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ABSTRACT

Differential response of two Egyptian wheat (cvs Sakha 69 and Sids 4 ), and two
triticale {cvs Hare 212 and Beagle “S™ ) to three seeding rates i.e., 40, 80 and 120 kg /fed.,
and four irngation intervals viz. 20,30,40 and 50 days, was investigated during 1999/2000
and 2000/2001 growing seasons in alluvial clay soil at Dar-Ramad , Fayoum Goverrnorate.
Plant height, leaf area/plant, ieaf area index, as well as the biological yield of triticale
significantly surpassed those of wheat cultivars. Number of days to 50% heading was lcss
in wheat than triticale cultivars. Mos>over, flag leaf area showed higher values in wheat
cultivars as compared to triticale ones. Increasing seeding rate from 440 10 80 or 120 kg/fed..
significantly decreased days to 50% heading and number of tillers/plant. However, the
increase in plant density {i.c., sceding rate), resulted in higher biofogical yield. Means of the
studied growth characters were significantly increased as irrigation interval decreased to 20
days. Prolonged imrigation interval up to 50 days generally decreased means of the studied
characters, except earliness, which increased with greater irrigation interval. Results of the
interactions between the studied variables indicated that wheat and triticale varieties should
be sown using 2 seeding rate of 80 or 120 kg. grains/fed., and irrigated at intervals of 20
days, to realize high potentiality of biological yield . Plant height and leaf area index
showed positive and significant correlations with biological yield for each studied variety .

Key words: Wheat — Triticale - Irrigation - Seeding rate - Growth characters —
Genotypic variation.

INTRODUCTION

Wheat is the major cereal crop around the world, while triticale is
considered a promising cereal food crop under certain conditions. In Egypt,
wheat production does not mect the consumption of the over - increasing
population. Partial seif-sufficiency from wheat (75%), requires additional
cultivated area. Since water represents a vital input for horizontal expansion.
It is of utmost importance to determine the optimum requirements of
irrigation for growing cereal crops. The influence of timing and duration of
soil water deficits on morphological development of small cereal grains has
been investigated by Begg and Turmer (1976) and Lawor er af (1981). They
found that water stress during vegetative growth reduced tiller size and
number. Stark and Longley (1976) illustrated the importance of adequate
early season soil water availability in developing uniform tillering patterns



and high yield potential for spring wheat. Duwayri (1984) reported
decreases in flag leaf area and leaf area index of wheat plants under water
stress conditions. On the other hand, El-Far and Allam (1995}, showed that
well- irrigated wheat plants at all growth stages showed highly significant
increases in plant height and spike length as compared to water stress.
Different wheat cultivars behaved differently under different wrigation
regimes with respect to yield and yield attributes (El-Far and Teama 1999).

Number of productive tillers in wheat and in triticale is one of the
most important components determining to a great extent the obtained yield.
Therefore, it seems important to find out the appropriate rate of seeds which
can insure the optimum number of tillers. '

The effect of different seeding r:otes on plant growth characters in
cereal plants was studied by many investigators (Eissa 1990, Salem et al
1990, El-Bana and Basha 1994, Abdalla and Bassiouny 1994 and El-
Karamity 1998). They reported increments in plant height, number of
spikes/unit area, grain and straw yields with increasing seeding rate. The
study carried out by Mahdy and Teama (2000) showed that wheat varieties,
i.e. Sakha 69 and Sids 8 responded positively to high seeding rate (78 and
115 kg /fed.). Heakal and Zohary (1996) found that an 80 kg/fed seeding
rate gave the greatest mean value for number of spikes/m”. Therefore, the
present study is meant to evaluate the response of some wheat and triticale
genotypes under water stress and various plant densities (seeding rate).

MATERIALS AND METHODS

Two successive field experiments were performed during 1999/2000
and 2000/2001 growing seasons, at Dar-Ramad Agriculture Experimental
F.rm, El-Fayoum Governorate. Each exneriment included fourty eight
treatments which were the comt . .ion of :

a- Four divergent genotypes, two local wheat varieties, i.e. Sakha 69
and Sids 4 designated as V,and V; and two hexaploid triticale varieties,
1.e. Hare 212 and Beagle “S” designated as V3 and V, respectively.

b- Three levels of seeding rate (40, 80, and 120 kg/fed.).

c- Irrigation intervals (20, 30, 40 and 50 days) .

The treatments were arranged in a split- split plot design with four
replications. Irrigation intervals were randomly distributed in the main piots,
genotypes of both wheat and triticale were assigned at random to the sub-
plots, whereas the seeding rates were allocated to the sub-sub plots. The plot
of 3 m x 3.5 m dimensions occupied an area of 10.5 m*. There were 13 rows
per plot each, 3.5 m long and 25 cm apart. Agricultural practices other than
irrigation and seeding rate, applied in Fayoum region were used for growing
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wheat cultivars, while those recommended agricultural practices by the
Agric. Res. Cent. were used for growing triticale genotypes.

Grains were hand drilled and planting was performed on the
November 11 and 12 for the two seasons, respectively.

Results of soil analysis of the experimental site in the two seasons
are summarized in Table (1).

A sample of ten plants were taken at random from the inner rows of
each plot at heading stage to measure the following characters:

(1)Plant height in (cm), (2) Days from planting to 50% heading,

(3) Leaf area = leaf length x maximum leaf breadth x 0.75 ( According to
procedure of Watson 1947).

(4) Leaf area index (LAI ) - leaf area plant’ c¢m’ / land area plant” cm®

(5) Number of tillers/plant, (6) Flag leaf area cm” and (7) Biological vield at
harvest.

Data were subjected to statistical analysis of the split-split plot
design. Combined analysis of varaince over years was performed on the data
of the two growing seasons and estimation of simple correlation between the
studied traits according to Gomez and Gomez (1984). and the treatment
means were compared using the least significant differences (LSD) method .

Table 1. Chemical and physical properties of soil samples taken from
experimental site in .o .1 seasons 99/2000 and 2000/2001.

Soil properties 99/2000 | 2000/2001 | Soil properties | 99/2000 | 2000/2001

pH seil paste 7.35 7.21 DTPA-extractable micronutrients ppm
EC (ds/m) 1.60 1.83 Fe 9.11 10.21
Organic matter 2.50 2.12 Mn 7.21 6.11
CaCO,, 6.24 6.94 Zn 0.67 0.61

Mechanical analysis Available nutrients (ppm)
Course Sand % 6.21 7.12 N 0.09 0.08
Fine Sand % 27.12 26.12 K 7.00 6.32
Sik % 25.12 25,11 NallCOsP 7.54 8.32
Clay % 41.55 41,65
| Soil texture Clay | Clay }




RESULTS AND DISCUSSION
Genotypic variability

Data in Table (2) and Fig. (1) show the differences among the tested
wheat and triticale varieties in plant height, number of days to 50% heading,
leaf area/plant, leaf area index, flag leaf area, number of tillers per plant and
biological yield (ton/feddan). _

In respect of plant height. triticale varieties (V3 and V,) attained
similar values which surpassed significantly those of wheat varieties (V,
and V;). The results obtained for the other growth characters indicate that
most of the afore-mentioned characters showed higher significant values for
triticale as compared to wheat varieties. However, flag leaf area in triticale
plants followed reverse trend where lower values for the character were
recorded. Moreover, the wheat variety Sakha 69, significantly exceeded Sids
4, and showed higher values in the studied growth characters with the
exception of days to 50% heading which was earlier for Sids 4. Number of
tillers per plant showed marked and significant reduction as compared to
other varieties from both wheat and triticale.

The biological yield {(grain and straw) of triticale varieties (ton/fed.)
surpassed vield of wheat varieties. This increment was significant in the two
seasons and their combined analysis. Sakha 69 wheat (V) recorded greater
biological yield as compared to Sids 4 (V,). This result could be partly
aitributed to the higher values obtained for plant height and number of tillers
per plant, while the greater values recorded in leaf area could result in more
photosynthetic product in triticale varieties. These results are in harmony
with those obtained by Aggrawal and Sinha (1987).

Effect of seeding rate

Data in Table (2)and Fig. (1) revealed the effect of seeding rate on
plant growth characters and the biological yield for both wheat and triticale
plants in two seasons and their combined analysis. Seeding rate had
significant impact in both seasons on earliness and number of tillers per
plant, while other studied characters were not affected. Lower values were
attained by increasing seeding rates from 40 up to 120 kg/fed., indicating
better earliness, and less number of tillers/plant. The decrease in number of
tillers per plant resulting from increasing seeding rate 1s mainly due to the
increase in number of plants per unit area, which in turn gives rise for higher
competition between plants and restrict the tillering process. In respect to

no. of tillers per plant, results agreed wih those obtained by El-Karamity-
(1998).
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Table 2. Growth attributes of wheat and triticale o varieties in response to seeding rates and irrigation intervals
-in two successive seasons and their combined.

B Variable Plant height cm  [Days to 50% heading|Leaf arez cm® / plant|  Leaf area index Flag leaf area cm® | No. of -tillem / plant ﬁiolugical yield t/fed.
levels 1999/ ; 2000/ {(Comb- 1999/ | 2000/ [Comb-{ 1999/ | 2000/ |Comb-| 1999/ | 2060/ {Comb-| 1999/ | 2000/ iComb-| 1999/ | 2000/ {Comb-| 1999/ | 2000/ Cemb-
2000 | 2001 | ined | 2000 | 2001 | ined | 2600 | 2001 | ined | 2000 | 2001 | ined | 2008 { 2001 | ined | 2000 | 2001 | imed | 2060 | 2001 | ined
i Varfeties
Bk-l;a 69 110341094 | 106.2 | 87.6 | 858 8;.7 259.1|210.7 (2349} 124 { 103 | 114 [ 334 | 421 | 372 | 68 6.4 6.7 | 1L7 | 13.5 | 12.6
heat Sids4 | 955 1 94.9 [ 952 | 61.7 | 60.9 | 613 | 182.4[158.0(170.2 [ 4.2 2.9 35 ]37.2 250|311 16 1.7 1.6 9.4 3.7 9.0
Lr . Hare 212 | 133.6 | 134.6 | 134.1 | 92.6 | 91.5 52.1 315.50342.7329.1 | 13.6 | 156 | 14.6 | 24.1 | 242 24.1- 6.4 7.2 68 | 162 | 17.1 | 16.7
ritiesle Beagle S | 134.7 | 135.1 11349 92.1 | 90.8 | 91.4 {3719 3123|3421 155 | 129 | 142 | 274 | 23.2 | 2583 [ 59 | 6.0 | 60 -+ 150 [ 17.0 ] 16.0
LSD 5% 3.6 33 24 0.6 0.6 64 | 590 439 358 ¢ 25 1.8 1.5 31 3.5 23 0.8 0.7 0.5 0.6 0.5 0.4
Seeding rates
40 kg / fed. 116.1 | 119.0 ] 117.5 | 84.1 | 83.0 | 83.6 | 271.1 | 268.6 | 269.8| 9.6 94 %5 ) 303|305 ) 304 | 59 6.5 62 | 113 | 11.% | 116
80 kg / fed. 1162 11193 | 1178 | 83.6 | 2.4 | 830 25;3 253.4 12727 11.8 § 10.7 | 102 | 311 | 279 | 295 | 5.2 5.4 53 | 128 | 146 | 13.7
120 kg / fed. 1182 | 1169 [117.5| 82.7 | 81.4 | 82.1 | 283.7 | 2458 [ 264.8 | 129 | 11.2 | 12.0 | 30.2 | 268 | 284 | 44 4.2 4.3 | 151 | 157 | 154
LSD 5% ns. | n8 | ns | 04 | 03 02 ; ns | ns t:;s. 15 | ns | L1 [ ns | ns. | ns 0.3 04 | 02 ; 06 | 04 | 03
Irrigation interva]; -
20 days 129.5 l 121.0 ‘ 1253 ] 86.9 | 83.3 | 85.1 (459.0)2451 |352.1| 206 | 11.0 | 158 | 429 | 31.1 | 370 | 4.8 5.6 52 | 181 | 182 | 182
T 30 days 121.7 1 120.8 | 1212 | B0.5 | 799 | B0.2 | 2638 (2395|2516 94 9.3 9.4 | 298 | 248 | 273 | 48 6.9 53 11,9 | 121 | 120
4 days 11L8 | 116.1 11139 83.3 | 83.1 | 83.2 (2341|2881 [261.1| 9.0 | 11,4 | 10.2 | 254 ; 294 | 274 | 58 51 55 ;[ 11,7 } 13.1 | 124
50 days 104.4 | 115.7 { 110.0 | 83.3 | 82.6 | 82.9 [ 1720|2509 | 211.4| 6.7 9-.9 B3 {239 ;282261 54 4.8 51 10,5 | 128 ll.TM
L8SD 5% 19 4.5 24 0.9 10 ) 0.6 1 998 | ns [ 513 | 44 n.s. 2.2 6.7 3.5 31 ns | s | ms 0.9 1 118 0.5
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Fig . 1. Mean value of biologica!l yield ton / fed. of wheat and triticale plants as affected by maln effect of varieties , seed sing rates
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Fig . 2. Mean value of biological yleld t/fed. of wheat and trticale plants as affected by first order interaction btween the studiltied variz
{ combined of two seasons )
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Seeding rate of 120 kg/fed recorded the highest biological yield
followed by that obtained from 80 kg/fed., in both seasons. The increase in
biological yield due to dense sowing is mainly attributed to the increase in
number of plants per unit area which showed more pronounced effect than
the effect of the decrease in no. of tillers per plant attained with higher
seeding rate. These results are in agreement with those obtained by Bassal
(1997), El-Karamity (1998) and El-Banna (2000).

Effect of irrigation intervals

Wheat and triticale plants irrigated every 20 days showed stimulative
effect on the studied growth characters while prolonged irrigation period up
to 50 days interval, had significant negative impact on the growth
characters. The induction of water stress through increased period of wheat
and triticale plants, which reduced the values of growth characters can be
ascribed to the lack of water absorbed causing an inbibition of
photosynthetic efficiency. The adequate water supply by irrigation interval
of 20 days (I,) significantly increased plant height and the number of days
to 50% heading. This means that plants receiving adequate water, showed
better growth and decreased earliness. It is worth to mention that number of
tillers/plant was not significantly affected different water regimes applied as
it could be considered as highly heritable character. The stimulative effect of
20 day irrigation interval on growth characters resulted in an increment in
biological yield (Fig 1) amounting to 55% compared to that obtained from
irrigation intervai of 50 days.

Results in Table (2) showed that increasing irrigation interval
significantly decreased plant height . Such decrease may be attributed to the
need of water during vegetative period. The lack of water caused an
inhibition in the activity of meristimatic tissues responsible for elongation
(Hussein et al 1978 and Abd El- Gawad et al 1993).

Effect of the interactions

The interaction effect between the tested wheat and tnticale
varieties and seeding rates on growth attributes ie, plant height, leaf
area/plant, Jeaf area index, number of tillers/plant and biological yield
(Table 3 and Fig. 2) were statistically significant mostly during the two
seasons. This result indicates that the effect of seeding rates on most studied
growth characters differed among tested varieties.

Date in Table {4) and Fig. (2) indicate that plant height, days to 50%
heading, flag leaf area and biological yield of wheat and triticale varieties
responded significantly to the irrigation treatments. The taller plants from
wheat varieties was obtained by Sakha 69 (V) irrigated at 20 days interval.
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Table 3. Resporse of growth attributes of wheat and triticale to the interaction between varieties and se aeding
rates in two successive seasons and their combined

Days te 50%
heading

Plant helght cm Leaf area em®/ plant|  Leaf aren index | Flag leaf area em® | No. of tillers / p]antl' Bmlo‘gj}cez:il ¥ el ]

1999/ ( 2000/ | Comb | 1999/ | 2004/ | Comb| 1999/ | 2000/ | Comb | 1999/ | 2000/ | Comb| 1999/ | 2000/ | Comb| 1999/ 2000/ |Comh | 1999/ | 2000/ | Comp
2000 | 2001 |- ined | 2000 | 2001 )-ined | 2000 | 2001 |- ined | 2000 | 2001 |- ined | 2000 | 2061 | - ined | 2000 | 2001 |- ined | 2000 | 2001 - ined

Interactions

Varieties 1 Seeding rates

V1zx 81 100.5 11043 {1024 88,1 | 863 | 87.2 {2846 | 191.5|213.0| 99 | 80 | 9.0 | 342 | 389 | 365 | 7.6 | 81 78 104 | 112 10.8

Vix82 (1050|1132(109.1| 87.8 | 86.1 | 869 (2359 1825|2092 | 11.6 | 89 | 103 | 353 | 426 | 389 70 | 66 | 68 | 11.3 | 134 12.3

Vix 53 104.8 [ 109.4 | 107.1 | 869 | 851 | 86.0 |306.8{258.2(282.5| 158 | 14.0 ( 149 | 308 | 418 | 363 | 59 | 48 53 (134 | 158 14.6

V2x 81 94.0 [102.4] 98.2 | 623 | 61.8 | 62,0 (1425193211678 | 26 | 2.9 | 2.8 | 391 [ 312 {351 | 18 | 19 1.9 | 81 | 7.3 7.7

V2x82 92.4 | 88.8 | 90.6 | 61.3 | 60.9 | 61.4 {2214 1291|1753 | 49 { 23 | 3.6 [ 382|217 (299 16 [ L5 L5 | 88 | 87 8.7

VIx83 |100.2) 933 ( 968 | 60.9 | 60.2 | 60.5 [183.5/151.7}167.6| 5.8 | 3.4 | 42 | 342 [ 22.3 | 281 13 1.6 1.5 [ 11.3 | 101 10.7

Vix Sl 133.8|133.8 | 1338 93.1 | 92.4 | 92.8 | 314.1)345.9|330.0 | 122 | 14.5 | 13.4 | 244 | 278 261 | 7.3 | B4 7.9 (1451 145 14.6

V3ix 82 134.9 1383 1136.6| 93.1 | 91.6 | 92.3 [330.1|379.4|354.8| 141 | 177 | 159 [ 2009 | 238 [ 223 | 65 | 7.5 7.0 | 162 | 185 173

V3ixS3 132.2 11318/ 132.0) 91.7 | 90.5 | 91.1 |302.4)3026;302.5) 144 | 147 : 145 ; 27.0 | 21.1 | 24.0 53 L% A5 18.0 | 182 181
o~

V4 x 81 135911354 11357 | 93,1 | 91.6 | 92.3 |393.2 |343.6 {3684 13.7 | 123 | 13.0 | 23.6 | 241 | 239 | 69 | 7.5 7.2 | 120 | 143

V4xS2 [132.5|1368|134.7} 91.9 | 90.8 | 91.4 [380.2;322.6 351.4| 163 | 13.8 | 151 | 30.0 | 234 [ 267 | 58 | 58 58 | 151 | 179 16.5

V4x83 (13583330 |1344| 91.4 | 898 | 90,6 [342,2 2708|3065 | 164 | 12.7 | 146 | 287 | 22.0 [ 254 | 52 | 4.7 4.9 (178 {186 18,2

LSD 8% 44 | 55 | 39 !ps | ns s | ns | 7040491 | ms | 30 | 21 | ns | omso | ons, | 05 | 07 0.5 | 11§ 09 0.7
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Table 4. Response of growth attributes of wheat and triticale to the interactions between varieties and
irrigation intervals in two successive seasons and their combined.

Days to 50% Leafarea ct?/ . ) Biologiral yield
 heading plant Leaf areaindex | Flag Jeaf area cm® | No, of tillers / plant @ offfe tl.ﬁ
1999/ | 2000/ {Comb| 1999/ | 2000/ |Combj 1999/ ZDOOIXCDmb 1999/ | 2600/ {Comb) 1999/ | 2000/ | Comb| 1999/ | 2000/ t:omb 1999/ | 2000/ Combg

2000 | 2001 |- ined| 2000 | 2001 !- ined | 2000 2001i—ined 2600 | 2001 |- ined | 2000 | 2001 |- ined | 2000 | 2001 |- ined | 2000 | 2001 |- ined
R S——

Plant height cm

Interactions

‘ Varieties x Irrigation intervals N
I — ) T : —7—
Vixil ,106.0 115.2 [110.6 | 92.8 | 858 | 89.3 |370.9 189.9{2;0.4 192 | 9.9 [14.96] 37.3 | 449 [ 41.1 | 6.1 6. 63 | 14.8 ;153 § 151

 ER——

4
VixI2 1062 [112.6 (1094 76.8 | 76.4 | 76.6 [306.0191.8 (2489 12.2 | $1 | 107 [ 30.7 (396 (351 | 7.1 | 7.2 J 7.2 (102 (122 1 11.2

-
Vixi3 98.3 11023 /100.3)| 89.2 | 90.9 | 90.1 |186.31213.2/199.7) 95 | 10.6 | 10.0 | 323 { 37.7 | 350 | 7.2 | 67 | 69 110 | 133 [ 12.2

Yixld 143.1 10581044} 91.6 | 90.2 | 90.9 |173.1 248.05210.6] 89 | 115 | 102 | 334 | 42.2 | 378 ] 69 | 56 | 62 | 10.7 [ 130 | 11.8

YixIl 107.6| 96.6 [102.1) 63.9 | 62.0 | 62.9 [3963/170.5(285.4| 10.9 ] 40 | 74 {632 351 /492 2.0 | 1.3 | 1.7 [13.7] 119 | 128

Vixl2 10071 956 | 981 | 61.4 ; 612 ; 61.3 1157.6)159.3 1584 3.2 | 2.6 | 29 (390 ) 183 ) 287 | 14 | 20 ) 1.7 | 103 | 82 | 92

vaxls 89.0 | $8.1 | 88.6 | 61.0.! 602 | 606 | 974 |1342 1158 1.5 | 2.4 | 1.9 [260 ) 204 [ 232 | 14 | 13 | 14 | 7.7 | 76 | 7.7

v2xid4 849 1992 (921 | 603 | 603 | 603 | 785116811233 1.1 | 26 | 1.8 | 204 2601232 | 14 | 28 | 1.7 | 58 | 7.2 | 65

VixIl 149.6 | 133.7 [141.6 | 96.1 | 94.1 | 95.1 [461.8 | 305.0|383.4  23.5 | 158 [ 19.6 | 29.6 | 23.8 (267 83 | 79 | 6.6 | 23.0 | 23.0 23.0|

Vix12 1357135113571 92.3 | 9.2 | 91.8 [292.5(3059 2992 11.5 | 157 | 13.6 [24.9 ] 23.6 (242 | 60 | 79 | 69 | 149 [ 159 15.4—|

VixI3 129.9137.3 |133.6 91.7 | 90.9 | 91,3 |298.7 | 451.6 | 375.1]| 11.0 | 182 | 14.6 | 20.5 | 29.7 | 251 | 7.2 | 7.0 | 7.1 | 12.9 | 144 | 13.7

VixI4 1194131911257 | 90.3 | 89.8 | 90.1 |209.1 | 308.1 [ 258.6| 8.4 12.9'10.6 212 | 198 [ 205 7.0 | 60 | 65 | 142 | 151 | 147

vax1 155.0 | 138.4 | 146.7 94.9,91.4 93.2 (607.2]1315.2|461.7 | 28.8 14.4:%21.6 416 | 206 {311 | 56 | 6.6 | 61 2091227218
—_— | -

V4x12 144.11139.3 1 141.7] 91.3 L9IJ.9 191.1 1198.9 301.2|300.0| 10.8 [ 10,0 | 104 | 244 1175 | 21.0 | 47 | 63 | 55 | 124 | 12.0 | 12.2

L

N

|

Vdx13 129.8,136.7(133.2| 91.4 | 90.6 | 910 |354.3 353.6{353.9| 138 114.6 | 142 | 229 | 298 | 263 | 74 | 56 | 66 | 152 | 170 § 161
1T

Yad x4 11{].01125.9 117.9) 90.9 | 90.1 | 90.5 [227.1[279.41253.3| 8.6 | 12.7 | 10.6 | 208 | 248 | 229 | 61 | 56 | 58 | 11,3 | 161 | 13.7
. ———
13 | 11 | 0.8

Lsbs% | 7.2 l 6.7 lu 1.1 11| 08 | ns | ms | 707 i ns | ns. | 30 [ 65 | 71 | 46 | ns.
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Moreover, wheat variety Sids 4 (V) which was significantly shorter than
Sakha 69 showed maximum plant height at nrigation treatment of 20 days
interval. The former trend was observed in triticale varieties. This result
could be ascribed to the higher meristemic activity of tissues responsible for
elongation, in the presence of needed water. Consequently, the studied
varieties subjected to water deficiency showed gradually and sometimes
significant decreases in plant height.

The biological yield obtained from each variety was significantly
affected by irrigation treatment. The maximum yicld was attained in each
variety irrigated at 20 days interval. These findings were in the same trend
with those obtained by Abd El-Gawad ef o/ (1993) and Sawires (2000).

Data in Table (5) and Fig. (2) show that the interaction between
irrigation intervals and seeding rates had a significant impact on plant
height, days to 50% heading and biological yield. The later character was
confirmed only in one season. The other studied growth characters were not
affected by this interaction. The application of seeding rate at the level of 80
or 120 kg /fed. and applying irrigation at 20 days interval showed favorable
effect on plant height and biological yield of wheat and triticale plants.

The second order interaction effects on growth characters (Table 6
and Fig. 3) was statistically significant in most of the studied characters.
Sowing Sakha 69 and Sids 4 wheat cultivars as well as triticale varieties by
using 80 or 120 kg/fed and irrigation at 20 days exerted favourable effects
on plant height, leaf area /plant and biological yield. A reverse trend was
observed for flag leaf character while leaf area index was significantly
affected only in one season.

The simple correlation coefficients between the biologecal yield and
the studied growth characters of wheat and triticale varieties are shown in
Table (7) . It is quite evident that the values of correlation coefficients
between the biological yield and both plant height and leaf area index were
highly significant . This trend was clear in wheat and triticale varieties. It
seems therefore that plant height and leaf area index are important
characters to biologecal yield than the other studied characters .
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Table S. Response of growth sttributes of wheat and triticale to the interactions between irrigation
intervals and seeding rates in two successive seasons and their combined

231

[ﬂant height cm Duﬁ:;:i:{:% Leaf}::;tcmfl __i .eaf avea index | Flag leaf area cm’ lﬁ?. of tillers / plant Biologi:e S::yl eld_‘
Interactiony { 1999/ {2006/ {Comb| 1999/{ 2000/ |[Comb| 1999/ 12000/ {Combi 1999/| 2000/ |C'omb| 1999/ | 2000/ {Combl 1999/ 2600/ {Comb 1999/!2000;’ Combl
2000 | 2001 ;- tned | 2000 | 2001 |- ined| 2000 | 2001 |- ined | 2000 | 2001 |- med| 2000 | 2001 |- ined | 2000 | 2001 |- ined| 2000 | 2001 |- ined
r;eeding rates : ;rligationin!er\;s ]
S1x11 —!128.9 118.6!1233 87.4 | 84.5 § 86.0 142651243.7133511 162} 93 | 1281 41. | 330 ﬁ"m 541 671 640 16.(Ll 153 1;:
S1xI2 120.5/121.1{120.8} 81.3 | 80.8 | 81.0 E;Gﬁ.l :61.2 _8_;- 88 ( 8.6 ;;F 25.6_ 272 87 | 7.0 | 64 | 103 9.9_ 10.1
51313 111.9{118.3|115.1] 84.2 | 83.5 [ 83.8 |243.5|287.1|2653| 82 (104 | 93 (268 311|289 | 65 { 63 | 64 | 95 (11 3_11:
51x 14 102.9|118.0|120.5 83.6 | 83,3 | 83.5 |158.0(277.3|217.7) 56 | 9.1 | 7.4 ] 23.7 | 324|280 | 61 [ 59 | 66 | 91 |11.0 | 161
S2x11 125.8(120.5/125.2| 87.1 | 83.3 | B5.2 |508.1|258,2 |383.2] 22.6 | 12.0 | 17.3 1 44.7 | 326 | 38.7 | 48 | 5.7 | 52 | 180 | 200 | 19.0
§2x12 123.11121.3{122.2; 80.7 | 80.2 | 80.4 [253.01230.3{241.7, B8 | 92 | 9.0 | 294 2201257 47 | 57 | 52 | 111 | 11.9 | 1L.5
$2x1I3 110.0(117.2[113.6( 83.4 { 83.3 | 83.4 [223.1{281.8|2524] B4 |114 | 9.9 | 240 314 [22.7 | 58 | 51 | 54 [ 11.7| 13.6 | 12.6
S2xI4 101.9|118.3)110.1| 83.4 | 82.6 | 83.0 |183.3|243.3(2133] 7.1 [ 102 [ 8.6 | 262 |55 (258 47 | 50 [ 53 | 105 12.9 11.7—
S3xIi - 129.8(123.8;126.8| 863 { 82.2 | 84.2 [442.5(233.5|338.0; 22,9 [ 11.8 | 174 | 423 | 276 [ 350 | 4.1 { 4.3 | 42 | 202 194 | 198
L _t L1
SixI2 121.4(120.0{120.8| 79.4 | 78.9 | 79.2 |281.9|222.2{252.0 10.9 [ 10.0 [ 10.5 | 30.9 (268 [ 288 | 7.1 | 4% | 4.5 | 144 | 144 1471
§3x13 lﬂi} 112.8)113.1| 82.4 | 82.6 | 82.5 [235.9]295.5/265.7| 10.3 | 12.5 | 11.4 ) 25.5 | 258 25.6’ 53 | 41 F 47 | 13.9 | 144 14.2’
S3IxI4 108.3#110.8 1095 82.8129 824 1174.61232.11203.3 ?S 104 89 (220267 | 254 ' m 34 ;39 _;;9 ‘1;“ 13.2
—
LSD 5% ns | 85 | ns ‘n.s. Z 06 | ns. [ s | ng | ns [ s [ a8 | ms | s | s | s l‘n.j.—l_n.s. n.;._l ns | 09 | 0.7
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Fig . 3, Mean value of biological yield t/fed. of wheat and trticale as affected by second order interaction between the studied variabi
varieties

, seeding rate and irrigation intervals ( combined of two seasons )
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Table 6. Response of growth attributes of wheat and triticale to the interactions between varieties,
seeding rates and irrigation intervals in two successive seasons and their combined

g I TR T

r Plant height cm Dnl).:;:l)iiﬂ% Leal’:ll:: tCmI Leaf area index | Flag leaf area cmTl;o, of tillers / plant Blolof/l;::ll-yield
. heading | i | tfed. |

. Interactions | 1999/} 2000/ }Comb| 1999/ | 2000/ |Cemb| 1999 | 2000/ | Comb| 1999/ | 2000/ |Comb 2000/ Comh(19991 2000/ |Comb| 1999/ | 2006/ |Comb
2000 | 2001 |- ined | 2000 | 2001 |- ined| 2000 | 2001 |- ined | 2000 | 2001 |- ined 2001 |- ined ' 2000 | 2001 |- ined | 2000 | 2001 |- ined
Varleties x Seeding rates x Irrigation intervals

Vix $1x11]107.0]109.0 92.0 | 87.0 | 895 [267.0 171.9!219.5_ 124 [ 78 | 100 426 |388] 67 [ 80 | 73 [13.8] 147 ] 142
Vix SIx12] 99.0 {1027 783 | 76.7 | 77.5 [350.6 [188.5{269.6{ 12.0 | 72 | 9.6 [ 29.4 [ 420 {407 | 80 | 90 | 85 | 81 | 85 | 83
V1x§1x13] 943 [1007 89.7 [ 91.0 | 98.3 157.5|224.4[191.8] 75 | 105! 9.0 62 2780 77 | 17 | 7.7 | 103|107 | 105
V1x51x14]101.7 1050 923 | 907 | 915 163.1 1813 [172.2] 80 | 66 | 73 447|390 80 |77 { 78] 95 [ 107 | 103
V1x8§2x11]105011133 92.3 | 857 | 8.0 |368.2[146.6(257.4] 19.6 | 7.2 | 134 487478 60 | 63 | 62 [147 147 [ 147
V1x$2x12[113.0[116.0 77.3 | 77.0 | 77.2 1 220.4[130.6[1755| 88 | 66 | 7.7 338 320 7.0 | 70 [ 70} 93 [114 [ 104
Vi x 82 x 13}102.7]110.7 #9.3 [ 91.3 | 903 [172.5[171.3]171.9) 88 | 83 | 85 489|415 73 {70 ] 7.2 106 ] 145 [ 125
V1xS2x14] 99.3 1127 92.0 [ 903 [ 912 [t82.5 2813 [2319] 9.4 {135 [ 115 391|345 7.7 [ 60 | 68 | 105130 117
V1 x 83 x 1| 106.0|123.3 94,0 [ 84.7 | 893 [477.5]251.1 [364.3] 25.8 [ 14.8 | 203 433 [ 3670 57| 50 | 53 V160|166 | 163
V1x§3 51210671190 74.7 | 757 | 752 [3#7.1]256.3[301.7| 159 | 13.5 | 147 43.0 {327 63 [ 57 | 60 [13.0 [ 166 | 148
Vix S3x13| 98.0 | 957 88.7 | 903 | 89.5 2288 24402364 121 [ 131 | 12,6 380 (3591 67 | 53 | 6.0 | 123 [ 148 | 125
V1x 93 x14[1083] 997 90.3 | 89.7 | 90.0 [173.8]281.3[227.6] 93 [ 144 | 118 428 (398 &0 | 3.0 | 40 [121]152 ] 13.7]
| V2x51%11]106.0]101.0 64.7 | 63.0 | 63.8 [288.6(2256]257.1] 70 | 41 | 56 4211523 20 | 17 ] 18 [13.0] 96 | 113 |
V2 s St x12] 10501093 62.0 | 62.3 [ 62.2 | 98.8 11690 1330} 1.5 | 20 | 17 195 283 | 20 © 20 [ 2.0 | 84 | 68 | 7.6 |
V21 S1313] 850 | 98.7 617 | 60.7 | 612 [107.5[128.0 1117.8] 1.3 | 2.0 | 1.6 248274 1.7 .20 | 18 | 67 | 72 | 69
Vzx§1x14] 80.0 [100.7 507 | 61.0 | 608 | 75.0 [250.6]162.5] 08 | 3.4 | 2.1 381 (326 17 ] 20 | 18 | 42 | 57 | 54
V2xS2x11]110.7] 87.7 640 | 62.3 | 63.2 [saz.1]105.40322.8] 136 | 22 | 7.0 208 | 459] 23 | 1.0 | 17 [126] 11.8 ] 122
V25S21i2| 930 | 86.0 617 | 613 | 61.5 |1633|188.8176.0] 3.1 | 3.1 | 3. 18.0 312 | 13 | 20 | 17 | 86 | 81 | 8.3 |
VZx52x13| 86.0 | 82.7 61.3 | 60.0 | 60.7 | 93.4 [110.6[102.0] 16 19 | 18 185229 13 | 10 [ 12 | 79 | 7.5 ! 7.7 |
V2 xS2314] 80.0 | 99.0 50.3 | 60.0 | 60.2 | %6.9 1113.8]{1003] 12 1.9 | 15 205198 1.3 | 20 | 1.7 | 58 | 75 | 6.7
V2 x 83 x 11 106.0 [ 101.0 630 | 60.7 | 618 |358.1:182.4[270.3| 122 | 56 | 89 335494 | 1.7 | 13 | 15 [154] 142 [ 148
V2xS3ziz!1040] 913 60.7 | 60.0 | 603 [210.6]120.0]1653] 49 | 2.5 | 3.7 175|265 1.0 | 20 | 1.5 [ 138] 97 [ 117
V2353 113] 96.0 | 83.0 60.0 [ 60.0 | 60.0 | 913 | 638 [127.5 1.7 | 3.1 | 24 180|194 [ 13 | 1.0 | 1.2 | 86 | 81 | 83
V2xs3 s 4] 947 [ 980 60:0 | 60.0 | 60.0 | 73.8 |140.6 1072 1.2 | 2.5 | 1.8 193172 13 [ 20 | 17 [ 72 [ B3 | 738
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Table 6. Continued

Phant height cm  |Days to 50% heading{Leaf area cm’ / plant]  Leaf area index Flag leaf area em® | No. of tillers / plant |Biological yield t/fed.

Interactions | 1299 | 2000/ \Comb-{ 1999/ | 2000/ ’Comb 1959/ | 2000/ |Comb-; 1999/ 1 2000/ Comb-| 1999/ | 2000/ [Comb-| 1999/ | 2000/ [Comb-j 1999/ | 2004 ]Cumb-
20000 | 2001 | ined | 2000 | 2001 | ined | 2004 | 20061 | ined | 2000 | 2001 | ined | 2000 : 2001 | ined | 2000 | 2001 | ined | 2000 | 2001 | ined

Varieties x Seeding rates x Irrigation intervals

V3x51x11|147.0]/12501136.0| 973 | 953 | 963 S385i30787423.1] 22.8 | 149 | 18% | 325 | 275 (M0 | 63 | 90 | 67 | 188 | 17.7 18.3 |
V3xStxI2(130.0 (1413|1357 923 [ 923 | 923 |180.0;341.3 |260.6; 68 | 16.2 | 11.8 [ 23.0 ; 258 [ 244 | 7.0 | 10.0 | 85 [ 146 | 146 | 14.6
V3xS1xI3{1350|1363|1357| 93.0 | 91.3 | 92.2 [249.0 [ 388.0 | 341.0 | 10.1 | 13.2 | 116 | 203 | 308 | 256 | 8.0 | 8.0 | B0 | 11.2 | 12.0 : 116
V3x§1x14(123.3 13271280 89.7 | 90.7 | 90.2 |243.8346.8[2953 | 92 | 13.1 | 1.1 { 207 {270 | 244 | 80 | 67 | 73 | 13.5 | 142 | 13.9
V3Ix8$2x11]1523 13831453 97.0 | 94.0 | 955 | 471.0 | 3484 | 409.7| 24.5 | 184 | 21.4 | 24.2 | 233 (238 | 83 | 87 | 70 | 23.2 | 274 | 253
V3xS2xI2{141.0 1383 |1397| 93.0 | 91.3 | 92.2 | 3653 (2906 (3280 140 | 150 [ 145 [ 224 | 225 [ 224 V 57 | 73 | 65 | 146 | 160 | 153
V3IxS82x13|12631138.0:132.2| 91.7 | 91.3 | 91.5 | 320.1 |473.8|397.0| 11.4 | 20.0 | 157 | 13.0 : 320 | 225 ( 7.3 | 80 | 7.7 | 130 | 151 | 14,0
V3x82x14(120.0]138.7,1293| 90.7 | 89,7 | 90.2 | 163.9( 4050 |284.5| 6.7 [ 176 | 12.1 | 240 | 172 [ 206 | 7.7 | 60 | 68 | 14.0 | 154 | 14.7
V31S3x11{1493 | 138.7 [143.5] 94.0 | 93.0 | 93.5 [376.0(259.0|317.5 23.1 | 141 [ 186 | 32.2 [ 204 | 263 | 43 | 60 | 52 { 27.0 { 23.9 | 254
V3ixS83x12)136.0(127.3 [131.7] 91.7 | 90.0 | 90.8 (3323 |285.8[3090| 13.6 | 153 | 145 [ 294 | 224 | 259 | 53 | 63 | 58 | 154 | 17.2 | 163
Vix§3x13|1283]137.71133.0] 90.3 | 90.0 | 90.2 |281.9{493.0 |387.5| 11.6 | 21.3 | 165 [ 283 [ 263 | 273 | 63 | 50 | 87 [ 145 | 162 | 153
V3ixS3x14] 11501243 |119.7| 90.7 | 89.0 | 89.8 [219.5(|172.5(196.0] 93 | 79 [ 86 | 180 (152 | 166 | 53 | 83 | 53 | 152 | 156 | 154
VidxS1xI1{1557[13931147.5] 957 | 92.7 | 94.2 (6119|2694 |440.6| 229 [ 104 | 167 | 375 {196 | 286 | 67 | 80 | 73 | 186 | 191 | 188
V4xS51x12{148.0(131.0/139.5| 92,7 1 91.7 | 92.2 [396.1;365.5/380.8, 135 | 93 (114 | 164 | 146 | 185 | 57 | 73 | 65 [ 103 | 95 | 99
V4x8S1x13(1333 (1377 11355] 923 : 91.0 | 91.7 (4150408214116} 138 | 160 | 149 | 280 [ 424 | 352 | 87 | 73 | 80 | 100 | 152 [ 126
V4x81x14|1067 11337 (1202} 91,7 1 91.0 | 913 1150013313 12407} 4.6 [ 133 |, 90 (125 | 1981162 { 6.7 | 73 | 70 [ 93 134 | 114
V4x 852 xI1[1510.3 (1427 | 147.0| 950 | 91.3 | 93.2 | 6513 |434.5|542.9| 32.9 [ 203 | 266 | 457 [ 287 {372 | 53 | 67 [ 60 | 21.5 | 261 | 238
V4x 852 x12|1453 |144.7 | 1450 90.7 | 91.0 | 90.8 |263.2 |311.53[287.2) %4 [ 119 | 107 | 206 | 13.8 (172 | 47 | 63 | 55 | 11.8 | 12.3 | 12.0
V4x82x13(1250(137.3(131.2[ 913 | 90.7 | 91.8 {3063 |371.5(338.9 11.7 | 154 [ 13.5 | 21.7 | 260 | 23.9 | 7.0 [ 43 | 57 | 153 | 174 | 163
V4 x82x1d4|108.3(122.7[1155] 90.7 | 903 | 90.5 {300.0{173.1|2366] 113 | 7.7 | 9.5 (319 {251 [ 285 | 6.0 | 6.0 | 60 | 117 | 159 | 138
V4xS83xI1)158.0|133.3 [ 1457 94.0 | 903 | 92.2 |558.3|241.7(400.0| 30.6 | 12.7 | 216 | 41.5 [ 134 | 274 | 47 | 50 | 48 | 22.6 | 229 | 228
V4 x83x02(139.0]142.3 [140.7| 90,7 | 90.0 | 90.3 1237.5[226,7(232.1{ 93 | 88 | 9.0 1362 | 242 | 302 | 3.7 | 53 | 45 | 153 | 144 | 148
V4x 83 xI3[131.0]135.0 [133.0( 90.7 | 90.0 | 90.3 {341.5)|281.0(311.3| 157 | 125 ; 14.1 | 121 [ 20.9 (200 | 67 | 50 | 58 [ 203 : 184 | 194
V4xS53x14|1150]121.3[1182] 903 | 89.0 | 89.7 [231.3|333.8/282.5] 10.0 | 169 | 13.5 | 181 | 296 | 238 | 57 ; 33 | 45 | 13.0 ! 189 | 159

LSD 5% ns. | 1L1] 7.0 Q.7 na | ns [1397]140.9| 983 | ns | 6.0 | 42 | 142 | 129 | 9.5 1 ns. | 15 | 09 [ 22 | 1.7 | 14 |
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Table 7. Simple correlation coefficients between biological yield and the studied growth characters of wheat
(V1 and V2) and triticale (V3 and /4) varieties (combined of two seasons)

.. Plant Days to 50% Leaf area / Leaf area No. of tillers /
Characters B Varicties height _lfea ding plant index Flag leaf area plant

vi 0.382 ** 0.188 0.215 0.394 ** 0279 * -0.512 **
Biological yield A\ 0.448 ** 0.435 ** 0.506 ** 0.683 *+ 9.590 ** -0.082

V3 0.402 ** 0,420 ** 0.131 0.412 ** 0.098 -0.216

V4 0.329 ** §.131 0.317 ** 0,536 ** 0,313 ** 0,202 ]

Vi -0.315 ** 0.040 0.088 0.202 ~(,120
Plant height V2 0.439 ** 0,537 *=* 0.509 ** 0.477 ** 0.337 **

V3 0.456 ** 0.498 ** 0.573 ** 0.249 * -0.173

Vi 0.459 ** 0,499 ** (.488 ** 0.294 * -.072

Vi1 0.020 6.138 0,051 -0.107
Days to 50% V2 0.534 ** (3.527 ** 0.699 ** 0.198
heading V3 0.342 ** 0.435 ** 0.237 * 0.025

V4 0,566 ** 0.512 *#* 0.345 ** 0.266 *

Vi - 0,953 *»* 0,019 -0.178
Leaf area/ V2 0.946 ** 0.676 ~* 0.163
plant V3 0,917 ** 0,489 ** -0.217

V4 0,929 ** 0,502 ** 0.066

Vi -0.018 0,294 *
Leaf area index V2 0.733 ** 0.114

V3 0.463 ** -0.245 *

B V4 0.571 ** -0.090

Vi -0.112

V2 1,213
Flag leaf area V3 -0.008

V4 -0.130

* and ** : denote sipnificant at 0.05 and 0,01 probability levels , respectively .
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