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Table 2. Meteorological data for Tal Hadya Station during two successive seasons
(1993/94 and 1994/95)

Month  Period 1993/1954 1994/1993
Temperature °C Rainfall Temperature °C Rainfall
max min mean  (mm) max min mean  {mm)
Sep. I 33.78 1841 26.09 0 37.10  21.23  29.16 0

I 38.11 16.00 27.05 0 39.64 1979 2971
M1 3253 13.63  23.08 0 3534 1944 2739 1.3
Aver.' 34.80 16.01 25.40 0 3736 20.15  28.75 1.3
Oct I 31.17  13.99 2258 0 3528 1471 2499 0

I 3247 1227 2237 0 2870 15.16 21.95 123
11 28.66 1115 1990 13.1 2847 1450 2148 3.4

Aver. 3076 1247 2161 131 30.81 14.79 22.80 15.7

Nov I 2061 700 1380 292 2126 770 1448 7.8
I 1153 192 672 8.1 17.96 8.17 13.06 635
I 1601 343 974 3.4 1460 7.12 1086 2638

Aver. 16.05 4.13 1008 457 1794 7.66 12.80 98.1

Dec I 13.30  3.67 8.48 1.4 931 480 225 15.0
I 1345 5.02 923 09 11.03 405 7.54 27.1

111 1551 641 10.96 04 9.88 3.89 6.71 3.0

Aver. 14.08 5.03  9.55 2.7 10.07  1.04 5.50 45.1
Jan I 14.18  3.32 9.00 326 1340 529 9.34 3.2

I 1278 527  9.02 165 12,14 772 99 254

I 1296 276 - 7.86 635 11.14 321 7.17 11.3

Aver. 13.30  3.95 - 8.62 112.6 1222 5.40 8.81 42.4

Feb I 1329 0.67 6.98 258 1323 2.69 7.96 14.3
II 13.81 341 8.61 953 1758 232 9.95 0

111 1436  4.76 9.56 187 1913 331  11.22 1.6

Aver. 13.82 294 838 139.8 16.64 2.77 9.71 16.1
March 1 1633 280  9.66 24 20.48 425 1236 5.0

I 1824 432 1128 5.4 1744 358 1051  19.0
11 2164 538 1351 6.8 1893 231 10.62 0.5

Aver, 18.80 4.16 1148 14.6 1895 3.38 11.16 24.5

April 1 2323 736 1529 0 2125 300 1312 1238
I 3057 777 1917 0 2131 733 1442 347
11 2704 972 1838 130 2664 802 1733 0.8

Aver. ] 2694 828 17.61 13.0 23.06 6.85 14.95 48.3

May I 2464 817 1640 157 2385 834 16.09 7.9
I 31.18 11.00 21.09 0 31.84  9.69 2076 0
I 3834 1578 27.06 0 38.44 1841 2842 11.6

Aver. 3138 11.65 21.51 157 31.37 1214 21.75 19.5

Jun I 3424 1598 2511 0 33.14  17.30 2522 1.5
I 3483 18.84 26383 3722 1997 2839 0

0
II1 3490 1820 26.55 0 36.83 1842 2762 0
Aver. 34.65 17.67 26.16 0 35.73 18.56  27.14 1.5

' Average of monthly temperature, total for rainfall.
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Table 3. Design for a 3° experiment with three replications to fit second-

Order Model
factor level reps design  comstant X; Xu X)© X»¥ XuXy Y
point i Bo
W;N; R; 1 —l -1 -1 1 1 1“ Yu—
R, 1 -1 -1 1 1 1 Y2
R; 1 -1 -1 1 1 1 Yis
W.N; R, 2 1 0 -1 0 1 0 Yo
R, | 0o -1 0 1 ol | Yo
R; 1 0 -1 0 1 0 Yo
Wi N, R, 3 1 1 -1 1 1 -1 Ys:
R, 1 11 1 1 -1 | Ya
R; 1 1 -1 1 1 -1 Y3
W N, R, 4 1 -1 0 1 0 0 Y
R, 1 a1 0 1 0 0||Yae
R; 1 -1 0 1 0 0 Y3
W, N; R, 5 1 0 0 0 0 0 Y] Ysi
R, 1 O 0 0 0 0| Ys
Rs 1 0 0 0 0 0} Ys
Wi N; R; 6 1 1 0 1 0 0 Yé1
R, 1 1 0 1 0 0] Ye
R; 1 1 0 1 0 0 Y3
Wi N; R; 7 1 -1 1 1 1 -1 Y11
R, 1 -1 1 1 1 -1 Y7,
R; 1 101 1 1 1| Yn
W, N; R, 8 1 0 1 0 1 0 Ys;
R, 1 o 1 0 1 0l Ye
R; 11 0 1 0 1 0 Ya3
Wi N; R, 9 1 1 1 1 1 1 Yo
R, 1 11 1 1 1] Yo
R; _l 1 1 1 1 1 i L_Y93
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Table 4. Orthogonal form of the design matrix presented in Table 3.

factor level rep design constant X; Xa Xi¥ Xot XuXa Y
point i Bo

— - o~ 7

Wi N, R, 1 1 -1 -1 13 173 1 Yo
R, 1 -1 -1 ¥3 13 1 Y,

R; 1 -1 -1 13 173 1 Y3

W, N, R, 2 1 0 -1 23 173 0 Yy
R, 1 0 -1 273 1/3 0 Yo

R; 1 0 -1 23 1/3 0 Y3

Wi N; R, 3 1 1 -1 13 13 -1 Y3,
R, 1 1 -1 V3 173 -1 Yi2

R; 1 1 -1 U3 13 -1 Ysis

W; N, R 4 1 -1 ¢ 173 273 0 Ya
R, 1 -1 0 173 -2/3 0 Ya

R; 1 -1 0 173 -2/3 0 Y

W N, R, 5 X 1 0 0 -2/3 -2/3 0lY| Ys
R, 1 0 0 -213 -2/3 0 Ys,

R, 1 0 0 =273 -2/3 0 Yss

WiN; R, 6 1 1 0 /3 -2/3 0 Y
R, 1 1 0 /3 =273 0 Yo

R; - 1 1 0 13 -2/3 0 Yes

Wi N; R, 7 1 -1 1 13173 -1 Yn
R; 1 -1 1 173 173 -1 Yo

R; 1 -1 173 173 -1 Yz

W:N; R, 8 1 0 1 =23 173 0 Ys
R, 1 0 1 -2/3 173 0 Ys:

R; 1 0 1 273 173 0 Yss

W3 N; R, 9 1 1 1 173173 1 Yo
R; 1 1 1 173 173 1 Yo

R; _ 1 1 1 173 173 1 Yo
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Table 5.Guidlines for protein strength, SDS sedimentation

Sediment height (ml) Potential baking strength
Over 80 Exceptionally strong

70-79 Very strong

60-69 Strong

50-59 Medium strength

40-49 Fairly weak

30-39 Weak

20-29 Very weak

Less than 20 Exceptionally weak
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Table 6. Grading system for vitreous in durum wheat

VKC % Classification Grade

90-100 Vitreous A
70-89 Fairly vitreous B
50-69 " Medium C
30-49 Fairly opaque D
Less than 30 Opaque E
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Table 7. Guidelines for flour color in durum wheat

Xanthophyll (ppm) Classification

Less than 5 Low concentration
5-7 Medium cocentration
Over 7 High concentration

Statistical Analysis S>3yl |l
i g ed) Sl a1 o U el el ods = r.x__s;:.ﬂil
Sl sl o Asladll UM dul,ay ¢ e gy 5all Bl o Gy il ad ju
L_S';O_-’-Jjg'“'ﬂ b yay soladl Ll Ll U_AQSJ}_Q_J\ 5 il A5
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Table 8. Analysis of variance for simple lattice design with two replications

d. . & ) Sl g Source of Variation ot jslas
r-1=1 Replicates <, Sl
rk-1)=6

Blocks (adjusted) (d-aall) oolelhdll

2 _ £
k*-1=15 Variaties (unadjusted) (&sdi .8y LY

(k-1 @k-k-1)=9 Interblock error (wleladll -pla) oo Lol

7 4
rk” -1= 31 _ Total t,,ou,) !
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Table 9. Means of studied characters for Cham 1 and Cham 3 during two successive seasons, 1993/94 and 1994/95

characters  flour color

vitreous % protein %

kernels / spikes / m?

spike :

grain yield
(kg/ha)

3 1 3 1

1

3 1*

variety 3 1
1993/94 561 630
1994/95 6.77 642
mean 6.19 636

67.9 666 956 933 406 429

254 384 351

99.0 9838 13.9 272

11.6 2.16

36.6 36.1 297 294

384 463 412 442

37.5 412 354 368

- 2126 2567

4928 5113

3527 3841

* 1=Cham1, 3= Cham 3.
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Table 10. Analysis of variance for grain yield of Cham 1 in 1993-1994

Sv df SS MS F
Total 26 27391465.40
Model 5 26198865.37 5239773.07 92.26 **
Linear 2 23220293.00 11610146.50  204.43 **
by 1 22653180.50  22653180.50  398.89 **
b, 1 567112.50 567112.50 9.99 **
Quadratic & .
interaction 3 2978572.37 992857.45 17.48 **
b1 1 1994882.24 1994882.24 35.13 **
b, 1 318167.13 318167.13 5.60 *
b1a 1 665523.00 665523.60 11.72 **
Error 21 1192600.03 56790.47
Lack of fit 3 301438.50 100479.50 2.03 -
Exp.error 18 891161.56 49508.97 |
R? =0.9564 (P <0.01) CV=928

C A s 0.01 50,05 5 s iz B gns

*  *

Y =3106.5+1121.83 X; + 176.38 X, - 579.41 X, - 229.39 X, +235.5 X; X,
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Table 11. Analysis of variance for grain yield of Cham 3 in 1993-1994

3% df SS MS F
Total 26 20630072.07

Model 5 172805750 3456115.02  21.67 **
Linear 2 16406696.50 820334825  51.43 **
b 1 15329‘184.50 15329184.50  96.11 **
b, 1 1077512.00 1077512.00 6.76 *
Quadratic &

interaction 3 873878.62 . 291292.87 1.82
by 1 128383.13 128383.13 0.80
b 1 314951.41 314951.41 1.97
bz ‘ 1 430544.08 430544.08 2.70
Error 21 3349496.00 159499.85

Lack of fit 3 7943.00 2647.66 0.01
Exp.Error 18 3341553.00 185641.83

R*=10.8376 (P < 0.01) CV =18.78

c JA Lo 0.01 50.05 (6 sie i s THF
Y =2327.5 +922.83 X, +244.66 X, - 146.42 X, - 229.34 X5* + 189.41 X, X,
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Fig. 2. Response surface plots of grain yield as a function of irrigation and

nitrogen levels for Cham 1 (2 A) and Cham 3 (2 B) in 1993-1994
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Fig. 3. Contour maps for grain yield of Cham 1 (3 A) and Cham 3 (3 B) as a

function of irrigation and nitrogen levels in 1993-1994
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Table 12. Analysis of variance of spikes / m” for Cham 1 in 1993-1994

SV df SS MS F
Total 26 51766.66

* Model 5 39707.63 7941.52 13.83%*
Linear 2 2255138 1127569 19.63**
b, - 1 16501.38 16501.38 28.74%*
b, 1 6050.00 6050.00 10.54%*
Quadratic & »
interaction 3 17156.24 5718.74 9. 95%*
bu 1 37.50 37.50 0.07
bz 1 17066.65 17066.65 20.72%%
bz 1 52.08 52.08 0.09
Error 21 12059.03 574.23 |
Lack of fit 3 92.15 30.71 0.046
Exp.Error 18 119066.88 564.82 |
R®= 07670 (P <0.01) CV=28.13

*k ¥

- J L2 0.01 50,05 6 s i By sma ¥
¥ =32836+30.27 X; + 18.33 X; - 2.502 X, - 53.38 X;* + 2.08 X;X;
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Table 13. Analysis of variance of spikes / m* for Cham 3 in 1993-1994

SV df SS MS F
Total 26 60262.96
Model 5 37528.00 7505.62 6.93 **
Linear 2 24602.77 12301.38 11.36 **
b, 1 18368.05 18368.05 11.97 **
b, 1 6234.72 6234.72 5.76 *
Quadratic and
interaction 3 12925.22 4308.40 397 *
b1, 1 2467.12 2467.12 298
b 1 8189.35 8189.35 7 56+
b1 1 2268.75 2268.75 210
Error 21 22734.95 1082.61
Lack of fit 3 1368.28 456.09 0.384
Exp. error 18 21366.67 1187.03

R* = 0.6227 (P <0.01) CV=11.07

~

P A2 0.01 50.05 (8 st ie E e *XF

Y = 3352+ 31.94 X+ 18.61 X,- 20.29 X;*-36.98 X,2 - 13.75 X1 X
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Fig. 4. Response surface plots of spikes / m* for Cham 1 (4 A) and Cham 3 (4 B)

as a function of irrigation and nitrogen levels in 1993-1994
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Fig. 5. Contour maps of spikes / m* for Cham 1 (5 A)and Cham 3 (5B)as a

function of irrigation and nitrogen levels in 1993-1994
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Table 14. Analysis of variance of Kkernels / spike for Cham 1 in 1993-1994

SV df SS MS F
Total 26 634.07
Model 5 248 92 49.78 2.71%
Linear 2 180.55 90.27 4.92%
b; 1 24.50 24.50 1.34
b, 1 156.05 156.05 8.51%*
Quadratic and '
interaction -3 68.36 22.78 1.24
by 1 34.24 34.24 1.87
b2, 1 17.79 17.79 0.97
b1z ‘ 1 16.33 16.33 0.89
Error 21 385.14 18.34
Lack of fit 3 14.48 482 0.23
Exp. error 18 370.66 20.59

R*= 0.3925 (P> 0.05) CV=11.83

- 3 L 0.01 50.05 5y e By gna T T

A

Y= 3899+ 1055X; + 3.055X, -2502X;%-1.835X%-1.00%;X,
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Table 15. Analysis of variance of kernels / spike for Cham 3 in 1993-1994

SV df SS MS F
Total : 26 818.51 _

Model 5 487.34 97.46 6.18**
Linear 2 305.10 122.55 7.77**
b, 1 304.22 304.22 19.29%**
by 1 0.88 0.88 0.06
Quadratic and ‘ '
interaction 3 182.21 : 60.73 3.85%
by 1 14.51 14.51 0.92
bz, 1 163.62 163.62 10.38**
b1, 1 4.08 4.08 0.26
Error 21 331.17 15.77

Lack of fit 3 10.51 3.50 0.196
Exp. error 18 320.66 17.81

R’= 0.5853 (P <0.01) ) CV =10.90
c s e 0.01 50.05 5 pims i By gea ¥ K
! B ot S

Y = 4074+ 483 X; +0.50 X,-1.279 X,* - 4.949 X,° + 0.999 X, X,
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Fig. 6. Response surface plots of kernels / spike for Cham 1 (6 A) and (6 B) as a

function of irrigation and nitrogen levels in 1993-1994
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Fig. 7. Contour maps of kernels / spike for Cham 1 (7 A) and (7 B) as a function

of irrigation and nitrogen levels in 1993-1994
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Table 16. Analysis of variance of TKW for Cham 1 in 1993-1994

SS

SV df MS F
Total 26 300.50
Model 5 174.76 3495 5.84%*
Linear 2 107.92 53.96 9.02%*
b, 1 105.12 105.12 17.56**
b, 1 2.80 2.80 0.47
Quadratic and
interaction 3 66.83 22.27 3.72%
by 1 41.43 41.43 6.92*
b2, 1 14.00 14.00 2.34
bia 1 11.40 11.40 1.91
Error 21 - 12573 5.98
Lack of fit 3 34.44 11.48 2.26
Exp. error 18 91.29 5.07

R’= 0.5815 (P <0.01) CV =573

S A2 0.01 50,05 5 gn dis iy gma *F

Y =4545+2416 X1 -0.394 X;-2.63 X;%- 1.529 X7 + 0.974 X; X,
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Table 17. Analysis of variance of TKW for Cham 3 in 1993-1994.

Sv | df SS MS F
Total 26 407.18
Model 5 216.90 43.38 4.79%*
Linear 2 168.50 84.25 0. 20%*
by 1 163.80 163.80 18.08**
b, 1 4.70 3 4.70 0.52
Quadratic and _
interaction 3 48 41 16.13 1.78
b 1 4320 43,20 4.77*
b, 1 0.01 0.01 - 0.00
b1z 1 5.20 5.20 0.57
Error 21 190.27 9.06
Lack of fit -3 62.50 20.83 2.90
Exp. error 18 127.77 7.09

R’= 0.5327 (P <0.01) CV =7.40

I e 0.01 50.05 (5 g i By gina ** *

Y =4241+3.016X,-0.511 X5 -2.68 X,2-0.001 X52 - 0.658 X;X»
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Fig. 8. Response surface plots of TKW for Cham 1 (8 A) and Cham 3 (8 B) as

a function of irrigation and nitrogen levels in 1993-1994
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function of irrigation and nitrogen levels in 1993-1994
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Table 18. Analysis of variance of SDS for Cham 1 in 1993-1994

SV df SS . MS . F
Total .26 381.40
Model 5 212.43 42 .49 5.28%%
Linear 2 178.93 89.46 11.12%*
b, 1 10.88 10.88 1.35
b, 1 168.05 168.05 20.80**
Quadratic and
interaction 3 33.50 11.16 1.38
by 1 1.18 1.18 0.15
b2, 1 2.24 2.24 0.28
b2 1 30.08 30.08 3.74
Error 21 168.97 8.04
Lack of fit 3 51.65 17.21 2.64
Exp. error 18 117.32 6.51

R’= 0.5570 (P <0.01) ' CV=18.72

** ¥

s e 0.01 5005 g e B T

¥ =15.84 + 0.777 X, + 3.055X, - 0.444 X;2- 0.611 X,* + 1.585 X, X
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Table 19. Analysis of variance of SDS for Cham 3 in 1993-1994.

Sv df SS MS F
Total 26 198.29
Model 5 81.56 16.31 2.93*
Linear 2 59.60 29.80 5.36*
b, 1 2.72 2.72 0.49
b2 1 56.88 56.88 10.23**
Quadratic and
interaction 3 21.94 7.31 1.31
bu 1 0.90 0.90 0.16
b2, 1 18.96 18.96 3.41
b1, 1 2.08 2.08 0.37
Error 21 116.73 5.55
Lack of fit 3 1.40 0.46 0.07
Exp. error 18 115.33 6.40 i
R’= 04113 (P> 0.05) CV=15.33

C I 5 0.01 5005 (5 sms kie By yins ™ *

~

Y =16.14+0.388 X; + 1.66 X, + 0.611 X;* - 1.89 X, + 0.416 X, X>
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Fig. 10. Response surface plots of SDS for Cham 1 (10 A) and Cham 3 (10 B)

as a function of irrigation and nitrogen levels in 1993-1994
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Fig. 11. Contour maps of SDS for Cham 1 (11 A) and Cham 3 (11 B) as a

function of irrigation and nitrogen levels in 1993-1994
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Table. 20. Analysis of variance of SDSI for Cham 1 variety in 1993-1994

Sv ' df SS MS , F
Total 26 2.34
Model 5 - 0.991 0.198 3.09*
Linear 2 0.845 0.422 6.59%*
b, 1 0.005 0.005 0.08
b, 1 0.840 - 0.840 13.12**
Quadratic and
interaction 3 0.146 0.048 0.75
bi; 1 0.004 0.004 0.06
b2, 1 0.022 0.022 0.34
b2 1 0.120 0.120 1.87
Error 21 1.350 0.064
Lack of fit 3 0.510 0.170 3.69%
Exp. error 18 0.840 0.046

R*= 0.4243 (P <0.05) CV=1582

- A e 0.01 50.05 §gimn di Bygms T

¥ =1.661 +0.016 X, + 0.216 X; - 0.027 X;? - 0.061 X5 + 1.00 X;X,
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Table 21. Analysis of variance of SDSI for Cham 3 in 1993-1994

~

A% df SS MS F

Total 26 198.29

Model 5 81.56 16.31 2.93%

Linear 2 59.60 29.80 5.36*

b; 1 2.72 2.72 0.49

b, 1 56.88 '56.88 10.23%*
" Quadratic and

interaction 3 21.94 7.31 1.31

by 1 0.90 0.90 0.16

b2, 1 18.96 18.96 3.41

b12 1 2.08 2.08 0.37

Error 21 116.73 5.55

Lack of fit 3 1.40 0.466 0.072

Exp. error 18 115.33 6.40

R’>= 0.3270 (P> 0.05) CV =12.40

c A e 0.0 50.05 (5 stmn is By gma ¥ *

Y =1.743 +0.022 X; + 0.111 X»- 0.0333 X;?- 0.166 X, - 0.016 X, X,
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Fig. 12. Response surface plots of SDSI for Cham 1 (12 A) and Cham 3 (12 B)

as a function of irrigation and nitrog levels in 1993-1994
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Table 22. Analysis of variance of protein % for Cham 1 in 1993-1994.

SV df SS MS F
To;al 26 19.63
Model 5 12.80 2.56 7.87%*
Linear 2 11.04 5.52 17.25%*
by 1 1.80 1.80 5.62%
b, 1 9.24 924 A 28.41**
Quadratic and
interaction 3 1.74 0.58 1.81
bu 1 0.02 0.02 0.07
b1 1 0.11 0.11 0.36
b1a 1 1.61 1.61 4.96*
Error 21 6.83 0.32
Lack of fit 3 1.15 0.38 1.20
Exp. error 18 5.68 0.31

R*= 0.6519 (P <0.01) CV=6.11

s e 0.01 50,05 (5 s i By *T T

Y =938+0.316X;+0.716 X, + 0.061 X% - 0.139 X% + 0.366 X; X,
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Table 23. Analysis of variance of protein % for Cham 3 in 1993-1994

SV ' df SS MS F
Total 26 13.86
Model 5 7.86 1.57 5.51%%
Linear 2 4.56 2.38 8.35%*
b, 1 0.16 0.16 0.56
b, 1 4.60 4.60 16.14%*
Quadratic and o
interaction 3 3.10 1.03 3.61%
b 1 0.93 0.93 3.26
ba; 1 0.56 0.56 1.96
137} 1 1.61 1.61 5.65%
Error . 21 6.00 0.28
Lack of fit 3 0.88 0.29 1.03
Exp. error 18 5.12 0.28

R’= 0.5675 (P <0.01) CV= 558

c A e 0.01 50.05 5 ke g T T

Y =9.50 + 0.094 X, + 0.505 X, + 0.394 X;2 - 0.305 X2 + 0.366 X, X5
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Fig. 14. Response surface plots of protein % for Cham 1 (14 A) and Cham 3

(14 B) as a function of irrigation and nitrogen levels in 1993-1994
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Table 24. Analysis of variance of vitreous for Cham 1 variety in 1993-1994

SV df - SS MS F
Total 26 12076.29
Model 5 7486.89 1497.37 6.85%*
Linear 2 6724 43 3362.21 15.38%*
by 1 600.88 600.88 2.75
b, 1 6123.55 - 6123.55 28.02%*
Quadratic and
interaction 3 762.44 254.14 1.16
by 1 85.62 85.62 0.39
bz, 1 208.06 208.06 0.95
b2 1. 468.75 468.75 2.14
Error 21 4589.39 218.54
Lack of fit 3 414.73 138.24 0.59
Exp. error 18 4174.66 - 231.92

R*= 0.6199 (P <0.01) CV= 2218

s Je 0.01 50.05 (8 ghn e Bygime TF T

Y =68.03+5.77 X; + 18.44 X, +3.78 X;* - 5.89 X' + 6.25 X, X,
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Table 25. Analysis of variance of vitreous for Cham 3 in 1993-1994

SV df SS MS F
Total 26 9638.96
Model 5 5488.23 1097.64 5.55%x
Linear 2 3540.50 1770.25 8.95%*
b, 1 12.50 12.50 - 0.06
b, 1 3528.00 3528.00 17.85%*
Quadratic and :
interaction 3 1947.72 649.24 - 3.28*
b1 1 1166.68 1166.68 5.90*
b2, 1 510.29 510.29 2.58
b1 1 270.75 270.75 1.37
Error - 21 4150.73. 197.65
Lack of fit 3 567.41 189.13 0.95
Exp. error 18 3583.32 199.07

R’= 0.5693 (P <0.01) - CV = 20.68

- I e 0.01 50.05 & smme ki Bygina T

Y =64.81 + 0.833 X; + 14.00 X, + 13.95 X2 - 9.23 X2 + 4.75 X, %o
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Fig. 16. Response surface plots of vitreous for Cham 1 (16 A) and Cham 3 (16

B) as a function of irrigation and nitrogen levels in 1993-1994
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Fig. 17. Contour maps of vitreous for Cham 1 (14 A) and Cham 3 (14 B) as a

function of irrigation and nitrogen levels in 1993-1994
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Table 26. Analysis of variance of flour color for Cham 1 in 1993-1994

SV df SS MS F
Total 26 11.22
Model 5 0.43 0.08 0.17
Linear 2 0.24 0.12 0.23
b; 1 0.22 022 0.43
b, 1 0.02 0.02 0.05
Quadratic and
interaction 3 0.178 0.059 0.11
by 1 0.160 0.160 0.32
b2 1 0.015 0.015 0.03
b1z 1 0.003 0.003 0.01
Error 21 10.780 0.510
Lack of fit 3 2.540 0.846 1.85
Exp. error 18 8.240 0.457

R*= 0.0387 (P> 0.05) CV= 1137
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¥ =6215+0.10 X, +0.027 X, + 0.178 X, - 0.039 X;* + 0.001 X, X,
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Table 27. Analysis of variance of flour color for Cham 3 in 1993-1994

Y df S8 MS .
Total 26 18.30
Model 5 10.50 2.10 5.66%*
Linear 2 5.22 2.60 7.02%
b; 1 4.50 4.50 12.12**
b, 1 0.72 0.72 1.94
Quadratic and
interaction 3 5.28 1.76 4.75*
bi1 1 2.94 2.94 7.92%
bay 1 0.42 0.42 1.15
by, 1 1.92 1.92 5.17%
Error 21 7.80 0.37
Lack of fit ~ 3 0.86 0.28 0.73
Exp. error 18 6.94 0.38

T R’= 05739 (P<0.01) CV = 10.86

I e 0.01 50.05 5 un i g T

¥ =5.321-0.499 X, + 0.20 X, + 0.70 X;% - 0.267 X, + 0.40 X; X,
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Fig. 18. Response surface plots of flour color for Cham 1 (18 A) and Cham 3
(18 B) as a function of irrigation and nitrogen levels in 1993-1994
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Fig. 19. Contour maps of flour color for Cham 1 (19 A) and Cham 3 (19 B) as

a function of irrigation and nitrogen levels in 1993-1994
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Table 28. Analysis of variance of grain yield for Cham 1 in 1994-1995

SV df SS MS F
Total 26 13637705.85
Model 5 7314500.92 1462900.18 4.86**
Linear 2 5718509.89 2859254.69 0.49%*
by 1 2928200.00 2928200.00 9.72%*
b, 1 2790309.39 2790309.39 9.27**
Quadratic and
interaction 3 2395991.54 865330.51 2.87
b1y 1 174990.30 174990.30 0.58
bz, 1 1367400.91 1367400.91 4.54*
b1z ] 1 53600.33 53600.33 0.18
Error 21 6323204.92 301104.99
Lack of fit 3 662128.90 220709.63 0.70
Exp. error 18 5661076.00 314504.22

R’= 0.5363 (P <0.01) CV = 10.73

- J de 0.01 5 0.05 5 pmn die By g ¥ T
Y =5317.69 +403.33 X, +393.72 X, + 170.94 X, - 477.86 X,* + 66.83 X, X,




de ) Bl ‘:f.f leles (9) Jtdl 5 3l s Y1 o) o8l sl
LJ‘M LfJUgsk’Jsﬂ;Lﬂ%dlf.iJ).Chamlw SCCham:;‘R:Hu . H

US55 s B pne b lack of fit "edldl el A ST 4B Ll L Bl
C T AR eV 5 g g L il ISl e 149,71 oDzl ST

Table 29. Analysis of variance of grain yield for Cham 3 in 1994-1995

Sv df SS MS F
Total 26 12762834.29
Model ' 5 6344858.00 1268971.60 4.15%%*
Linear 5001281.80 2506640.90 $8.18%%
b, 3913469.39 3913469.39 12.81%*
b, 1087812.50 1087812.50 3.56
Quadratic and _
interaction 1343576.10 447858.70 1.46
b1 575567.13 575567.13 1.88
b2, 319088.90 319088.90 1.04
b1z 448920.08 448920.08 1.47
Error 6417976.28 305617.91
Lack of fit 1080723.80 306241.26 1.21
Exp. error 5337252.40 296514.02

R*= 0.4971 (P <0.05) CV= 1138

- JA e 0.01 50.05 gt e By s TF T

Y =5172.24 +466.27 X, + 245 83 X, + 87.58 X,2 - 453.28 X, + 193 .41 X, X,
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Fig. 20. Response surface plots of grain yield for Cham 1 (20 A) and Cham 3

(20 B) as a function of irrigation and nitrdgen levels in 1994-95
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Fig. 21. Contour maps of grain yield for Cham 1 (21 A) and Cham 3 (21 B) as

a function of irrigation and nitrogen levels in 1994-1995
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Table 30. Analysis of variance of spikes/m” for Cham 1 in 1994-1995

SV df SS MS F
Total 26 272718.51
Medel 5 82398.14 16479.62 1.82
Linear 2 51423.60 25711.80 2.83
b; ' 1 42534.72 42534.72 4.69*
b2 1 '8888.88 8888.88 0.98
Quadratic and S
interaction 3 30974.53 10324.84 1.14
b 1 16189.35 16189.35 1.79
b2, I 1451.85 1451.85 0.16
b1z 1 13333.33 13333.33 1.47
Error 21 190320.37 9062.87
Lack of fit 3 9337.00 3112.33 031
Exp. error 18 180983.37 10054.63

R’= 0.3021 (P> 0.05) CV = 2151

** x
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Table 31. Analysis of variance of spikes / m* for Cham 3 in 1994-1995

SV df SS MS F
Total 26 315974.07
Model .5 141822.45 28364.49 3.42%*
Linear 2 80318.05 40159.02 4.48*
b, 1 69068.05 69068.05 8.33%*
b, : 1 11250.00 11250.00 1.36
Quadratic.and .
interaction 3 61504.39 20501.46 2.47
by 1 1611.57 1611.57 0.19
b2, 1 39474.07 39474.07 4.76%
b2 1 20418.75 20418.75 2.46
Error 21 174151.62 8292.93
Lack of fit ) 3 47034.94 15678.31 222
Exp. error 18 127116.68 7062.03

R*= 0.4488 (P <0.05) CV= 2169

- D Je 0.01 50.05 s e dy e *F T
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Fig. 22. Response surface plots of spikes / m* for Cham 1 (22 A) and Cham 3
(22 B) as a function of irrigation and nitrogen levels in 1994-1995
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Fig. 23. Contour maps of spikes/m” for Cham 1 (23 A) and Cham 3 (23 B) as

a function of irrigation and nitrogen levels in 1994-1995
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Table 32. Analysis of variance of kernels /spike for Cham 1 in 1994—1995

SV df SS MS F
Total 26 1428.00
Model 5 952.55 190.51 8.41%*
Linear 2 924.55 214.77 9.48%*
by 1 37.55 37.55 1.66
b, 1 39200 1392.00 17.31%*
Quadratic and |
interaction 3 522.99 174.33 7.70%*
by, 1 216.00 216.00 9.54%*
- 1 266.66 266.66 11.78%*
b, 1 40.33 40.33 1.78
Error 21 475.44 22.64
Lack of fit 3 68.12 22.70 1.00
Exp. error 18 407.32 22.62

R’= 0.6670 (P <0.01) CV = 10.26

- HsP A2 0,01 50.05 (5 mmn die 3y gme ¥F F

Y =54.76 - 1.44 X, + 4.66 X5 - 6.00 X,> - 6.67 X,? - 1.83 XX,
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Table 33. Analysis of variance of kernels/spike for Cham 3 in 1994-1995

Sv df SS MS F
Total 26 1012.51
Model 5 - 709.56 141.91 9.84%*
Linear 2 481.00 240.50 16.67**
by 1 0.50 0.50 0.03
b, 1 480.50 480.50 33.31** ‘
Quadratic and . _
interaction 3 228.56 76.18 5.25%*
b 1 25.35 2535 1.76
bz, 1 196.46 196.46 13.62%*
bz 1 6.75 6.75 0.47
Error 21 302.95 14.42
Lack of fit ' 3 43.63 14.52 1.01
Exp. error 18 259.32 14.40

R?= 0.7008 (P <0.01) CV= 9.88

A L 0.01 50.05 (5 s e By pian **

Y =43.58 +0.166 X;+5.16 Xz -2.05 X;%- 5.72 X7 - 0.75 X1 X,
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Fig. 24. Response surface plots of kernels/spike for Cham 1 (24 A) and Cham
3 (24 B) as a function of irrigation and nitrogen levels in 1994-1995
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Fig. 25. Contour maps of kernels/spike for Cham 1 (25 A) and Cham 3 (25 B)

as a function of irrigation and nitrogen levels in 1994-1995
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Table 34. Analysis of variance of TKW for Cham 1 in 1994-1995
SV df SS MS F
Total 26 179.83
Model 5 96.58 19.31 4 87**
Linear 2 39.32 19.66 4.96**
by 1 3872 3872 9 77*x
b, 1 0.60 0.60 0.15
Quadratic and
interaction 3 57.25 19.08 4.81%
b 1 49.69 49.69 12.53**
b2, 1 2.36 2.36 0.60
bia 1 5.20 5.20 1.31
Error 21 83.25 3.96
Lack of fit 3 1.86 0.62 0.13
Exp. error 18 81.39 4.52

R’= 0.5370 (P<0.01) CV = 5.66

- S e 0.01 50.05 (5 stmn s By pma ¥ F
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Table 35. Analysis of variance of TKW for Cham 3 in 1994-1995

Sv df SS MS F

Total 26 101.80

Model 5 56.44 11.28 5.23%*

Linear - 2 24.45 12.22 5.66%*

b, ‘ 1 22.89 22.89 - 10.60**

b, 1 1.56 1.56 0.72

Quadratic and ‘

interaction 3 31.98 10.66 4.97**

by 1 2831 - 2831 13.11%%

b2, 1 1.15 1.15 0.54
by | 2.52 2.52 1.17

Error 21 45.36 2.16

Lack of fit 3 4.01 1.33 0.50

Exp. error 18 41.35 _ 229

R*= 0.5544 (P <0.01) CV= 383

*

S Je 0,01 50.05 (6 g ke Bygas T

Y =3837-1.11X;+ 0311 X, +2.19 X2+ 0.456 X,? - 0.433 X, X,




OK.LE.&.(26%".55)&:{;;.43\%1;-JQ\OJJ&;&L‘*bbL_;)‘};‘UOKw
L&ﬁ(@\.ﬂiéw\uajbu"&.ﬁqsbjbgL—;Lﬂ\gw\xﬁgf&g}_})&f
(.L_;‘;qu'.b&,;-&&,c‘bs;ij.(zsAJQ:Js).Jﬂdeswom;ﬁoK
tkallodn 3 Y el sty 3Gl

0ol s.'u;\;)-sﬂ_%u@msdwxwoggﬂﬂa;jyfof(zéB)wsﬁ
G bty U W e gl B 035 el 05Ty ¢ oY1y s s el e
ikl ode B Bede GG d Sl Sy el

43 ~

42 -

41

48 -

39

38 - ".‘: .

Fig. 26. Response surface plots of TKW for Cham 1 (26 A) and Cham 3 (26 B)

as a function of irrigation and nitrogen levels in 1994-1995
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Fig. 27. Contour maps of TKW for Cham 1 (27 A) and (27 B) as a function of

irrigation and nitrogen levels in 1994-1995
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Table 36. Analysis of variance of SDS test for Cham 1 in 1994-1995

Sv df SS MS F
Total 26 268.29 _
Model 5 111.56 2231 2.99%
Linear 2 76.93 38.46 5.15*
b, 1 56.88 56.88 - 7.62%
b, 1 20.05 20.05 2.69
Quadratic and
interaction 3 34.61 11.53 1.54
bn 1 8.96 8.96 1.20
b2, 1 11.57 11.57 1.55
bi2 1 14.08 14.08 1.89
Error 21 156.73 7.46
Lack of fit 3 36.74 12.24 1.83
Exp. error 18 119.99 6.66

R’= 0.4158 (P>0.05) CV = 10.76

- S e 0.01 5 0.05 S stume die &y gune ** *

Y =23.63 +1.777 X, - 1.055 X, + 1.223 X,2+ 1.390 X,2 - 1.0833 X, X,
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Table 37. Analysis of variance of SDS test for Cham 3 in 1994-1995

SV af SS MS F
Total 26 360.07
Model 5 139.78 27.95 2.67
Linear 2 132.72 66.36 6.32%*
b; 1 - 98.00 98.00 0.34%*
. 1 34.72 34.72 3.31
- Quadratic and
interaction 3 7.04 2.35 0.22
b1 1 0.29 0.29 0.03
b2, : 1 0.01 0.01 0.00
b1a 1 6.75 6.75 0.64
Error 21 122028 10.49
Lack of fit 3 19.62 6.54 0.58
Exp. error 18 200.66 11.14
R*= 0.3882 (P> 0.05) CV= 879

A e 0.01 50.05 (6 gn die By gan ¥

Y =36.62+233 X; - 1.38 X+ 0.222 X;2 + 0.055 X,2 - 0.75 X, X,
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Fig. 26. Response surface plots of SDS test for Cham 1 (26 A) and Cham 3
(26 B) as a function of irrigation and nitrogen levels in 1994-1995
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Fig. 29. Contour maps of SDS test for Cham 1 (29 A) and Cham 3 (29 B) as a

function of irrigation and nitrogen levels in 1994-1995
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Table 38. Analysis of variance of SDSI for Cham 1 in 1994-1995

SV df ss MS F
Total 26 1.310
Model 5 0.390 0.078 1.78
Linear 2 0.093 0.046 1.05
b, 1 0.013 0.013 0.32
b, ' 1 0.080 0.080 1.82
Quadratic and ’
interaction 3 . 0.289 0.099 2.16
bu: 1 0.155 0.155 3.54
b, 1 0.070 0.070 1.68
[3%3 1 0.060 0.060 1.53
Error 21 0.925 0.044
Lack of fit 3 0.192 0.064 1.60
Exp. error 18 0.733 0.040

R’= 0.2972 (P> 0.05) CV= 1147

.,&;3):5* ‘_,#0.01)0.05 (5}3»»&93-3jw** c*

Y =1.648 + 0.027 X, - 0.066 X, + 0.161 X, +0.111 X5* - 0.075 X; X,




Table 39. Analysis of variance of SDSI for Cham 3 in 1994-1995

SV df SS MS F
Total 26 1.730
Model 5 0.364 0.072 1.12
Linear 2 0.320 0.160 2.46
b; 1 0.160 0.160 2.46
b, 1 0.160 0.160 2.46
Quadratic and
interaction -3 0.043 0.014 0.22
b1 1 0.022 0.022 0.34
bz, - 1 0.001 0.001 0.00
bj, 1 0.021 0.021 0.32
Error 21 1.370 0.065 .
Lack of fit 3 0.157 0.052 0.77
Exp. error 18 1.213 0.067

R’= 02099 (P> 0.05) CV= 936

Y =2.69 +0.094 X, - 0.094 X, + 0.061 X, - 0.005 X2 -0.041 X, X,
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Fig. 30. Response surface plots of SDSI for Cham 1 (30 A ) and Cham 3 (30 B)

as a function of irrigation and nitrogen levels in 1994-1995
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Fig. 31. Contour maps of SDSI for Cham 1 (31 A ) and Cham 3 (31 B)asa

function of irrigation and nitrogen levels in 1994-1995
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Table 40. Analysis of variance of protein % for Cham 1 in 1994-1995

SV df SS MS F
Total 26 19.76
Model 5 10.14 2.03 4.43%*
Linear - 2 9.06 453 . 0.89%x
by 1 8.26 8.26 18.05%*
b, -1 0.80 0.80 1.75
Quadratic and }
interaction 3 047 0.15 0.34
b1y 1 0.81 | 0.81 1.76
b2, 1 0.02 0.02 0.06
b2 1 0.24 0.24 0.53
Error 21 9.62 0.46
Lack of fit 3 0.26 0.08 0.15
Exp. error 18 9.36 ) 0.52

R’= 05132 (P <0.05) CV = 485

- Al (Ao 0.01 50.05 § smmn Lie By s 7K

Y =14.22+0.677 X, - 0.211 X, - 0.367 X, - 0.066 X,° + 0.14 X, X,
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Table 41. Analysis of variance of protein % for Cham 3 in 1994-1995

Sv df SS MS F

Total 26 9.622

Model 5 2.570 0.515 1.54
~ Linear 2 1.780 0.890 2.65

by 1 1.620 . 1.620 4.83*

b, 1 0.160 0.160 0.48

Quadratic and

interaction 3 0.796 0.265 0.79

b1 1 - 0.267 0.267 . 0.80

ba: 1 0.342 0.342 1.02

b1, 1 0.187 0.187 0.56

Error 21 7.040 0.335

Lack of fit 3 0.485 0.161 0.44
‘ Exp. error 18 6.555 0.364

R*= 0.2678 (P> 0.05) CV= 428

- JA A2 0.01 50.05 ¢ s e Gy gna T

- Y =13.511+030X;-0.094 X;-0211 X;*+0.239 X2+ 0.125 X, X
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Fig. 32. Response surface plots of protein % for Cham 1 (32 A) and Cham 3
(32 B) as a function of irrigation and nitrogen levels in 1994-1995
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Fig. 33. Contour maps of protein % for Cham 1 (33 A) and Cham 3 (33 B) as

a function of irrigation and nitrogen levels in 1994-1995
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Table 42. Analysis of variance of vitreous for Cham 1 in 1994-1995

Sv df SS MS F
Total 26 20.66
Model 5 3.77 0.75 0.94
Linear 2 1.60 0.80 10.99
b; 1 0.22 0.22 0.28
b, 1 1.38 1.38 1.73
Quadratic and
interaction 3 2.16 0.72 0.89
b1 1 0.66 0.66 0.83
b2, 1 0.16 0.16 0.21
b1 1 1.33 1.33 1.66
Error - 21 16.88 0.80 '
Lack of fit 3 222 0.74 0.91
Exp. error 18 14.66 0.81

R*= 0.1827 (P> 0.05) CV=9.07

- S A2 0.01 5 0.05 s san wie & g *F X

Y =98.88+0.111 X, + 0.277 X5 -0.333 X;* +0.166 X,2 - 0.333X,X,
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Table 43. Analysis of variance of vitreous for Cham 3 in 1994-1995

SV df SS MS F
Total 26 14.96
Model 5 5.15 1.03 2.20
Linear 2 3.55 1.77 3.38*
b, 1 3.54 3.54 7.61*
b, 1 0.01 0.01 0.00
Quadratic and
interaction 3 1.58 0.51 1.13
b 1 1.18 1.18 2.54
bz, 1 0.07 0.07 0.16
bz 1 0.33 0.33 0.71
Error 21 9.81 0.46
Lack of fit 3 1.15 0.38 0.79
Exp. error 18 8.66 0.48

R?= 0.3440 (P> 0.05) CV = 6.90

o o 4o 0.01 5 0.05 (5 gn dzs By game ¥F

* ¥

Y =99.40 + 0.444 X, + 0.001 X, - 0.444 X2 -0.111 X5 - 0.166 X, X,
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Fig. 34. Response surface plots of vitreous for Cham 1 (34 A) and Cham 3 (34

B) as a function of irrigation and nitrogen levels in 1994-1995
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Fig. 35. Contour maps of vitreous % for Cham 1 (35 A) and Cham 3 (35B)

as a function of irrigation and nitrogen levels in 1994-1995
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Table 44. Analysis of variance of flour color for Cham 1 in 1994-1995

SV df SS MS F
Total 26 15.85
Model 5 7.83 1.56 4.11%*
Linear 2 5.51 2.76 7.29%*
b, | 1 5.01 5.01 13.13**
b, 1 0.50 ©0.50 131
Quadratic and |
interaction 3 2.31 0.77 2.02
by 1 0.11 0.11 0.30
b, 1 1.18 1.18 3.10
b1 1 1.02 1.02 2.67
Error 21 8.01 0.38
Lack of fit 3 0.51 0.17 0.41
Exp. error 18 7.49 0.41

R’= 04943 (P <0.05) CV= 961

o DA Ao 0.01 50.05 (6 s i @ gaa ¥* F

Y =6.62+0.527 X;.+ 0.166 X, + 0.139 X2 - 0.444 X2 +0.291 X, X,
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Table 45. Analysis of variance of flour color for Cham 3 in 1994-1995

SV df SS MS F
Total 26 12.66
Model 5 2.05 0.41 0.81
Linear 2 0.35 017 0.34
b, 1 0.12 0.12 0.25
b, ' 1 0.22 0.22 0.44
Quadratic and ‘ 3
interaction 3 - L71 0.57 1.12
b1 1 0.37 0.37 0.74
bz, 1 0.01 0.01 0.00
b1 1 1.32 1.32 2.64
Error 21 10.61 0.50
Lack of fit 3 0.62 0.20 0.37
Exp. error 18 9.99 0.55

R’= 0.1622 (P >0.05) CV = 10.86

- A 12 0.01 50.05 5 gmn dis & gma ** K

¥ =694+0.083 X,+0.111 Xz - 0.25 X2+ 0.003 X,2 + 0.333 X, X,
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Fig. 36. Response surface plots of flour color for Cham 1 (36 A) and Cham 3

(36 B) as a function of irrigation and nitrogen levels in 1994-1995
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a function of irrigation and nitrogen levels in 1994-1995
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Table 46. Observed means for grain yield and yield components in 1993/1994

Genotypes yield spikes /m*  Kkernels / TKW (g) kernels w/
(kg/ha) spike spike (g)
Massara-1 5051 302 39 42.60 1.690
Genil-4 4918 347 33 48.15 1.505
Daki 4850 302 45 43.80 1.975
Om Rabi-5 4825 330 34 43.90 1.490
Cham-1 4781 270 37 41.25 1.570
Om Ruf-3 4607 307 39 41.80 1.540
Sabil-1 4548 272 39 46.50 1.890
Om Rabi-3 4522 297 36 44.55 1.710
Cham-3 4400 342 32 43.10 1.400
Stojocri-3 4400 317 34 44.70 1.500
Om Ruf-2 4378 265 39 40.95 1.635
Akrache 4375 345 28 49.65 1.460
Brachoua - 4351 | 285 42 42.65 1.905
Lahn 4335 277 43 52.30 2.165
Genil-5 4200 327 - -39 45.05 1.785
Genil-3 4076 287 40 48.10 1.940

S ¢ (P <0.01) L & yims 2m il 0 thaa) BV o Gy il IS LS
hrall 3455 . Lahn Cisall b 52.30 ) Om Ruf-2 Canall 40,95 o 050 s
(47 J gy il S e L 14 e 24l ede S Lahn

A Aol O 05 Akl DLW e 3y, ST B s L L
A3y sl Lahn § 216 () izl Chame3 § 140 e o 4l 55 ¢ (P < 0.01)
(47 Jgendly bl LAY L 11 P L s Lahn call 8 45

ot s i b Bl 8 b dia) BLGY B A oS 5,
(48 J M) Daki izall o 30.81 Ji Brachoua cieall ’per 21,63




Table 47. Adjusted means for grain yield and yield components in 1993/1994

Genotypes yield spikes /m*  kernels / TKW (g)  kernels w/
(kg/ha) spike spike (g)

Massara-1 5051 302 39 42.16 1.690
Genil-4 4918 347 33 48.02 1.505
Daki 4850 302 45 43.99 1.975
Om Rabi-5 4825 330 34 43.99 1.490
Cham-1 4781 270 37 41.35 1.570
Om Ruf-3 4607 307 39 42.04 1.540
Sabil-1 4548 272 39 46.64 1.890
Om Rabi-3 4522 297 36 4432 1.710
Cham-3 4400 342 32 43.03 1.400
Stojocri-3 4400 317 A34 44 85 1.500
Om Ruf-2 4378 265 39 40.83 1.635
Akrache 4375 345 28 49.76 1.460
Brachoua 4351 285 42 42.63 1.905
Lahn 4335 277 43 52.48 2.165
Genil-5 4200 327 39 4491 1.785
Genil-3 4076 287 40 48.19 1.940
X 4539 305 38 4495 1.697
significance?t n.s n.s h.s h.s h.s

- MS error 110638.33 1166.65 7.76 2.17 0.025
FPLSD ¢,05 708.71 75.35 6.30 3.33 0.369
CV % 7.69 11.20 7.39 3.27 9.36

T n.s: not significant, s: significant, h.s: highly significant.

(P <0.01) dgins dnadt folo b i) GLLYI e Gy i S 2 g ay
. (48 J a2y Om Rabi-5 Cavall o 15.95 ) Lahn Cazall - 4.95 o Sty 5
el Lo o Lo 13 e il sdigs U yins Om RabicS ciall 3,5 35,

. (49 J).b.d\)




Table 48. Observed means for morphological charcaters in 1993/1994

genotypes  Spikelets / spike spike peduncle leaf area
spike width (cm) length(cm) length(cm) (cm?)
Massara-1 17.10 1.420 5.73 15.20 26.66
Genil-4 17.30 1310 551 925 2837
Daki 17.30 1.440 5.79 6.35 30.81
Om Rabi-5 16.50 1.360 5.33 15.95 27.84
Cham-1 18.50 1.220 6.50 6.30 25.82
Om Ruf-3 17.47 1.150 6.39 6.85 24.84
Sabil-1 16.80 1.360 6.14 6.90 2481
Om Rabi-3 16.70 1.470 5.63 11.70 29.02
Cham-3 16.50 1.320 5.58 7.85 24.90

Stojocri-3 17.50 1.250 5.84 11.70 26.24 .
Om Ruf-2 16.00 1.470 5.18 8.95 24.08
Akrache 15.40 1.380 - 5.64 9.85 28.89
Brachoua 16.60 1.350 5.92 9.10 21.63
Lahn 17.80 1.530 6.20 495 . 2674
Genil-5 18.10 1.360 6.09 9.20 25.15
Genil-3 17.70 1.410 6.04 8.95 24.03

o Sl iy (P < 0.01) A gime Al b Rbad BLYI 1y By 4 el LS
Cham-1 aall 8545 43 y. Cham-1 Cazall o 6.50 | Om Ruf-2 Caral) o~ 5.18
C (49 J sty dn gyl BLLY o Lo 13 e 22l ol L sine

o el g (P <0.05) dpime il o e tiaa) Sl o By IS 5,
il 55 5y . (48 J gty Lahn caiall oo 153 ) Om Ruf-3 Canal) o 1.15
- (49 J gy Ze gl LYY 0 B OLsl 5 e Lahn

CREPET W U VA LS W JJJMJLM?*wJJJ_A“ c.:lf.l_is(f\;
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Table 49. Adjusted means for morphological charcaters in 1993/1994

genotypes spikelets / spike spike peduncle  leaf area
spike width (cm) length(cm) length(cm) (cm?)
Massara-1 16.94 1.410 5.68 15.36 26.66
Genil-4 17.35 1.313 5.57 9.08 28.37
Daki 17.43 1.436 5.82 6.28 30.81
Om Rabi-5 16.41 1.365 5.53 15.86 27.84
Cham-1 18.74 1.228 6.62 6.51 25.82
Om Ruf-3 17.30 1.147 6.29 6.54 24.84
Sabil-1 16.65 1.365 6.02 6.58 24.81
Om Rabi-3 16.48 1.459 5.48 12.02 29.02
Cham-3 16.57 1.326 5.56 737 24.90
Stojocri-3 17.53 1.262 5.88 11.60 26.24
Om Ruf-2 16.14 1.476 5.30 8.71 24.08
Akrache 15.66 1.391 5.81 9.99 28.89
Brachoua 16.86 1.346 5.92 9.64 21.63
Lahn 17.84 1.520 6.18 6.95 26.74
Genil-5 17.86 1.341 5.95 - 9.53 25.15
Genil-3 17.76 1.412 6.09 8.94 24.03
X 17.08 1.362 5.84 9.31 26.24
significance?t s s h.s h.s n.s
MS error 0.44 0.007 0.04 2.74 928
FPLSD ¢.05 1.50 0.189 0.47 3.74 6.49
CV % 3.87 6.16 3.61 17.78 11.97

* n.s: not significant, s: significant, h.s: highly significant.
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Table 50. Observed means for technological characters of kernel in 1993/1994

genotypes  flour color vitreous% SDSI SDS (ml) protein %
Massara-1 5.50 95.50 1.500 19.50 11.90
Genil-4 6.05 97.50 1.650 21.00 12.70
Daki 4.45 95.00 1.700 21.00 12.35
Om Rabi-5 6.50 97.50 1.550 20.00 12.95
Cham-1 6.15 ©98.00 1.600 20.00 12.70
Om Ruf-3 5.20 96.00 1.900 22.50 12.00
Sabil-1 5.65 97.00 1.550 20.00 13.05
Om Rabi-3  5.80 98.50 1.800 23.00 12.55
Cham-3 | 7.45 87.00 1.550 20.00 12.90
Stojocri-3 6.95 99.00 1.450 18.00 12.60
Om Ruf-2 5.70 95.00 1.650 19.50 12.06
Akrache - 7.30 98.00 1.740 23.50 13.60
Brachoua 5.00 95.50 1.700 20.50 12.15
Lahn 4.95 93.50 1.850 22.50 12.50
Genil-5 5.45 95.50 1.650 20.50 12.35
Genil-3 4.35 95.00 1.450 17.50 12.00
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Table S1. Adjusted means for technological characters of kernel in 1993/1994

genotypes flour color  vitreous% SDSI SDS (ml)  protein %
Massara-1 5.40 95.50 1.500 19.50 11.80
Genil-4 6.05 97.50 1.650 21.00 12.96
Daki 4.45 95.00 1.700 21.00 12.45
Om Rabi-5 6.50 97.50 1.550 20.00 12.88
Cham-1 6.15 98.00 1.600 20.00 12.73
Om Ruf-3 5.20 96.00 1.900 - 22.50 11.90
Sabil-1 5.65 97.00 1.550 20.00 12.88
Om Rabi-3 5.80 © 98.50 1.800 23.00 - 12.57
Cham-3 7.45 97.00 1.550 20.00 12.60
Stejocri-3 6.95 99.00 1.450 18.00 12.53
Om Ruf-2 5.70 95.00 1.650 19.50 11.85
Akrache 7.30 98.00 1.740 23.50 13.62
Brachoua 5.00 95.50 1.700 20.50 12.57
Lahn 495 93.50 1.850 22.50 12.74
Genil-5 5.45 95.50 1.650 20.50 12.35
Genil-3 435 95.00 1.450 17.50 12.16
X 5.77 96.47 - 1.640 20.47 12.52
significancet n.s n.s n.s n.s n.s
MS error 0.81 1.64 0.024 333 0.20
FPLSD .05 2.04 2.89 0.356 4.13 1.02
CV% 15.66 1.32 9.60 8.92 3.61

T n.s: not significant, s: significant, h.s: highly significant.
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Table 52. Relative contribution of independent variables in yield and yield
componenets according to regression equation during 1993/1994

equation independent t relative  total cont. F
no, variables cont. (%)
1 TKW 2.17% 21.05

leaf area 2.49* 18.31 39.36 4.21%
2 kernels/ spike 3.51% 46.80 46.80 12.33**
3 kernels w. / spike 13.34** 70.79

TKW 6.60%* 22.50 93.29 90.46%**
4 protein % 2.72* 19.67

spike width 2.99* 16.47

kernels/ spike 2.37* 15.43

spikelets/ spike 2.51* 14.45

flour color 2.67* 6.61 - 72.63 5.30*
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Table 53. Factor analysis for grain yield and related characters in 1993/1994

Factors loading
Characters 1 2 3 4 5 communality

Grain yield (kg/ha)

00048 00477 -0.1607 03927 08004 08231

. 2 i ol e K -
No. of spikes / m 7 0.0977 -02327 02966 0.1930 0.6402

No.ofkernels/spike 0375 01919 01375 01220 00166  0.9313

TEW @ -0.0175 -0.0343  0.1403 09415 -0.0152  0.9080

Remel weightispike ) 5685 00888 01702 0359 00600 09241

2 L
Falg leaf area (cm’) 01964 -0.1493 00113 03758 0809  0.8578

Peduncie length (cm) Rt 201150 0.2370 0.8981

02159 -03931 079

Spike length (cm) 03318 -0.0279 -0.0089  0.8822

Spike width (cm) 0.5426 206371 00433 04285 00823 08926

Spikelets / spike 03101 08679 -0.1589 0.0179 -0.0104 0.8752

Heading date (day) 02030 -0.3010 038543 00591 -0.1938  0.9027

Protein % 07382 01379 02718 0392 0.0764  0.8007

SDS 01178 01974 06379 01320 03964  0.6344
Vitreous (%) 08381 00647 02092 0.1010 01624  0.7703

Flour color 08761 -0.1119 -0.1384 01262 -0.1033 08260

Eigen values 51884 25446 2.1024 1.6063 1.1255 12.5674

. . .
Explained variance (%) 1, 5o jcoc 1402 1071 7.50
Cummulative explained

. 34.59 51.55 65.57 76.28 83.78
variance (%)
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Table 54. Observed means for grain yield and yield components in 1994/1995

Genotypes yield spikes /m*  TKW (2) kernels/  kernels w/
(kg/ha) spike spike (g)
Om Rabi-3 3340 275 40.45 37 1.56
Genil-3 3150 260 45.00 45 1.71
Om Rabi-5 2935 320 39.10 31 >1.24
Stojocri-3 2667 285 46.60 30 1.33
Genil-5 2580 337 41.10 38 1.61
Sabil-1 2573 307 4465 36 1.60
Cham-3 2557 342 42.85 - 37 1.56
Om Ruf-3 2557 287 41.71 51 1.81
Cham-1 2543 315 40.65 40 1.57
Lahn 2513 182 50.80 45 1.80
Genil-4 2508 222 42.10 40 1.58
Massara-1 2463 355 37.95 30 1.11
Brachoua 2262 260 42.45 40 1.74
Daki 2220 262 4235 41 1.69
Akrache 2028 . 305 50.30 22 1.12
Om Ruf-2 2025 222 4430 27 1.17
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Table SS. Adjusted means for grain yield and yield components in 1994/1995

Gehotypes yield spikes / m? TKW(g) kernels /  kernels w/
(kg/ha) spike spike (g)

Om Rabi-3 3229 275 40.39 36 1.50
Genil-3 3119 260 45.29 43 1.74
Om Rabi-5 2909 320 39.20 31 1.19
Stojocri-3 2649 285 46.43 30 1.34
Genil-5 2625 337 41.10 39 1.59
Sabil-1 2613 307 44.88 37 1.61
Cham-3 2597 342 42.97 38 1.59
Om Ruf-3 2566 287 40.97 54 1.86
Cham-1 2564 315 40.54 37 1.60
Lahn 2559 182 51.02 45 1.87
Genil-4 2515 222 42.29 40 1.63
Massara-1 2460 355 37.79 30 1.07
Brachoua 2226 260 41.99 39 1.68
Daki 2173 262 42.38 43 1.67
Akrache 2043 305 50.00 21 1.07
Om Ruf-2 1961 222 44.30 27 - 115
X 2555 284 4327 37 151
significancet $ n.s h.s h.s n.s
MS error  76897.67 3422 4.69 19.76 0.05
FPLSD o5  627.17 148.00 4.90 10.05 0.53
CV % 10.85 23.16 5.00 12.03 15.56

¥ n.s: not significant, s: significant, h.s: highly significant.
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Table 56. Observed means for morphological charcaters in 1994/1995

Genotypes spikelets/  spike spike peduncle plant - leaf area
spike width Jength jength height (cm?)
' Om Rabi-3 18.0 1.320 5.57 7.80 63.50 14.95
Genil-3 20.0 1300 630 13.85 75.50 16.10
Om Rabi-5 17.0 1.310 5.70 7.65 58.50 18.90
Stojocri-3 19.0 1.160 6.00 865  71.00 15.31
Genil-5 20.0 1.200 6.45 9.60 69.00 13.78
Sabil-1 19.0 1.400 6.40 9.00 60.50 16.58
Cham-3 20.0 1.360 6.00 7.25 63.00 14.90
Om Ruf-3 20.0 1.360 6.90 8.35 66.00 10.07
Cham-1 20.0 1.200 6.10 8.70  -64.00 15.57
Lahn 18.0 1.460 5.85 7.75 64.00 16.02
Genil-4 20.0 1.240 6.55 6.95 66.50 13.58
Massara-1 20.0 - 1.300 5.80 6.95 56.50 14.74
Brachoua 18.0 1.400 6.10 4.15 66.00 13.47
Daki 19.0 1.450 6.20 10.50 60.50 10.30
Akrache 170 1190 5.75 605 6850 1613

Om Ruf-2 19.0 1.440 5.80 12.00 60.00 14.85
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Table 57. Adjusted means for morphological charcaters in 1994/1995

Genotypes spikelets / spike spike peduncle plant leaf area
spike width length length height (cm?)
Om Rabi-3 18.0 1.320 5.57 7.80 63.50 14.95
Genil-3 20.0 1.300 6.30 13.85 75.50 16.10
Om Rabi-5 17.0 1.310 5.70 7.65 58.50 18.90
Stojocri-3 19.0 1.160 6.00 8.65 71.00 15.31
Genil-5 20.0 1.200 6.45 9.60 69.00 13.78
Sabil-1 19.0 1.400 6.40 9.00 60.50 16.58
Cham-3 20.0 1.360 6.00 7.25 63.00 14.90
Om Ruf-3 20.0 1.360 6.90 8.35 66.00 10.07
Cham-1 . 200 1.200 6.10 870 64.00 15.57
Lahn 18.0 1.460 5.85 7.75 64.00 16.02
Genil-4 20.0 1.240 6.55 6.95 66.50 =~ 13.58
Massara-1 20.0 1.300 5.80 6.95 56.50 14.74
Brachoua 18.0 1.400 6.10 4.15 66.00 13.47
Daki 19.0 1.450 6.20 10.50 60.50 10.30
Akrache 17.0 1.190 575 6.05 68.50 16.13
Om Ruf-2 19.0 1.440 5.80 12.00 60.00 14.85
X 19.0 1.418 6.09 8.57 64.56 15.09
significance?t h.s s S h.s s n.s
MS error 0.45 0.004 0.09 2.33 14.99 10.97
FPLSD g.0¢ 1.52 0.153 0.67 3.45 8.75 7.18
CV % 3.53 515 . 4589 17.81 5.99 21.95

T n.s: not significant, s: significant, h.s: highly significant.
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Table 58. Observed means for technological charcaters in 1994/1995

protein %

Genotypes flour color  vitreous SDSI SDS

Om Rabi-3 6.00 81.50 2.10. 22.50 10.85
Genil-3 3.75 - 98.50 2.75 27.50 10.15
Om Rabi-5 5.75 97.50 2.40 31.50 13.30
Stojocri-3 6.00 69.00 2.95 33.50 11.15
Genil-5 5.00 99.00 3.00 36.50 12.00
Sabil-1 5.75 97.50 2.40 29.00 12.15
Cham-3 6.75 96.00 2.55 33.00 12.90
Om Ruf-3 4.50 98.50 2.10 26.50 12.70
Cham-1 6.00 " 93.50 1.85 21.50 11.70
Lahn 5.00 96.50 1.95 22.50 11.60
Genil-4 5.75 98.00 2.85 34.00 12.10
Massara-1 5.25 97.00 2.45 30.00 12.20
Brachoua 5.75 92.50 2.60 28.00 10.80
Daki 4.75 97.00 1.80 21.00 11.65
Akrache 6.00 95.00 2.45 32.50 13.35
Om Ruf-2 5.25 97.50 2.05 27.00 13.20
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Table 59. Adjusted means for technological charcaters in 1994/1995

Genotypes  flour color  vitreous SDSI SDS protein %
Om Rabi-3 6.00 81.50 2.10 22.50 10.85
Genil-3 3.75 98.50 2.75 27.50 10.15
Om Rabi-5 5.75 97.50 2.40 31.50 13.30
Stojocri-3 6.00 69.00 2.95 33.50 11.15
Genil-5 5.00 99.00 3.00 36.50 12.00
Sabil-1 5.75 97.50 2.40 25.00 12.15
Cham-3 6.75 96.00 2.55 33.00 12.90
Om Ruf-3 4.50 98.50 2:10 26.50 12.70
Cham-1 6.00 93.50 1.85 21.50 11.70
Lahn 5.00 96.50 1.95 22.50 11.60
Genil-_4 5.75 98.00 2.85 34.00 12.10
Massara-1 5.25 97.00 2.45 30.00 12.20
Brachoua 5.75 92.50 2.60 28.00 '10.80
Daki 4.75 97.00 1.80 21.00 11.65
Akrache 6.00 95.00 2.45 32.50 13.35
Om Ruf-2 5.25 97.50 2.05 27.00 13.20 .
X 5.45 94.03 2.39 28.53 11.98

. significance? h.s n.s h.s n.s n.s
MS error 0.09 136.25 0.029 20.06 2.08
FPLSD g5 0.67 24.40 0.39 10.13 3.26
CV % 5.50 12.41 7.21 15.69 12.03

T n.s: not significant, s: significant, h.s: highly significant.
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Table 60.

Relative contribution of independent variables in yield and yield
componenets according to regression equation during 1994/1995.

total cont.

equation independent t relative F
no. variables cont. (%)
1 flag leaf area 3.68** 23.73

heading date 4.33%* 21.36

protein % 5.39** 20.88

spikes / m® 3.42%* 17.55 83.52  13.94%*
2 kernels weight / spike ~ 2.68* 34.29

No. kernles / spike 3.63%* 23.14

spike width 3.97** 13.97

plant height 2.24* 7.35

SDS 2.89* 6.67 85.42 11.72**
3 spike length 5.67** 51.42

SDS 3.17** 16.31

TKW 3.00* 13.87 81.60 17.75%*
4 spikes / m* 2.33* 24.60

kernels/ spike 2.25*% 21.19 45.79 5.49%
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Table 61. Factor analysis for grain yield and related characters in 1994/1995

Factors loading

Characters 1 2 3 4 communality
Grain yield (kg/ha) 01457 01877 -02971 0.4063 - 0.8378
No. of spikes / m’ 0.0840 -0.2205 0.3822 03335 00337 0.8978
No. of kernels / spike 9 01097 02207 00324 00631 08380
TKW () 03854 03812 -02473 01075 04816  0.5986
Kernels w /spike (g) o -0.2872 02943 -0.1232 0.7496
Falg leaf area (cm’) -0.4131 1'0-*73,2;1. 0.1450 0.7553
Plant height (cm) 02566 08029 00926 00650 0255 08543
Peduncle length (cm) 00711 908 20.0797 0.0530  0.0506 0.8426
Spike length (cm) 09031 0.1944  0.0397 -0.0302 0.2736 0.9389
Spike width (cm) 02378 -0.4045 -00807-07033 0.1861  0.7560
Spikelets / spike 08015 0.0676  0.2588 -0.0772 -0.119% 0.7344
Heading date (day) 6_0416 -0.4950 ,:l 0.0587 -0.1097 0.8267
Protein % 0.3428 -0.3598 .0.1893 0.2369 07640 0.9227
SDS 0.0494 -0.0731 08556 0.0225 -0.0343 07415
Vitreous (%) 02414 02141 -0.3491 -0.0332 06402 0.6371
Flour color 0.3864 02991 0,600 0.1497 0018 06175
Eigen values 40182 2.5883 22069 19480 1.7888 12.5503
Explained variance (%) 2511 16.18 13.79 12.18 11.18

Cummulative explained 2511 41.29 5509 67.26 78.44

variance (%)
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Table 62. Water and fertilizer cost and grain yield price for different levels of
irrigation and nitrogen fertlhzer of Cham 1 and Cham 3 in
1993/94 and 1994/95 seasons’ .

fert.?

response  water water cost N cost total vield vield profit
m®>  kg/ha cost kg/ha price
first season
Cham -1
Max, 1500 174 6000 3209 9209 3834 44091 34380
A 1415 174 5660 3209 8869 3779 43459 34590
B 1410 162 5640 2988 8628 3779 43459 34831
C 1450 148 5800 2730 8530 3779 43459 34929
Cham -3
Max, 1500 174 6000 3209 9209 3309 38053 28844
A 1485 174 5940 3209 9149 3262 37513 28364
B 1485 168 5940 3099 9039 3262 37513 28474
C - 1490 156 5960 2877 8837 3262 37513 28676
second season
Cham -1
Max. 1500 150 6000 2767 8767 6003 69035 60268
A 1425 168 5700 3099 8799 5831 67057 58258
B 1400 144 5600 2656 8256 5831 67057 58801
C 1440 126 5760 2324 8084 5831 67057 58973
Cham -3
Max. 1500 150 6000 2767 .8767 5832 67068 58301
A 1430 168 5720 3099 8819 5678 65297 56478
B 1390 144 5560 2656 8216 5678 65297 57081
C 1430 126 5720 2324 8044 5678 65297 57253

1 Costs and prices calculated in Syrian Pounds (SL).

* Nitrogen kg/ha x 2.17 x fertilizer price (kg).
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Cham 3 in 1993-1994

Cham 1 in 1993-1994
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Use of Response Surfaces to Determine the
Optimum Levels of Irrigation and Fertilization and
Statistical Analysis of Yield and its Related
Attributes in Wheat

SUMMARY

The present investigation is divided into two main parts:

1. Response surface analysis of the effect of supplementary irrigation and nitrogen
levels on yield and yield components of durum wheat

ii. Multivariate Analysis of Yield, Yield Components, Morphological and Quality
Characters in Durum Wheat.

Nitrogen and moisture are of the most important factors determining much
attention of agronomist in many parts of the world (Wassouf et al., 1995). Water

stress at any growth stage of wheat decreases the grain yield and the particular
organ growing most rapidly at the time of stress is most severely affected (Asana
and Main, 1955) Water stress results in fewer spike per unit area and fewer
kernels per spike (Wright, 1972), while at the flowering and dough stages it results
in reduced kernel weight (Asana, 1962 ; Day and Intalap, 1970; Hochman 1982).

In order to maximize grain yield, irrigation and nitrogen are required to be
optimized. The effect of irrigation and nitrogen should be considered
stmultaneously because is not an additive function of each factor (Puri et al, 1988) .

Response surface are useful to evaluate the interactive effects of irrigation and
nifrogen to determine the optimum combination of inputs under different
circumstances (Beverly et al, 1986; Grimes et al, 1967; Kloster and Whittlesey,
1971). Multivariate analysis of variance was used to identify morphological and
quality characters related to yield and yield components in durum wheats.

The objectives were to :

1. Study the interactive effects of supplementary irrigation and nitrogen levels on
grain yield and its components e.g., number of spikes per unit area, kernels per
spike and 1000 kernel weight . -

2. Construct a response surface model to evaluate the simultaneous effects and to
estimate optimum levels of these factors of durum wheat.

3. Use of multivariate analysis to determine the dependence relationship between
yield, yield components, morphological and quality characters in durum wheat.

4. Identify the suitable characters for selection under these conditions.

Experiments were conducted in 1993-1994 and 1994-1995 growing seasons at
Tel Hadya, main experimental station of ICARDA to study the interactive effects
of supplementary irrigatton (W) and nitrogen levels (N) on durum wheat. Tel
Hadya is located at 36° 01" N, at an elevation of 284 m, 35 km south west of
Aleppo, Syria. The soil was gravely shallow in the first season and deeply flat in
the second season.
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Y = any dependent variable (grain yield, spikes/m®, kernels/spike and kernel

weight);
X, = 1rrigation treatments (W),
Xs = nitrogen levels (N);
b;, b, = estimates of main effects of the independent variables;
bii, bz = estimates of curvilinear effects of the independent variables;
b1z = estimates of interaction between X; and X,.

For statistical analysis, three actual levels, low (W;,N;); medium (W, N,) and
high (W3 N;) were coded with standardized coefficients of -1, 0, and +1,
respectively. Therefore, nine design points with three observations (replications)
for each were used.

Response surface methodology was applied to find combinations of a number of
experimental factors that will lead to optimum response. Experimental data analysis
and estimated response surfaces were performed with multiple regression analysis
and surface plotting subroutines, respectively using the Statgraphics Program.

Regression model with linear and quadratic terms was used to create three -
dimensional response surfaces. In tesponse surface methodology, independen:
variables are located along X and Y axes, and the dependent or response variable is
located on the Z axis. '

For second experiment, data for statistical analysis were based on genotype
means for each year separately. Stepwise regression analysis was used with all
independent variables (morphological and quality characters) and yield and yield
components as dependent variables.

Using this procedure the character that is most closely related to the dependent
variable was selected; then variable which accounts the next greatest part of the
remaining variation of dependent variable is added to the equation. This stepwise
process 1is repeated to add additional variables, and at each step, a multiple
regression analysis is performed which includes all of the previously selected
variables making a significant contribution to the regression equation.

Factor analysis was used to determine all the interrelationships among
characters. Basically, this procedure reduces a large amount of correlated variables
into a small number of unrelated factors. The factor loading of the rotated matrix,
the percentage variability given by each factor, and communalities for each
character were determined. The communality is the amount of variance of a
character accounted for by the factors.

Observing the relative loading of different characters in the same factor, the sign
of the loading indicates the direction of the relationship between the characters and
the factor as a whole. Thus, two characters with high loading in the same factor
but have opposite sign would be expected to explain a negative correlation. After
extraction the matrix of factor loading, it was submitted to the varimax orthogonal
rotation approach suggested by Kaiser to accentuate the larger loading in each
factor and suppress the minor loading coefficients. The level of significant loading
of > 0.60 was chosen as the lowest limit of factor loading for the purpose of




biological interpretation. The analysis was terminated when the Eigen value
became less than one and factors extracted about 80 % of the total variation of
dependence structure.

Canonical correlation analysis was used because it provides a method for testing
the relation between yield components and morphological characters in one step.
Morphological characters are labeled as X, variables and yield components as Y,
variables. To determine how many significant relationship exist, Bartelett’s
procedure was used for testing the significance of canonical correlation using Chi
square (%) with pq degrees of freedom. The Statistical Analysis System SAS was
used for statistical analysis.

The grain yield and spikes/m”in the first season were higher than the second
season. Kernels per spike was almost the same in both seasons, only the kernel
weight was higher in the first season..

A test of lack of fit was used to evaluate the adequacy of the fitted model. Non-
significant F values indicates that the second order mode] is an adequate
approximation to the data.

To visualize the combined effects of the two predictor variables on dependent
response of yield and yield comporents, graphic presentations of the relationship
were generated for each of the fitted mode] .

The regression model accounts for 95.64% of the total variation (P<0.01) in the
-grain yield of the two independent variables. Linear, quadratic and interaction
+ effects were found to be significant (P<0.01).

Grain yield increased as the irrigation and nitrogen levels increased. The largest
irrigation response was occurred at W5 .The lowest value was found at W, . The
difference in grain yield between W, and W5 was less than the difference between
Wiand W,

It is evident that grain yield increased as nitrogen levels increased attaining the
medium level of nitrogen (N ) and slightly decreased by increasing nitrogen level
up to the highest level (N3). In addition to the main effect of nitrogen level on grain
yield, there was an important interaction with irrigation (P<0.01) .

The prediction model for spikes/m” indicated that changes in the spikes / m?
response variable were promoted by irrigation and nitrogen . The linear term of
urigation  and nitrogen contributed significantly (P<0.01) to the model . The
quadratic term for nitrogen was also significant (P<0.01) . The regression model
accounts for 76.70% of the total variation (P<0.01) in spikes / m®.

Depending on the regression model, graphic presentation of the functional
model show that spikes / m* was increased as the irrigation increased. The largest
irrigation response occurred at W; . Spikes / m’ was also affected by nitrogen
levels, it was increased successively from Njto N, and decreased at N5, The
largest N response occurred at Ny.

Prediction model for kernel per spike was less predictive due to a low R? value.
Only 39.25 % of the total variability was extracted .The regression mode] indicated
that the linear effect of nitrogen was found to be significant (P<0.01).




Kernels per spike was slightly increased as irrigation increased from W; to W.
A considerable increase in kernels per spike was observed due to the application of
nitrogen, this component gave an essentially linear response from N; to Ns levels.

For kernel weight, the linear term of irrigation contributed significantly
(P<0.01). The quadratic term was also found to be significant (P<0.05) for
urrigation. This model accounts for 58.15% of the total variation in the dependent
variable (P<0.01). Non-significant values of lack of fit indicates the adequacy of
the fitted model to the data .

Regression model shows that kernel weight increased as irrigation increased
attaining the medium level of irrigation (W5) , then decreased when irrigation was
at W;. Slightly increase in kernel weight was found by increasing nitrogen levels
from N; toNs.

It shows that the regression model accounts for 53.63 % of the total variation
(P<0.01) in grain yield. The linear terms of irrigation and nitrogen were significant
(P<0.01). In addition, quadratic term of nitrogen was also significant at P < 0.05.

Grain yield in the second season was linearly increased as increasing irrigation
from W, to Ws; and the maximum amount was detected at W5 A considerable
increase in grain yield was observed at N, and thereafter decreased at N;.

For spikes/m’, only the linear term of irrigation contributed significantly
(P<0.05) to the model. Also coefficient of determination R* obtained was
insignificant (P>0.05).

Graphic presentation of the functional model shows that an increase in irrigation
leads to increase in spikes/m’; the maximum was attained at W, Nitrogen produce
a significant effect on this character.

Statistical analysis for kernels per spike indicated that the linear effect of
nitrogen and quadratic term of both variables were significant (P<0.01). The
regression model accounts for 66.70 % of the total variation (P<0.01) in kernels
per spike.

Kemels per spike increased as irrigation increased attaining the maximum at
medium level of irrigation (W), the considerable decrease in kernels per spike
were observed at high level of irrigation.

_ Regression analysis demonstrated that the linear and quadratic effects of
irrigation on kernel weight were found to be significant (P<0.01). The regression

Concerning the second experiment, yield and its components as independent
variables were regressed against the morphological and quality characters as
dependent variables. A forward selection procedure was used and only independent
variables for which P < 0.05 were included.

The results of regression analysis revealed that TKW and flag leaf area made the

largest contribution of equation (1) which accounted for 39.36 % of the total
variation.

Equation(2) has only kernels per spike as predicted character which contributed
of 46.80 % of the total variation in spikes / m”. In case of equation (3), two
coeflicients were significant, kernels weight per spike and TKW, these characters




accounted for 93.29 % of the total variation in kernels per spike. Equation (4) has
five significant coefficients; protein content, spike width, kernels per spike,
spikelets per spike and flour color. These characters explained 72.29 % of the
total variation in TKW,

Five factors were extracted to explain the structural inter-relationships among
yield and its associated characters. These factors accounted for 34.59, 16.96,
14,02, 10.71 and 7.50 % of the total variation in the dependence structure after
rotation for factors 1, 2, 3, 4 and 5, respectively.

It may be noted that first factor had two characters with high negative loading ,
number and weight of kernels per spike. On the other hand, flour color, vitreous
%, protein content and spikes / m>had high positive loading on this factor. Factor
2 was made up of positive loading for spike length and spikelets per spike and
negative loading for spike width.

Factor 3 contained heading date, peduncle length and SDS test. Peduncle length
showed a negative association with this factor. The sole character included in
fourth factor was TKW which contributed 10.71% of the total variation. Factor 5
characterized by high loading for grain yield and flag leaf area.

The canonical correlations were 0.987, 0.504, and 0.406. The first canonical
correlation was found to be significant by Bartlett’s test. It appears, thereafter, that
was a significant relationship between yield components as a first group and set of
morphological characters as a second group.

Concerning morphological characters, kernels weight per spike had the highest
positive correlation while flag leaf area and peduncle length had the highest
negative correlation with yield components group. Similarly, kernels per spike had
the highest positive association with morphological characters compared with
other yield components.

Taking together, the interpretation of the relationships between yield
components and morphological characters suggested that short peduncle plants
with medium leaf area and large spikes which include high number of kernels leads
to high yielding.

During the second season, morphological and quality characters as predictors of
grain yield and its components were tested by multiple regression analysis.

In the case of grain yield, equation 1 revealed that four coefficients were
significance, flag leaf area, heading date, protein content and spikes / m* which
accounted for 83.52% of the total variation in grain yield. In the second equation,
five coefficients were significant included kernels weight per spike, number of
kernels per spike, spike width, plant height and SDS test. Kernels weight per spike
accounted for 34.29% of the total variation and the rest characters together
accounted for 51.13%. Equation (3) included three coefficients, spike length had
the largest contribution 51.42 %, the other two character, SDS test and TKW
accounted for 30.18% of the total varation. Concerning equation (4), two
coefficients were significance, spikes/m’ and kernels per spike. These characters
contributed 45.79% of the total variation.




The first five factors accounted for 25.11, 16.18, 13.76, 12.18 and 11.18 of the
total variability in the dependence structure after rotation, respectively.

Factor 1 consisted of spike length, number of kernels per spike, spikelets per
spike and kernels weight per spike. These characters had positive loading for
peduncle length and plant height.

Third factor consisted of three characters, of which two characters had positive
loading (SDS test and flour color). The third character was heading date which had
negative loading on this factor. Three characters were included in the fourth factor,
two of them spikes / m” and flag leaf area had high positive loading while the third
trait, spike width had negative loading on this factor. Lastly, factor five consisted
of protein content and vitreous% with positive loading and yield with negative
loading.

Canonical correlation analysis was carried out between a set of morphological
characters X’s as a first group and yield components Y’s as a second group. The
analysis indicated that canonical correlation values were 0.993, 0.835 and 0.706.
Bartlett’s test revealed that the first canonical correlation was found to be
significant. This clarified that there is a significant relationship between two
groups.

Inspecting the morphological characters, canonical analysis showed that kernels
weight per spike and spike length had the highest positive correlation with yield
components. Conversely, flag leaf area had negative correlation with the yield
components group. Considering yield components group, kernels per spike had the
highest positive correlation with morphological group followed by TKW.




