a2 D7
Mxl)  OI%6 - 622 8234 612 “ws 2 a4 wmsn
4 LI RT3 e wun 76 AISlT e
1”7 s 132 5P 14 177 (T TS Y T - 73
3 ez 248 1511 e L 156 a7 5
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Single Cross SC- 10 trials

Data presented in Table (1) indicated that for SC-10 grain yield was
decreased due to water stress from 2.05 and 1.88 kg/plot under control to
1.45 and 1.22 kg/plot under waler stress when plot size was one basic unit
and from 69.59 and 64.03 kg/plot under control to 49.15 and 41.64 kg/plot
under water stress when plot size was 34 basic units in 2002 and 2003
seasons, respectively. Values of observed C.V. of SC-10 decreased from
11.01% 1o 2.08% and from 9.56% to 1.39% in 2003 under contro} treatment
(Tablel). Mcanwhile, the abserved C.V. for SC-10 under. siress treatment
decreased from 28.79% to 12.51% and from 31.72% to 2.29% in 2002 and
2003 seasons, respectively.

Table (2), showed that variance per basic unit area ( v« ) for SC-10
under control in 2002 and 2003 seasons decreased from 0.0508 to 0.0018
and from 0.0324 to 0.0007 when unit increased from one basic unit to 34
basic units plot size, respectively. Under stress in 2002 and 2003 seasons Vy
decreased from 0.1732 to 0.0327 and from 0.1509 to 0.0008, from one to 34
basic units plot size, respectively. On the other hand, variance among plots
(Vixy) reached its maximum by increasing plot size from one basic unit to 34
basic units under control in 2002 and 2003 seasons and under stress in 2002
season and to 17 basic units under stress in 2003 season. _

The equations defined for 2002 and 2003 for SC-10 under control and
stress are illustrated in F:gs (5 through 82 For SC-10 the point of maximum
curvature was 12.195 m® and 11.902 m* for 2002 and 2003 seasons under
control mmtment, respectively (the optimum plot size for control treatment
was 12.05 m? as an average of two seasons), the optimum plot size was 3
basic units for the control treatments of 2002 and 2003 seasons.

Under water stress expcnments, the point of maximum curvature for

SC-10 was 11.313m” and 27.312m? for 2002 and 2003 seasons, respectwely
Therefore, the optimum plot size as an average of two seasons was 19.3] m?
and thus the optimum plot size was 3 and 7 basic units (average of the two
seasons is 5 basic units) for stress treatment, respectively. - ‘
' Comparable variance (V) for SC-10 of each plot size was compared
with the basic unit. In 2002 season for SC-10, it was observed that as plot
size increased, relative information (R.1) decreased while comparable
variance of yield increased (Table 3). For example, data showed that the
values of comparable variance increased from 0.1732 to 1.649 under stress
treatment in 2002 season as plot size increased from one to 17 basic units.
This trend is less noticeable as piot size increases more than 2 basic units for
control and stress irrigation treatments in 2002 and 2003 seasons.
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According to the two methods (maximum curvature and compesable
variance) the recommended optimum plot size for SC-I0 is therefore
ranging from 2 to 3 basic units (8.4 to 12.6 m’ with an avesage of 1
for control irrigation treatment, and from 2 to 5 basic umits (8.4 o 21
with an average of 14.7m?) for stressed irrigation.

2- Optimum anmber of replications

The theoretical number of replications for various plot sizes s prescated
in Table (4). it was clearly noticed that the theoretical wambex of replications
decreased as the plot size increased. These results were found for Ge-2 and SC-10
in the two seasons for control irrigation tcatment. Mcawwhile wnder stress
irrigation treatment for Gz-2 and $C-10 due to the fluctustion fiom ome plot siar o
the other, the large number of replications helps to withstamd the docrease w yicld
due 0 stress conditions. The relationship between number of replications, plot sine
and standard crror arc illusirated in Figs. (9 thwough 12) for Giza2 and Figs (13
through 16) for SC-10.
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Table 4. Theoretical number of replications for different plot sizes of
Gz-2 and SC-10 under the two irrigation treatments (control

and stress) in 2002 and 2083 scasoas.

Nussber of replications
Plist Contrel Strem
siae Gz-2 SC-18 Gz-2 SC-18
2002 2000 082 2009 2002 2803 2002 2003

[ 1t 17 5 4 -] 51 3 40
X1x2) s 1 3 2 12 k] 13 16
20231) 3 13 3 2 D b 28 29
4 3 6 2 1 L] n 11 (1]
17 4 11 1 1 B3 13 19 [
34 1 5 1 1 3 14 & 1
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Resuits showed that standard error decreased as the number of
replications and piot size increased, but the rate of decrease was more
obvious due to increase in number of replications than that due to
increasing plot size. This was clear for G.2 and S.C.10 under control
irrigation treatment in both seasons. The relationship between standard error
and number of replications for different plot sizes showed that the rate of
decrease in standard error reached its maximum when using 4 and 7
replicates for Gz-2 under control and stress treatments, respectively.
Meanwhile, for SC-10 it reached its maximum when using 5 and 8
replicates for the two irrigation treatments, respectively, EL- Rassas 1982,
found that in corn trials, the optimum number of replicates was (6 — 8)
replicates.

II: Performance of nine genotypes under drought

Combined analysis of variance across two seasons of the thmeen
studied traits is presented in Table (5). Mean squares due to irrigation
regimes were significant or highly significant for all studied characters,
except for 50% silking and A.S.I. Genotypes differ significantly for all
studied traits except for 100 kernel weight and number of rows/ear. Mean
squares due to imigation x genotypes interaction were significant or highly
significant for all studied traits except for A.S.I, and row/ear .Mean squares
due to seasons x genotypes x irrigation regimes were significant only for
plant height. Thus, the performance of genotypes varies with water supply
for most traits, confirming previous results (France and Turelle 1953;
Downey 1971, El-Sayed, 1998 and Atta, 2001).

Table 5. Combined analysis of variance for studied traits over 2002 and 2003

Seasons.
Source of 50% AS1 Plant Ears/ rows/ kernels/ 100 kernel Grain
vanation - Silking height plant car row Weight  yicki/plant

4.445 7562 7885 0.001 140.8+*  156.283 90,250 541.861

1.551 14030  159.44 0.012 9.130 124.488 115,547 2292.775
4237 787,738 7269** 41818** 2176** 3042.21**  4601.4** 166373**
1.756 15867 4395** 0.063 1738+ 76.672 108.594 852.324
Error (a) 1724 2,533 23438 0014 1.900 95.526 130.774 3243.914

Years (Y) 1
6
1
H
6
Genotypes (G) 8§ 5504 7.269* 1249  0.082** 1.089 71.78* 29.061 1969.534*
8
8
8

Reps in Year
Irrigations (I)
M@

M 1(G) 2681 2743 7554** 0014  0.560 2,089 22,622 42.346
@) x(G) 6.6664* 6886  S6S5* 0229+ 088  §T.74* 15903 1777+
B 1(G) (V) 1270 3760 1253** 0010  0.823 4.8% 26.060 69.401
Error (b) 96 2740 3813 42075 0008 095 34170 67.181 702,752

*, ** jndicate significance at 0.05 and 0.01 probability levels, respectively.
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Means combincd across scasoms for the thivteen studied traits of 9 maize
cultivars evaluated under drowght stress amd son-siress (control) conditions are
presented in Table {6). :

Table 6. Means of agrenemic and yirld charycieristics of nine msize genotypes
under water sirvss and now-sivess conditions (Data are combined
over twe scasams 2007 and 2003).

Dapits o\ Plaw  Ems Dewy Komdd 100kerncd Graie yicd /
{emntypes ﬂ%m o

L L wt
sihing plmt £ plantg
Cunteul -
Gizn-2 s19 28 e £ wWus Py &LT . 1579
SC-19 51 1S w7 LS s s €2 1759
scin 26 12 el L5 us s 126
SC-113 m»4s 21 me 15 M e 514 1325
SC-119 s4 28 ez 1S M3 a3 ers 157.2
TWC3e 26 Az - ¥ 13 B8 08 7 1569
TWC-320 533 13 e 18 [y B2 s 1469
T™WC-a21 26 31 %8 L7 wus O3 612 158.7
TWC-J24 519 13 w7 L7 W3 47 1.8 1998
Aver. (mo-streas) 352 24 mes L7 W3 a2 @7 162.1
Bovm

Giza-2 514 13 M1 ax usy £~ 13 85.7
sC-18 25 Az rus % 1 WY "2 110.4
SC-i2 24 s2 2 e s 342 ~ne 95.0
SC-123 L8 S A a7 s M o1 107.4
SC-12% 27 1% A e TI m3 a9 T4
TWC31e |1 87 s & 17 BS “ys 859
TWC-329 24 712 3 as s xn2 553 103.3
TWC32 s34 &7 ME3 s 23 2 74 8.3
TWC-324 56 &3 ms3 @ ns w5 os 100.6
Aver.(strems) 2% 78 o3 e 112 1N » 97.1
Reduction H3 aMT  I6 A 4TS5 NS %6 419
(imcrense) % - .
LSD ass) L - 262 aM aw LR e 1189 - 30.49
LSD.(ANS)I 195 - e - 2% 164 322

LS.X (0.95) 1 o compunrre tovn invigetion Syeagenrai oi e cmar grastype.
LS. (8.05) 2 = copmpare milne grantyprs ot dhe s irvigation tSrestesced

Mean grain yickV/plant ranged from 132.5 g (for SC-123) t0 189.8 g
(for TWC-324) under non-stress with an average across all genotypes of
162.0 g and from 78 4 g (for TWC-321) 80 110.7 g (for SC-10) under water
stress conditions with an average of 94.1 g The highest yield cultivars
under drought stress were SC-10 followed by SC-123, TWC-320 and TWC-
324 while the highest yickding cultivars under non-stress was TWC-324
followed by SC-122, SC-10 and TWC-321. Therefore, the best crosses in
grain yield under both stress and non-stress conditions are SC-10 and TWC-
324; they could be considered as drompht tolcrant genotypes. Reduction in
grain yield/plant due w0 waser stress ranged from 18.8 % SC-123 to 58.6 %
for TWC-321 with an average of 419 % The lowest reduction in grain
yield due to drouglst stress was exhibited by SC-123, TWC-320 and SC-10.
Drought stress caused s saguificast reduction in grain yieid/plant by 41.9%.
This reduction in grain yicld duc w0 waler stress was associated with
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reduction in all yield components, i.e. 38%, 12.2%, 17.5%, 21.8% and
18.6% reduction for ear weight, ear diameter, number of rows/ear, number
of kernels/row and weight of 100 kernels. Moreover, drought stress caused a
reduction in plant height (7.6%). On the other hand, drought stress caused
an increase in all flowering traits, i.e. delay in 50% silking (1.3%) and
elongation in A.S.I. (191.7%).

Genotypic differences in maize drought tolerance in this experiment,
expressed by grain yield/plant and its components were obvious. Genotypes
that performed well under water stress for grain yield performed also well
for one or more yield components. Significant genotypic differences in
maize drought tolerance, exhibited in this experiment, could give the
confidence to the plant breeder in the possibility of improvement of this
important characteristic via conventional breeding prograrms.

HI- Relative precision of split plot design vs. R.C.B.D.

The experimental design plays an important role in the agricultural
research. It is very important to choose the efficient experimental plan
according to the expected efficiency. The efficiency of experimental designs
can be estimated using experimental data. It is expected that experimental
data can provide the researcher with all the information that he needs. Split
piot design is so constructed that the error term for the randomized complete
block design is partitioned into two parts: error (a) which is generally larger
and error (b) which is smaller than the error for a randomized complete
block experiment, .

The increase in efficiency of a split plot experiment as compared
with a (R.C.B.D.) experiment is obtained by the increased precision for the
sub plot treatment and interaction at the expense of precision for the main
plot treatments; the B and A x B effects are usually estimated more
accurately than the main plot treatments. In the experiment [ (two genotypes
experiment) average of relative efficiency combined across the two seasons
for the main plots was 93.82%, and 71.G1%, for sub plots was 110.51% and
85.84% for non-stress and siress irrigation treatments, respectively (Table
7). In experiment II (nine genotypes experiment) average of relative
efficiency combined across seasons was 92.49, 70.92 % for main plots and
140.51, 96.23 % for sub plots under non-siress and stress irrigation
conditions, respectively (Table 8).

It is obvious that the relative precision percentages of the split plot
design relative to randomized complete block design (R.C.B.D.) were
higher for sub plots than those for main plots which is logic because the
precision of sub plots comparable with main plots ia split plot design is
more accurate then in R.C.B.D. This trend was clear in all studied characters
(except plant height, 100-kernel weight) under both irrigation treatments in
2002, 2003 and combined across the two seasons. Moreover, in general the
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Table 7. Relative precision (R.P.) (%) estimates of split plot design relative to
randomized complete blocks design for maize traits in experiment L

Charscter Plat 00 2003 Combiwed
Contrel Stres Contrel stras © ' 0 Stress
% Silking Mals plet ”as [~ %, ] 5543 70.74 7526 68.77
Sab plet 10549 7.8 169.05 71.99 13721 71.7%
AS] Main plot Ti.34 6L72 812 7529 79.73 68.51
Salb plat 12512 i 9213 .72 11223 .77
Miast height Minn piot 12025 721 2884 7.78 12415 . 9499
Sub plet T4.08 6175 41.84 599 57192 60.37
Eswrs/pinet Ninla plet 5224 495 8817 [ % ] T0.19 55.45
Sals plet 100.0% 7198 wam 1.1z 13241 81.60
newsienr Male plet 11548 ” 08 810 183,18 9266
Suls plet n.n 100,00 10566 291 ”.68 94,96
Kernels/row Mnia plot 29,63 .8 0 TLSS »n 84.68
Suls plet 15314 SLes 10173 230 12746 8713
HD-heerwel weight Misia plet 11041 Si.s4 13452 $1.82 12247 6668
Sab plet "% T 3863 7.2 92.07 87.46
Ganii yiekd 'yluet Main plot €7.64 (<% 4 L L) 51.4 3.5 59.11
Subr plet 13145 10012 19061 97.92 11573  99.02
Avernge Minim plat 9314 O .50 » .82 7.1
Sub plot 113.9% 36.98 wilet M0 nes 35.84

‘Table 8. Relative precision (R.P.) (%) estimates of split plot design relative to

randomized complete blocks design for maize traits in experiment IL

Chawacter Fist . ] 2003 Combined
Comtyol Stvem Comtrel Stress E"Im ® Stress
50% Silling Maia plot 91.58 56,72 2933 7721 .44 66.97
Sub plat 94.72 L4 100.07 B80.54 .4 85.99
ASI Misim plot 631 5744 $6.15 50.21 61.23 53.83
Sub plet 9756 90.78 98.15 8292 97.90 86.85
Phust eight Main plot 15572 "3 101.12 100.73 128.42 106,62
Suk plot 97.8% 94.62 9459 903 9635 9333
Enrs/plast Mala plot 53.25 50.12 65.95 60.61 &2.10 5837
Sub plot 110.02 9L.00 103.64 96.12 106,83 94,06
wwsicar Maim plot 99.07 0.4 L34 66.14 25.21 73.28
Sub plot 110.80 100.52 10258 91.52 106.69 96.02
Kermels/row Main plot 110,29 66.94 90.43 96.09 10039 §1.52
Sab plet 122.64 8746 100.66 100.51 11165 93,99
T189-herned weight Main plot 165.53 14999 109.61 5250 13712 116.1%
Sub plot 9158 1.9 99,46 10136 98.52 99.66
Graim yicld /plant  Minin plot 108.6% 5429 737 . 36,00 T1.98 4515
Sub plet 137468 10556 107.46 11249 12256 109.03
Average Minin plot 10029 LT 468 9.06 7.8 70.92
Sub plot 199.13 2636 .59 9%.11 10451 9623

relative precision (R. P.) of the split plot vs. R.C.B. design was higher under
non-stress (control) than under water stress conditions.

Under nomn-—stress (control) data combined across seasons for
experiment I (Table 7) showed that the relative precision of split plot vs.
R.CB.D was 137.27, 112.23, 13241, 5792, 99.68, 127.46, 92.07 and
115.73% for sub plots, wiile it was 75.26, 79.73, 70.19, §6.37, 70.19,
103.18, 127.46, 122.47 and 83.8% for main plots concerning 50 % silking,
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A.S.1, plant height, ears/plant, rows/ears, kernels/row,l00-kernel weight
and grain yield/plant, respectively. For experiment II (Table 8), under
control treatment, combined data across seasons showed that the relative
precision of split plot vs. R.C.B.D. was 97.41, 97.90, 106.83, 96.35, 106.69,
111.65, 98.52 and 122.56% for sub plots and 90.44, 61.23, 62.10, 128.42,
85.21, 100.39, 137.72 and 77.98% for main plots, concerning the previous
traits in the same order, respectively (Fig. from 17 to 24).

Under water stress conditions, data combined over season for
experiment Il (Table 7) exhibited that the relative precision percentage of
the split plot design vs. R.C.B.D conceming 50% silking, A.S.I, plant
height, ears/plant, rows/ear, kemnels/row, 100- kemel weight and grain
yield/plant was 78.76, 92.77, 81.60, 60.37, 94.96, 87.13, 87.46 and 99.02%
for sub plots, while it was 68.77, 68.91, 55.45, 94.99, 02.66, 84.68, 66.68
and 39.11% for main plots, respectively. For experiment II (Table 8), under
stress treatment, combined data across seasons showed that relative
precision of split plot design vs. R.C.B.D. was 85.99, 86.85, 94.06, 93.33,
06.02. 93.99, 99.66 and 109.03% regarding sub plots and 66.97, 53.83,
55.37. 106.02, 73.28, 81.32, 116.15 and 45.15% regarding main plots for the
previous traits in the same order, respectively (Fig. 17 through 24).

TWD GEMOTYPEE  MINE GENCT ¥ PEX

[ more]

TWO GENCTYPES  NIME SEHOTWPED

[_-u-m Ihm.

Fig. 17. The relative- pozcisinn of
main plots and sub plots in split plot
design for days to 50% silking of
maize in 2002 and 2003 seasons.

Fig. 18. The =clative precision of
main plots and sub plots in split plot
design for ASI of maize in 2002 and
2003 seasons.
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TA0 GEMOTYEES NIME GENDITPES
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THDOENOTWPEE  MNE GENDTYFES
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Fig. 19. The refative precision of Fig. 20. The relative precision of
main plots and sub plols in split main plots and sub plots in split
plot design for plant height of plot  design Tor ears/plant of
maire im 2002 and 2003 seasons. maize in 2002 and 2003 seasons.

TWO JERDTYFES  MINE GENDTYOES

- L |

Fig. 21. The relative precision of main
plots and sub plots in split plot design
for 100-kernel weight of maize in 2002
az" 2003 scasons.
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Fig. 21. The relative precision of main
plots and sub plots in split plot design
for rowsfear of maize in 2002 and
W seasons.



Fig. 23. The relative precision of
main plots and sub plots in split
plot  design in number of
kernels/row for maize in 2002 and
2003 seasons.

TWO GENCTYPCS  MEME GEMOTYTES

Fig. 24. The relative precision of
main plots and sub plots in split
plot design in grain yield /plant
for maize in 2002 and 2003
SEASONS.

With the split plot design, the precision for the measurement of the
effects of the main plot factor is scarified to improve that of the sub plot
factor and its interaction with the main plot factors which will be more
precise than that obtainable with a randomized complete block design. On
the other hand, the measurement of the effects of the main plot treatments
(i.e., the levels of the main plot factor) is less precise than that obtainable
with a randomized complete block design.

Concerning the split plot design, plot size and precision of
measurement of the effects are not the same for both factors and the
assignment of a particular factor to either the main plot or the sub plot is
extremely important.

Results of the present study indicated that splitting was generally
important since it reduces the efficiency for main treatment and increases
that of split plot treatments and interaction, the first is due to the large size
of the main plot which is less efficient in soil variability and the latter is due
to less soil variability between the split plots than between the main plots of
replicates. Similar results were obtained by El-bakry, (1980), Mohammed
(1981), Moursi et al (1983) and Saad (198%)
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