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ABSTRACT. Ten cultivars of wheat (3 local and 7 exotic) were evaluated for
growth, development, yield and yield components in 1978/1979. The high-
est grain yield (7.8 tons/ha) was obtained by the semi-dwarf Mexican wheat
cultivar, Mexipak. As to the local cultivars, Summa ranked third, while
Luggami and Kholani were the lowest. Almost similar amounts of total dry
matter were produced by the low and high yielding cultivars in the pre-an-
thesis stage. In the post-anthesis stage, however, Mexipak accumulated the
highest amount of total dry matter that was mainly stored by the developing
spikes. The high dry matter accumulation in Mexipak was apparently attri-
buted to a high leaf area index, crop growth rate, relative growth rate, and
net assimilation rate maintained at the end of the growing season. Correla-
tion coefficient indicated that weight and number of grains per spike and
number of tillers were the most correlated characters with yield. Itis there-
fore, evident that the incorporation of these traits together with other
physiomorphological traits of Mexipak in the local cultivars may lead to the
release of high yielding cultivars.

Introduction

In recent years, plant breeders have recognized that selection for components of
grain yield only may not necessarily be the most efficient means to achieve yield in-
crease. A number of workers has suggested the use of growth analysis to obtain bet-
ter selection criteria (Stoskopf et al. 1963; Donald 1968; Voldeng and Simpson 1967).
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Other investigations have shown that dry matter of the stem and leaf often declines
during grain filling in wheat (McNeal et al., 1966 Austin et al. 1977; Lal et al. 1978).
Part of this decline can be attributed to both respiration and retranslocation of as-
similates to grain (Rawson and Evans 1971).

Numerous interrelationships of yield and its various components have been re-
ported, most of these have suffered from one or more limitations. Several studies
were conducted in the greenhouse (Voldeng and Simpson 1967) where conditions
differed from those encountered in the field. In many field studies, the material is
space-planted (Walton 1969, Hsu and Walton 1971), but in commercial production,
solid seeding is the common practice.

The objective of this study was to compared growth analysis and performance of
some important and indigenous wheat cultivars and determine the most important
characters and developmental stages correlated with yield in solid seeding stands.

Material and Methods

Ten (3 local and 7 exotic) bread wheat cultivars (Table 1) were planted in a ran-
domized complete block design with four replications in 12 m X 7.0 m plots. Cul-
tivars, Summa, Luggami and Kholani are the local cultivars. The experiment was
conducted for only one season (1978/1979) at the Experimental Farm, College of Ag-
riculture, King Saud University, Riyadh. The trial was sown in the first week of De-
cember at a seed rate of 150 kg/ha and was given 120 kg P,O./ha (prior to planting)
and 240 kg N/ha splitted into four equal doses. The crop was kept down from weeds
and was irrigated as need arise. Plant samples (1 m?) were taken randomly at four
growth stages; namely, 60 days after planting (DAP), anthesis, 30 days from anthesis
and at full maturity. These were used to determine leaf area, culm dry weight, leaf
dry weight, spike dry weight (when present) and total dry weight. These characters,
in turn, were used to calculate leaf area index (LAIL), specific leaf area (SLA), crop
growth rate (CGR), relative growth rate (RGR), as given by Radford (1967). Leaf
area was measured by photocopying and weighing method. Protein was determined
by the use of Kjldehal method. At full maturity, another sample of 1 m? was har-
vested and used to determine grain yield/m? and its components.

Results

1. Total Dry Matter Production

At the first harvest (60 DAP), significant differences among the cultivars were evi-
dent with TDW values ranging from 167 g/m* for Luggami (local) to 267 g/m? for
Najah (Table 1). Maximum TDW was attained in all cultivars at the last last growth
stage, where the largest values were observed for Mexipak, Giza 155, Luggami and
Najah (Table 1). Moreover, TDW values gradually increased at the successive
growth stage for all of the wheat cultivars (Table 1).

All cultivars, except Luggami, Giza 144 and Senator displayed their greatest
amount of culm dry weight (CDW) at the third harvest (30 days from anthesis). Lug-
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TABLE 1. Accumulation of total dry weight and its components in 10 wheat cuitivars.

Parameter Total dry weight (g/m?) Culumdry weight {g/m) Spike weight (g/ m?)
Harvest 2 3 4 1 2 3 4 2 3 4
cultivar

Summa 254 826 1537 1870 97 432 740 740 2 493 8§79

Luggami 167 1179 1655 1975 62 625 734 790 119 488 885

Kholani 192 983 1358 1637 n 555 698 671 154 373 764

Mexipak 183 909 1665 2205 75 456 704 647 193 675 1330
Giza 144 244 872 1413 1764 90 479 7 714 129 432 808
Gizza155 220 842 1605 2146 93 467 833 710 125 473 1159

Najah 267 831 1423 1911 127 397 779 742 226 434 1005
Senator 256 1038 1454 1838 115 570 667 684 154 556 955
Ageeba 213 938 1560 1753 7 483 718 721 135 530 754
Horani 27 177 1176 1429 1579 62 688 87 698 134 313 621
Mean 217 959 1507 1868 86 515 737 718 148 474 916
SSE + 1 42 34 101 7 29 16 14 11 3] 66
C.V. 16 14 7 11 26 18 7 3 24 21 23

1. 60-DAP 2. Anthesis

3. 30days after anthesis 4. Maturity

gami, Giza 144 and Senator reached maximum values of CDW at the final harvest
(144 DAP) at which Luggami exhibited the largest value observed for any cultivar.
Spike dry weight (SDW) gradually increased with the growth stage, reaching its
maximum, in all cultivars, at the fourth growth stage (Table 1).

Green leaf weight (GLW) was maximum at the second harvest (Table 2), with
Luggami, Horani 27, Senator and Ageeba, showing the highest; Najah and Kholani
showing the lowest values. Withered leaf dry weight (WLW) generally rapidly in-
creased from 60 DAP where it averaged 3.2 g/m” to a maximum mean value of 280.8
g/m? at the last date as expected (Table 2). Such trends of partitioning total leaf dry
weight (LDW) into GLW and WLW during the growing season indicate that the ac-
cumulation of dry matter in leaves of wheat continued to increase and reached its
maximum value at the second harvest after which production of new leaves appa-
rently stopped. Following the second stage of growth, increases in TDW were mostly
due to the increase in spike weight. Trends in leaf area index (LLAI) were similar to
those observed for GLW; i.e., they were maximum during the second growth stage
and then dropped afterwards (Table 2).

2. Growth Analysis

Crop growth rate (CGR) and relative growth rate (RGR) values during the veg-
etative stage were highest for Luggami and lowest for Summa (Table 3). During an-
thesis, CGR apparently decreascd in Luggami, Kholani, Senator and Horani 27 and
increased in the remaining cultivars. However, it generally decreased afterwards in
all cultivars. On the other hand, RGR values decreased during and after anthesis in
all cultivars.
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TaBLE 2. Green (GLW) and withered (WLW) leaf weights and leaf area index (LAI) in 10 wheat cul-

tivars.

Parameter Greenleaf weight (3/m?) | Withered leaf weight (g/ m%) Leaf area index
Harvest 12 3 a1 2] 3|4 1 2 | 3 4
cultivar

Summa 153 208 196 28 3.9 74 108 224 5.3 44 34 0.5
Luggami 104 344 303 19 0.9 90 130 281 2.0 8.4 7.1 0.4
Kholani 115 197 179 9 51 71 109 195 59 4.9 31 0.2
Mexipak 107 230 224 51 1.5 30 63 180 2.8 4.7 4.5 1.2
Giza 144 147 207 183 13 7.1 57 91 229 32 4.5 44 0.3
Giza 155 125 207 182 34 2.3 43 116 184 34 4.5 4.0 0.8
Najah 138 180 173 16 2.0 28 39 164 4.1 5.3 5.0 0.6
Senator 138 246 133 30 3.2 68 97 169 3.5 3.6 2.6 0.6
Ageeba 138 242 203 31 4.6 77 108 249 4.9 5.5 4.6 0.7
Horani 27 113 292 235 44 1.4 62 94 217 32 6.5 4.7 0.9
Mean 128 235 201 28 3.2 61 96 208 38 5.3 4.6 0.6
S.E. + 5 16 14 4 0.6 7 8 1 3.9 4.3 3.9 0.9
C.V. 14 21 22 49 62.3 35 28 17 313 | 260 | 28.6 | 48.0

1. 60-DAP 2. Anthesis

3. 30days after anthesis 4. Maturity

TaBLE 3. Crop growth rate (CGR), relative growth rate (RGR) and net assimilation rate (NAR) in 10
wheat cultivars.

Parameter CGR (g/day) RGR (mg/g/day) NAR (g/m?/day)
Harvest 1 1 1 1 1l 111 1 I 191
cultivar

Summa 151 | 339 | 123 | 31.1 | 296 7.4 3.1 8.6 8.1
Luggami 374 | 227 | 107 |} 23 | 162 6.0 8.3 2.9 4.4
Kholani 208 | 14.4 96 | 43.0 | 124 6.4 3.9 3.7 9.9
Mexiplak 234 | 329 | 270 | 517 | 263 | 141 6.4 71 | 108
Giza 144 165 | 258 | 117 | 363 | 230 | 7.4 4.7 5.8 7.6
Gizza 155 215 | 363 | 180 | 463 | 307 | 97 5.4 8.6 9.4
Najah 271 | 423 | 122 ]| 548 | 304 | 74 5.8 8.2 5.8
Senator 270 | 198 | 128 | 483 | 160 | 78 76 6.4 9.4
Ageeba 27.0 | 297 74 | 557 | 245 | a5 5.2 5.9 3.6
Horani 27 217 | 121 65 | 412 9.3 4.3 4.7 2.2 2.98
Mean 238 | 270 | 128 | 481 | 26 | 75 5.5 5.9 7.2
S.E. + 3.9 3.1 1.9 3.7 29 1 09 0.5 0.7 0.9
C.V. 255 1 363 | 462 | 241 | 402 | 375 291 | 305 | 394

I, I, 111 = Growth intervals.

It is also evident from Table 3 that Luggami and Summa had also maintained, re-
spectively, the highest and lowest values of net assimilation rate (NAR) during the
vegetative stage. In four cultivars; viz., Mexipak, Giza 144, Giza 155 and Senator,
NAR increased steadily throughout the growing season. In Summa and Kholani,
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NAR values attained during maturity were higher than those observed during the
vegetative stage, while in cultivars, Luggami, Ageeba and Horani 27 the reverse was
true.

Leaf area ratio (LAR) values indicated that in cultivars Giza 155 and Senator and
in contrast to the others proportionally less amounts of assimilates were being in-
volved in leaf production during the vegetative stage (Table 4). For the other cul-
tivars, lower amounts of assimilates were proportioned to leaf production as the
plant matured.

TABLE 4. Leaf area ratio (LAR), specific leaf area (SLA) and leaf weight ratio (LWR) in 10 wheat cul-
’ tivars.

Parameter LARcm?/g SLAcm?/g LWR(g/g)
Harvest I 1 11 I 11 11 I 1 11
cultivar

Summa 100 34 9 271 194 176 0.369 0.176 | 0.051

Luggami 87 55 13 225 240 236 0.388 0.230 | 0.054

Kholani 112 34 7 355 210 173 0.314 0.162 | 0.038

Mexipak 81 37 13 228 203 214 0.354 0.182 | 0.061

Giza 144 77 40 10 218 228 240 0.356 0.174 | 0.048

Giza 155 9 36 10 244 218 217 0.350 0.165 | 0.048

Najah 94 47 13 295 292 316 0.320 0.160 { 0.040

Senator 6 25 8 190 168 196 0.334 0.149 | 0.043

Ageeba 107 42 13 280 227 227 0.381 0.183 | 0.055

Horani 27 88 43 15 247 212 199 0.358 0.202 | 0.076

Mean 76 39 11 255 219 219 0.352 0.178 " 0.051

S.E. + 11 3 1 15 10 13 0.008 0.007 | 0.004

C.V. 47 21 24 18 15 19 6.870 | 13.130] 21.710

I, Il and 1l = Growth intervals.

It is evident from Table 4 that specific leaf areas (SLA) values attained in all cul-
tivars, during the vegetative stage, were comparatively higher than those attained at
later stages. Among all cultivars, Summa and Mexipak, apparently maintained
thicker leaves towards the end of the growing season, since they had the highest SLA
values.

Leaf weight ratio (LWR) data in Table 4 indicated that lower amounts of assimi-
lates were translocated to the leaves as the plant matured. On the average, about 33,
18 and 5% of the total plant weight was proportioned to the leaves during the vegeta-
tive, anthesis and the post-anthesis stages, respectively.

3. Grain Yield, Yield Components and Other Characters

It is evident from Table 5 that highly significant differences existed among the cul-
tivars with respect to grain yield, its components and other characters evaluated in
the present study. It is also clear from the data that Mexipak, the top yielding cul-
tivar, gave the highest harvest index (40%) and the highest number (56) and weight
(2 g) of seeds per spike and the highest number of grains (21200) per square meter.
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TABLE 5. Plant height, yield and yield components of 10 wheat cultivars.

Grain | Harvest | No. of Welghl No.of | 1000- No. of Filling | Plant | No.of | Protein
Character/] . . . of . . . . . .
cultivar yleld: mSex spllse/ grains gra.ms/ grains :grams { . Daysl to | period | height shoollsl conolents

(g/m)) (%) m spikes (g) spike | wt(g) | m (x107) |heading | (days) | (cm) m (%)
Summa 50 25 559 1.0 19.6 | 531 1.0 45 47 101 609 18.7
Luggami 1) 29 438 0.9 199 | 467 8.7 94 54 103 01 17.6
Kholani $6 1 33 47 0.8 72 | B8 122 95 53 106 635 18.7
Mexipak 768 | 40 380 20 358 [ 358 212 89 54 80 436 171
Giza 14 539 27 428 13 286 | 46 12.2 95 55 107 627 18.7
Giza155 471035 416 13 38| 414 13.2 89 54 106 618 18.8
Najah 584 | 39 320 1.8 387 | 43 10.2 8] 56 111 429 17.7
Senator 492 | 36 414 12 36.3 | 40.1 150 89 53 101 573 182
Ageeba s61 ¢ 30 440 11 2602 1 401 115 97 53 90 719 200
Horani27 | 567 | 28 360 13 05 | L6 1.0 105 47 116 500 147
Mean 5150 32 409 13 311 ] 435 123 92 3 103 586 179
S.E.+ 31 1 21 0.1 30 1.7 1.0 2 | 3 49 0.5
C.v. 00 15 17 290 323 | 130 270 7 7 10 17 83

Besides, Mexipak showed to be the shortest (80 cm) cultivar with a relatively low
number (456) of shoots/m?.

The simple correlation coefficient (Table 6) indicated that weight and number of
grains per spike were highly significantly and positively correlated with grain to yield
(P = 0.01), whereas number of shoots/m” were negatively (r = - 0.745) correlated
with it (P = 0.05). Meanwhile, harvest index tended to be positively (r = 0.556),
plant height negatively (r = — 0.551) correlated with grain yield. The remaining
characters (Table 6) were not correlated with grain yield, with non-significant, nega-
tive r-values.

TaBLE 6. Simple correlation cocfficient of grain
yield (g/m?) with harvest index, number
of spikes and other yield components in
101ocal and exotic spring wheat cultivars.

Characters r
Harvest index 0.556
No. of spikes/m’ - 0.064
Grain weight/spike ~0.811""
No. of grains/spike 0.818™"
1000 — grains weight -0.027
Filling period - 0.025
Plant height —0.551
No. of shoots /m* -0.745"
Protein content -0.118

*. “*Indicate significance at 0.05 and 0.01 levels of probabil-
ity, respectively.
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Discussion

Itis obvious from the data presented in this study that highly significant differences
in TDW, CDW, LDW and its components (GLW and WLW), LAI, CGR, RGR,
NAR, LAR, SLA and LWR existed among the ten wheat cultivars evaluated. Simi-
lar reports in the literature (Evans and Hughes 1962, Milthorpe 1962 and Clark et al.
1984) indicated that variations in dry matter, produced by different cultivars might
be related to differences in leaf area, leaf area ratio, net assimilation rate and relative
growth rate.

Data on grain yield and its components (Table 5) also indicated the existence of
highly significant differences among the cultivars in all of the characters evaluated.
However, it was evident from the simple correlation analysis that harvest index and
number and weight of grains per spike were the most important grain yield contribut-
ing characters in the present study. Similarly, high correlations between grain yield
and number of grains per spike (Fischer and Khon 1966, Nass 1973), harvest index
(Singh and Stoskopf 1971) and grain weight (Nass 1973) were reported in the litera-
ture.

On examining the performance of individual cultivars, it is evident that Mexipak,
a semi-dwarf Mexican cultivar, produced the highest grain yield (7.8 t/ha). As to the
local cultivars, Summa ranked the third (5.5 t/ha), while Kholani (4.4 t/ha) and Lug-
gami (3.9 t/ha) ranked the eight and ninth, respectively. Almost similar amounts of
total dry matter were produced by Kholani, Luggami (the low yielding cultivars) and
Mexipak (the top yielder) in the pre-anthesis stage. In the post-anthesis stage, how-
ever, Mexipak accumulated the highest significant (£ = 0.05) amount of total dry
matter (2205 g/m?) that was mostly stored by the developing spikes. Such high dry
matter accumulation in Mexipak was attributed to the comparatively high leaf area
index (1.19), crop growth rate (27 g/day), relative growth rate (14.1 g/day) and net
assimilation rate (10.8 g/m?%day) maintained at the end of the growing season (i.e., at
full maturity).

Among the ten cultivars evaluated, Mexipak also gave the highest harvest index
(40%), indicating its high efficiency in diverting most of its assimilates (current and
stored) to the developing grains. The high harvest index in Mexipak was mostly as-
sociated with its large sink capacity, as indicated by its ability in maintaining a rela-
tively large number (56) heavy (2 g) grains per spike. Numerous reports (Syme 1972,
Bhatt and Derera 1977, Fischer and Kertesz 1976, Nass 1980, Nass 1983, Khalifa and
Al-Saheal 1984) have indicated that selection for harvest indext could be very effec-
tive in developing high-yielding cultivars of wheat. In Britain, the high yielding cul-
tivars of barley and spring and winter wheats possess a higher harvest index than
traditional cultivars (Walton et al. 1958 and Walton et al. 1963).

It may thus be concluded that, in view of the present investigation, incorporation
of the physiomorphological traits of Mexipak in breeding programmes with the local
cultivars may prove to be an efficient approach in future wheat improvement prog-
rammes in Saudi Arabia.
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