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ABSTRACT. Thirty one wheat cultivars obtained from local and international
sources were cultivated in the field in [987 and 1988 seasons and their agro-
nomic charactenistics, grain yields and reaction to diseases were determined.
All the cultivars were grown in the growth chambers and their seedlings (3 wk
old) were tested for their susceptibility to most of the isolated fungi, White
leaf blotch (Bacilius spp.), leat stripe (Cephalosporium sp.), leaf spots
(Cochliobolus sp., Phoma sp. and Seproria sp.), Loose smut (Usrilago tritici),
Powdery mildew (Erysiphe gramimis), Crown and root rot (Fusarium graniin-
earum and/or Cochliobolus sativus) were observed on the tested cultivars. The
grain yiclds of Newana, Lokame and Yecora Rojo cultivars were the lowest
while grain yields of W3918A and CL8322 were the highest among the tested
cultivars in the field. Pondera, Sham and Lokame were the most susceptible to
Stemphylivin sp., C. specifer, Septoria sp., Phoma sp. and C. sativus. in patho-
genicity tests while, CL8322, Jup, Gonen, Kvz/czn, Mckay and Hoope were
the most tolerant to these fungi.

Introduction

Wheat (Triticum aestivum L.) has become the most significant constituent of crop pro-
duction in Saudi Arabia, in which the Yecora Rojo cultivar has been cultivated in over
than 95% of the wheat fields. Probreed and West breed cultivars are cultivated in less
than 5% of wheat area. Wheat crop is affected by many diseases at all stages of growth
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in all parts of the world (El-Meleigi and Hassan 1992, Wiese 1987). Several fungal and
bacterial diseases were reported on wheat in central region of Saudi Arabia. Stem rust,
leaf rust, loose smut, leaf spots, and root rot were the most common diseases observed
in wheat fields (El-Meleigi 1989, Sharif 1983). However, common root rot caused by
Fusarium graminearum was the most serious disease affecting wheat productivity in
this area (El-Meleigi et al. 1990).

The present productivity of Yecora rojo wheat cultivar is very low (2.7 tones/ha)
(Al-Akabawy 1986). High grain yield hinges on good cultural practices, soil, sound
pest management and use of improved cultivars. The repeated cultivation of Yecora
rojo cultivar {(mono culture), scarce information about pests and methods of their con-
trol and poor crop management has contributed to the decline of the grain yield in our
area. The search for new wheat cultivars tolerant to diseases, salinity and drought to
replace currently cultivated ones is necessary.

The objective of this work was (o test several wheat cultivars in the field and green-
house trials for their tolerance to diseases and field conditions in Central Saudi Arabia.

Materials and Methods
Field Testing

Thirty one spring wheat cultivars obtained from local and international sources were
tested in this study (Table 1). The field plots were laid out at the experimental farm,
College of Agriculture, King Saud University, Gassim branch during the 1987 and
1988 growing seasons. The soil type was sandy with pH 7.9. The experiments were
conducted in two sites in 1987 and in one site in [988. The experimental design was a
randomized complete block (RCBD) with four replicates per treatment. The plot size
was | x 3 m (five rows). The statistical analysis of the results was as described by Little
and Hills (1975). A broadcast fertilizer (18:18:1.5), 40 kg/ha was added at preplanting.
The seeding rate was 200 kg/ha. Urea (46% N) was added at four equal doses (100
kg/ha each), beginning 3 weeks after germination then every 3 weeks (until milk stage).
The wheat plots were daily irrigated from sowing up to near maturity stages using a
sprinkling center pivot system. This irrigation system is commonly adopted in Central
Saudi Arabia. Three middle rows of each plot (excluding 25 cm length from each end)
were hand harvested and mechanically threshed for determining the grain yield.

Twenty plants were randomly selected from the border rows in each plot for deter-
mining the heading date, spike length, number of spikes per plant, number of spiklets
per spike, number of grains per spike and plant height.

The wheat cultivars were inspected at heading stage for the occurrence of diseases.
The symptoms of each disease as described by Wiese (1987) and the percentage of
infected plants in each plot were recorded. Representative samples from the infected
leaves, stems and rools of wheat cultivars were brought to the laboratory under cool
conditions, cut into small pieces (3 mm long), surface disinfected in 1% NaOC! for 1
min. and plated on agar med:a. Half strength Acidified Potato Dextrose Agar (APDA),
pH 6; Water Agar (WA), and Corn Meal Agar (CMA) were used for the isolation of
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wheat pathogens. The inoculated plates were incubated at 25°C until the fungal
colonies were developed. The isolated fungi were identified in our laboratory and the
tdentification of certain pathogens was confirmed by the C.A.B. International
Mycological Institute, Kew, U.K. Baciflus sp. was isolated and identified according to
the method of Hosford (1982). Downy mildew, powdery mildew, smut and rust dis-
eases were identified based on their field symptoms.

TabLE 1. Agronomic characteristics and grain yield of 31 spring wheat cultivars tested in the field in 1987-
1988 growing seasons.

Agronomic characteristics 1987

Grain yield (ton/hu)

Wheat cultivars Plamt Ear  Heading No.of  No.of  location1 location 2 location |
{Source) height  length date spiklets  grains
(cm)  (cm) {days) perear  perear 1987 1988
I. Borah (1) L 46.1 7.0 1020 14.3 263 283HTF 2.556M 0 ggthEF
2.CI8322() 694 8.8 86.0 13.2 460 1414 6.50°B 6.75A0
3. Condor (2) 694 9.6 90.0 16.0 390 SA2ABCBL 5 pgADCD g 9gA
4. Gonen (2) 652 96 §7.0 14.5 375 628MEC g ABE 5 5aBLDE
S. Hoppe (2) 741 8.2 91.0 126 367 S.6SABUDE 5 7gADCD 5 ggABCDE
6. Jup (2) 825 100 86.0 13.7 356 69378 57§D 3 gaBUDIF
7. KFU 283 (3) 674 0.7 81.0 12.7 36,8 430CDNFGNT 4 DG g g3AB
8. KFU 483 (3) 7o 79 §3.0 136 300 611D (5608 3.§IABCD
9. KVZ/egn (2) 7.1 92 98.0 303 286 S.O70CPIIG g oqUDE g 54AB
10. Lokame (4) 66.1 7.4 96.0 153 265 223 1891 242000
11. Maya (4) 7369 93.0 16.1 291 294N 2.870H 5 4ABEDEL
12. Maya 74 (2) 709 8.0 83.0 15.7 373 8 728B0BL g gpABU g pABEDEE
13, Mckay (1) s 92 83.0 18.0 423 3e9MTHE g g3Bibr o g
14, Mexipak 65 (2) 4T 84 83.0 15.4 416 63SABE o B g8
1S. Newana (1) 672 78 98.0 15.2 342 275 272060 gH
16. Nki(s) (2) 763 84 78.0 158 424 62 6,548 4,35ABCDLY
17.N5. 2699 (2) 653 82 86.0 17.3 S0.2  §.35ABCREE 5 8GABCD 5 23ABCDIT
18.P 106 (2) 593 84 88.0 16.8 370 G3IADC 5.5ABCR§ gABC
15. Pondera (1) 07 98 95,0 3.2 29.1 3.136HE 2. 28VGHE 3 4L
20. Probreed (2) 5L 92 0.0 27.6 262 S.49ABDT 333G g (GABCDEF
21.R 6290 (2) 597 69 780 15.2 49,7 538ADCDED 5 95ABC 4 75ABCDEF
22, SERT (2) 703 73 810 12.4 3710 7538 6.05M8C 4 ygADLDEE
23. SHAM (2) 63.7 86 83.0 19.7 405 4.39CDEGH g ogaBC 7 474
24, URES (2) 630 78 89.0 14.1 4.9 6238 ggeADD 5 35ADLDL
25, VEE(s) (2) 587 74 80.0 15.7 36.9 6417080 504ADC 5 ggADCDEF
26. W 3918 A(2) 663 63 80.0 14.6 37.1 7.58% 7.340 7.508
27 WA 4767 (1) 660 9.2 91.0 189 541 576MIEDE 4 gpBUDL 4 9gADCDEE
28, Wmpum (1) 784 82 89.0 16.1 357 5.84ADCOE y 4yBCDED g SqABCDEL
29. West bread (1) 154 74 83.0 15.2 43.7 3.91[)1:1-(|HI 133]',]'(]%[ 6_03.\HCDI;
906 R
30. West bread (1) 911 | 645 10.0 100.0 13.0 332 4 24UDEIGHE 5908 g gpaDLBll
31, Yecora rojo (2) 426 86 78.0 14.7 237 39MGHKE ) asl 220

L Sources of seeds were (1) Washington State Crop Improvement Inc., USA, (2) Gussim Agriculture Rusearch Center,
Oniza, Saudi Arabia, (3) King Faisal University, Saudi Arabia, (4) Local.
“Means not followed by the same leuters are significamtly different according to Duncans Multiple range test at (P = 0.05).
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Pathogenicity Test

The pathogenicity of the isolated fungi to wheat cultivars was determined under con-
trotled environment. Wheat sceds were sown in plastic pots 10 ¢m in diameter (10
seed/pot), filled with sterile soil mix (sand and vermiculite 1:1) and placed in the green-
house at 20-25°C for three weeks. The tested fungi were grown on APDA for one week
at 25°C. The mycelial growth of cach fungus was separately suspended in distilled ster-
ilized water and the propagules concentration was adjusted to about 5% 10® propag-
ules/ml using a hemocytometer. Wheat seedlings (3 wk old) from each cultivar were
sprayed with propagules of the test organism and placed in a Percival 10B growth
chamber (Percival Scientific, Boone, Iowa, U.S.A)) at 25°C, 100% relative humidity
and 12 hr of day light for 48 hr. The inoculated plants were then transferred to the
greenhouse and grown at 20-25°C for [-2 weeks. The symptoms and severity of infec-
tion were recorded and the causal agents were reisolated from the discased tissues, The
severity of nfection was recorded according to the following key, 0 = no disease synmp-
toms, | =yellow spots -2 mm in diameter, 2 = leaf spots 3-4 mm, 3 = leaf spots
4-5mm with sporulation of the fungus, 4 = clongated brown leaf spots up to 1 cm long,
5 = severe damage 1o the leaf. Twenty wheat leaves were assayed for each cultivar.

Results

Agronomic Characteristics

The agronomic characteristics of spring wheat cultivars tested in this study were pre-
sented in Table 1. Jup and Wampum (height 82.5 cm and 78.2 ¢m, respectively) were
the tallest white West hread 906R and Yecora rojo (height 35.4 ¢m and 42.6 ¢cm,
respeetively) were the shortest among the tested wheat cultivars. Ears of Jup and West
breed 911 were the greatest in ear length while ears of W3918A and KFU 283 were the
shortest among the tested wheat cultivars, The heading time of the tested cultivars var-
ted from 78 up to 102 days (Table 1), Nkt(s), R6290 and Yecora rojo cultivars were the
lowest in heading time (78 days) while Borah, Kvz/cgn and Newana were the longest in
heading time (98-102 days). The highest number of spiklets per head was found in
Kuz/cyn and Probreed cultivars. Sert and KFU 283 were the lowest among all the test-
ed wheat cultivars in number of spiklets per head. The highest number of wheat grains
per head (50 kernels/head) was found in WA4767 wheat cultivar and the lowest (24
kernelsfhead) was found in Yecora rojo wheat cultivar.

Grain vields

The greatest grain yields 1987 growing season (6.9-7.6 tons/ha) were produced by Cl
8322, Jup(s), Sert and W3918 wheat cultivars. While the highest grain vield in location
2 in 1987 growing season was produced by W3918A. KFU483, Nkt and CL8322. The
lowest grain yields in 1987 (1.25 to 2.85) tons/ha) were produced by Yecora rojo,
Borah, Lokame and Newana wheal cultivars regardless of location (Table 1),

The grain yields of CL 8322, Condor, Sham 2, KFU 283 AND W3918A wheat culti-
vars (6.93 to 7.58 tons/ha) were significantly higher than the other tested cultivars in
1988, The grain yields of Yecora rojo, Lokame and Newana in (2,19 to 2.42 1ons/ha)
were significantly lower than the other cultivars 1988 (Table 1).
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Occurrence of Diseases and Tolerance of Wheat Cultivars
One bacterial discase and five toliar or root discases caused by fungi were found in
one or more of the tested wheat cultivars in the ficld (Table 2),

Tapre 2. Occurrences of discases in 31 wheat cultivars grown inthe field in 1987 and 1988 growing seasons.

Disvases (%)
Wheat cultivars Leatblotch  Leal stripe  Leaf spots  Loose smut - White head  Powdery mildew
1987 1988 1987 1988 1987 1988 1987 1988 1987 1988 1987 19588
l. Borah o 7 0 0 0 0 0 0 0 0 0 0
2.C18322 0 0 0 0 0 0 0 0 0 0 0 0
3. Conder 0 0 0 0 0 0 0 0 0 0 0 0
4. Gonen 0 16 100 0 0 0 0 0 0 0 0 0
5. Hoppe 0 2 0 0 0 0 0 0 S 0 0 0
6. Jup 0 0 100 0 0 0 0 0 0 0 0 0
7. KFU 283 135 0 0 0 0 0 0 0 0 0 0
§. KFU 483 0 0 0 0 0 0 0 0 0 0 0 0
9. KVZicgn 0 0 0 0 0 0 0 0 0 0 0 0
10. Lokame 25 8 0 0 0 0 13 S N 0 0 0
11. Maya 8 0 0 0 0 0 5 2 0 0 0 100
12. Maya 74 0 4 0 0 0 0 0 0 0 0 0 0
13, Mckay 0 0 0 0 3 0 0 0 0 0 0 0
14, Mexipak 65 0 9 0 [¢] 0 0 0 0 0 0 o] ¢]
15. Newana 0 0 0 0 0 0 0 0 0 0 0 0
16. Nki{s) 0. 3 0 0 0 [ 0 0 0 0 0
[7.NS. 2699 0 0 0 qQ 0 0 0 0 0 0 0
8. P 106 10 | 0 0 0 0 0 0 0 0 0 0
19, Pondera 1 0 [ 0 0 0 0 0 0 0 0 0
20. Probreed 0 0 0 0 0 0 0 0 0 0 0 0
21. R 6290 0 0 0 0 0 0 0 0 0 0 0 0
22 SERT 0 0 38 o 70 0 0 0 0 0 0 0
23.SHAM 2 100 0 40 0 0O 0 0 15 0 0 0
24. URES 0 0 0 0 0 0 0 0 0 0 0 0
25. VEE(s) 0 25 0 0 0 0 0 0 0 0 0 0
26, W 3918 A 0 0 0o 0 0 0 0 0 0 0 0 0
27. WA 4767 S0 22 0 0 0 0 0 0 0 0 0
28 Wampum 10 0 35 30 4] 0 0 0 0 0 0 0
29. West bread 906R | 65 0 0 0 0 0 0 0 0 0 0 0
30, West bread 911 90 0O 0 0 0 0 0 0 2 0 0 0
31, Yecorarojo 00 0 0 0 0 0 0 0 0 0 0 Q
Disease oceurrence % | 134 3.6 95 O 24 0O 06 02 07 0 0 32

White blotch

The symptoms, methods of isolation and identification of the pathogen were
described by Hosford (1982). White blotch s a bacterial disease caused by Bacillus
megateriun pv. cerealis. The wheal cultivars Sham, Yecora rojo and West breed were
highly susceptible (65-100%) to white blotch in 1987 while, KFU-283, Lokame, Maya
74, P-106, Pondera, WA4767 and Wampum cultivars were infected with white blotch
at [-25% in 1987 (Table 2). Borah, Gonen, Hoppe, KFU-283, Lokame, Maya 74,
Mexipak 65, Nkt, P106 and Vee cultivars showed white blotch symptoms in 1988 at
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1-35%. However, the mean of disease occurrence was reduced from 13.4% in 1987 to
3.6% in 1988 (Table 2).

Leaf stripe

The leaf stripe caused by Cephalosporinm germanium was the most widespread fun-
gal disease affecting wheat cultivars in the field in 1987. Typical Cephalosporium leaf
stripe symptoms, as described by Wiese (1987) were observed at heading stage of
growth and were the most severe during the grain formation,

In 1987 growing season, Gonen, Jup, Sert, Wampum and WA4767 were cultivars
were infected with leaf stripe at 22-100% while the other cultivars were free of the dis-
case (Table 2). The leaf stripe symptoms were observed only on West breed cultivar at
the rate 30% during 1988 scason.

Leaf spots

Minor incidences (less than 1%) of leal spots caused by Cochliobolus sativus,
Phoma sp. and Seproria tritici were observed on most of the tested wheat cultivars in
1987 and 1988. However, Sert and Mckay wheat cultivars were infected with Septoria
leaf spots at 70% and 3%, respectively in 1987 (Table 2).

Loose smut

The loose smut disease caused by Ustilago trivici was observed in the native culti-
vars Lokame and Maya at 13% and 5% in 1987 and at 5% and 2% in 1988, respective-
ly.

White head

The white head symptoms is a result of severe root rot caused by Fusarium gramin-
earum and or Cochliobolus sativus (Wiese 1987). This disease was observed in Hoope,
Lokame, Sham and West bread 911 at 2-15% in 1987, White head symptoms were
observed on 9% of the plants of WA4767 cultivar in 1988 (Table 2).

Powdery mildew

Severe symptoms of powdery mildew as described by Wiese 1987 were observed on
Maya wheat cultivar at grain formation stages of growth in 1988 growing season.
Erysiphe graminis . sp. tritici, was associated with the disease symptoms. None of the
other tested cultivars were infected with powdery mildew regardless of the growing
season (Table 2).

Pathogenicity Tests

The pathogenicity of Cochliobolus sativus, C. specifer, Phoma spp., Septoria tritici
and Stemphylium sp. to the foliar of 31 spring wheat cultivars was presented in Table 3.
Lokame, R6290, Sham and W3918A cultivars were the most susceptible to
Stemphylium sp. in greenhouse pathogenicity test. The wheat cultivars Lokame, NS-
2699, Pondera, R. 6290 Sham, and Yecora rojo were the most susceptible to C. specifer
(Table 3). Lokame, Nkt(s), Pondera, P106 and Sham were the most susceptible 10 S.
rritici. The wheat cultivars Lokame, NS2699, P106, Pondera, Sham and W3918A were
the most susceptible to Phoma sp. in the greenhouse pathogenicity tests (Table 3). On
the other hand, C. sativus was highly pathogenic to Pondera, Probred, Sham, NS-2699
and West breed 91 1.
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Tapir: 3. Susceptibifity of 31 wheat cultivars to five fungi in growth chamber pathogenicity tests.

Disease severity L
Mean
Cultivars Stemphylium | Cochltobolus| Septoria|  Phoma | Cochlivbolus | Diseases | suscepti-
sp. specifer sp. sp. sarivus bility
1. Borah 1.0 03 1.3 1.6 1.0 1.06 | DEFGH
2.Cl18322 03 0.6 0.3 1.0 1.0 0.66 | FGHI
3. Condor 1.0 1.0 1.3 1.0 0.0 0.86 EFGHI
4. Gonen 0.0 0.0 0.0 0.6 06 026 |1
5. Hoppe 0.3 0.6 0.3 1.0 0.6 0.60 | GHI
6. Jup 0.6 1.0 0.6 0.6 0.0 0.60 | GHI
7. KFU 233 0.6 0.6 1.0 0.3 1.3 0.80 | FGHI
8. KFU 483 03 03 0.6 1.6 1.0 0.80 FGHI
9. Kvz/cgn 0.0 1.0 0.3 03 0.0 0.33 | HI
10. Lokaine 2.0 2.6 20 20 1.6 206 | ABC
1. Maya. 03 0.6 1.0 0.6 1.0 0.73 | FGHI
12. Maya 74 1.0 0.6 1.6 1.3 1.0 1.13 | DEFG
13. Mckay 0.3 0.3 0.3 03 0.3 0.33 | HI
14, Mexipak 65 0.3 0.0 1.0 1.0 0.6 0.66 FGHI
15. Newana 0.6 0.3 20 1.0 0.3 0.86 | EFGHI
16. Nki(s) 0.6 23 1.3 20 23 .80 | ABCD
17. NS. 2699 03 1.0 20 0.3 1.3 1.00 | EFGHI
18. P 106 1.3 2.3 2.0 1.0 33 286 | AB
19. Pondera 0.3 0.6 1.3 0.6 23 1.13 DEFG
20. Probreed 2.0 20 0.6 0.6 1.6 1.40 | CDEF
21. R 6250 0.6 1.3 0.3 23 1.3 0.86 | EFGHI
22. SERT 2.6 2.3 26 1.3 2.3 246 1A
23, SHAM 0.0 0.6 0.3 0.3 1.0 0.66 | FGHI
24. URES 1.3 1.0 1.3 23 1.0 1.00 EFGHI
25. VEE(s) 2.0 1.6 0.6 1.6 1.3 1.60 | BCDE
26. W398 A 1.0 1.0 1.3 0.6 1.3 1.26 | DEFG
27. WA 4767 1.0 03 1.0 1.0 0.6 0.73 | FGHI
28. Wampun 0.6 1.6 1.3 0.6 1.3 1.20 | DEFG
29. West bread 906 R 0.6 0.6 1.0 1.6 1.3 1.86 | EFGHI
30. West bread 911 1.3 0.6 1.3 0.6 2.0 .20 | DEFG
31. Yecora rojo 1.0 26 1.3 1.3 1.3 1.60 BCDE

*Medns not followed by the smne letters are significantly different according to Duncan’s multiple range test a1 (P = 0.05), L.
Severity was based on a key; 0 = no symptoms, 1 = 1-2 mm leaf spots, 2 = 3-d4 mmi spots, 3 = 4-5 mm spots with fungal
sporulation, 4 = up to 5-10 mm spots, 5 = severe leaf damage.

Based on' the mean of susceptibility of wheat cultivars to the five tested fungi, Sham,
Pondera and Lokame were the most susceplible while Gonen, KVZ/czn, Mckay, Jup,
Hoope, CL8322, Mexipak-65 and Ures were the most tolerant to the foliar pathogens
(Table 3).

Discussion

The spring wheat cultivars tested in this study varied considerably in their agronom-
ic characteristics, productivity and susceptibility 1o diseases in the field and the green-
house. Because of the limited resources of irrigation water in the Kingdom of Saudi
Arabia, the short season, dwarf cultivars are preferred to medium or long season tall
cultivars. Therefore, Yecora rojo, West breed and Probreed cultivars were selected hy
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the Ministry of Agriculture and Water Resources in Saudi Arabia to be the only import-
ed wheat cultivars allowed for cultivation in Saudi Arabia. However, Yecora rojo was
the most popular by the farmers because of its short growing season compared with
other available cultivars. The results of this study showed that KFU 283, NKT(s),
Probreed, R6290, Sert, Vee, W3918A and Yecora rojo wheat cultivars were the shortest
in heading time {78-81 days) among the tested cultivars, However, Yecora rojo was the
lowest in grain yield among the short season wheat cultivars. Therefore, some of high
yiclding, short season wheal cultivars tested in this study are potential candidates for
replacement of Yecora rojo in Saudt Arabia. However, further field testing in several
diverse locations is necessary before making a final conclusion in this respect.

Mosl of the diseases described in this study were commonly observed in the Yecora
rojo and local cultivars in the fields of central Saudi Arabia (El-Meleigi 1989, El-
Meleigi er al. 1990). However, this is the first report on Cochliobolus specifier,
Cephalosporium graminearum and Phonia sp. as wheat pathogens in Central Saudi
Arabia. The fluctuation in the occurrence of diseases between seasons and cultivars in
the field could result from several factors. The seedborne inoculum, crop residues and
climatic conditions are the main factors affecting disease severity in the field. Crop
residues were the major source of root pathogens in Gassim wheat ficlds and other parts
of the world {(Bockus er al. 1983, El-Meleigi er al. 1990). Occurrence of loose smut in
local wheat cultivars is a result of seed production and handling by farmers without
chemical treatment,

The pathogenicily tests showed that Sham, Lokame and Pondera wheat cultivars
were the most susceptible while Gonen, Ci8322, Hoope, KFU, KVZ/czn, Maya,
Mckay, Mexipak, Newana, NKT, Sert, Ures and West breed 306R were the most toler-
ant to the tested wheat pathogens in this study. The most promising cultivars observed
in this study should be tested for several vears in different field locations throughout
wheat growing areas in the Kingdom of Saudi Arabia,
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