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ABSTRACT

Fourteen Imported spring ‘bread and seven durum wheat genolypes, in
addition to two local check cultivars (Sakha 61 and Beni-Suif 1) were planted
under aphid-infested and aphid-controlled (by insecticides) conditions during
2002/03 and 2003/04 seasons. The objectives of this research were to assess the
yield loss caused by aphids and test the efficiency of susceptibility index (ST) as a
selection parameter for resistance to aphids. Numbers of different aphid species
per tiller were estimated at the peak infestation in addition to yield and its
components for each genctype. Results showed that there was a consistent
reduction in stem length, spike length, kernel weight per spike and grain yield in
aphid-infested plots. compared to the control. Sakha 61 suffered major yield loss
due to aphids (>50% and 70%, in the two seasons, respectively), while Beni-Suif
I was less affected. Two introduced bread genotypes and the local check durum
genotype (Beni Suif-1) consistently had high yield under aphid-controlled
conditions, high yield index (¥s%) under infested conditions, low yield
reductions due to aphids and low SI. Peak number of aphids per tiller was not
consistent between seasons and was not correlated with yield or its components,
thus it could not be used for identification of resistant genotypes. Genotypes were
classified into four groups based on SI along with ¥s %, which were efficient in
distinguishing between genotypes in both seasons. These groups were: resistant
R (¥s>100 and SI<l), susceptible 8§ (Ys>100 and SI>1), moderately resistant MR
(Ys<100 and Si<1}, and highly susceptible (Ys<100 and 8T>1).
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INTRODUCTION

Wheat (Triticum aestivum L. } is a major cereal crop in the world and
in Egypt. The cultivated area of wheat in 2001 reached 1,029,591 ha
(Statistical year book, 2002) which yielded 6,624,868 tons with an average
of 6.4 tons/Ha.

In Egypt wheat suffers from infestation with different cereal aphid
species (El-Lathy 1999) which represent a major biotic stress on wheat
production. The number of cereal aphids varies sharply from year to year,
region to region and crop to crop. Therefore, forecasting outbreaks and
damage can not be easily achieved. Early infestation of aphids is often



associated with major losses in yield of winter cereals (Pike and Schaffner
1985, Burton ef al. 1985, Kieckhefer and Kantack 1988 and Ismail et al.
2003). In addition, aphids have an important role in pathogenic virus
transmission (Barley Yellow Dwaif virus), (Waziery 1996 and Hoffman and
Kolb 1998).

Resistance to aphids in released varieties can be overcome either
through developing new biological races (or biotypes) which can withstand
the unsuitable nutritional status of the resistant host plant or as a result of
change in aphids feeding site, i.e. mesophyll instead of phloem tissue (
Ahman and Petterson 1985).

El-Hariry (1979) and Tantawi et al. (1986) recorded four aphid
species: Green bug (Schizaphis graminum Rondani), Bird cherry-oat aphid
(Rhopalosiphum padi Linnaeus), Comn leaf aphid (Rhopalosiphum maidis
Fitch) and English grain aphid (Sitobion avenae Fabricius) on wheat plants
at different localities of Egypt. S. graminum was most predominant in Upper
Egypt and that the peak abundance of R. padi occurred in late April and
disappeared about mid May when the plants were in the yellowing stage of
growth (Tantawi et al, 1986). On the other hand, several workers found
that infestation of different aphid species generally begins in mid-January
and reach its peak around mid-March (Ali and Darwish 1990, Al-Ansary
1993, Slman 1993 and El-Lathy 1999).

In Egypt, aphid infestation is often overlooked, and when first
observed, simple measures such as spraying with dilute detergent solution is
suggested. However, by the time the insect population reaches a visible
threshold, a fraction of yield potential would have been already lost, in
addition to the spread of barley yellow dwarf virus transferred by aphids for
which spraying with insecticides will not contro! its damage.

Breeding for aphid resistance is probably the best way to keep the
insect/virus complex under control. Abdel-Malek er al. (1966), du Toit
(1989a, b) and Porter ef al (2000) referred to existence of resistance genes
in wheat varieties against different aphid species. Tantawi ef al. (1986)
showed that Giza 160 and Sakha 61 were rated moderately resistant to R.
Padi and S. graminum infestation. However, selection parameters for aphid
resistance have not been thoroughly investigated. The number of aphids per
tiller (as an indicator of reproduction rate of aphids) may be usedasa
parameter for resistance. However, the reproduction rate of the cereal aphids
sharply varies according to environmenial conditions. " In addition,
Alsuhaibani {(1996) and Mohamed (2000) found no variation in the number
of aphids per tiller among wheat varieties. Therefore, number of aphids per
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tiler alone did not distinguish between genotypes. Webster and Porter
(2000) wused total number of aphids produced per plant, selection
preferences, and plant damage ratings to derive a Plant Resistance Index
(PRI). Therefore, damage or yield loss due to aphids should also be used as
an indicator for resistance, but documenting studies for this loss are few in
Egypt. Fischer and Maurer (1978) comparing vield performance under both
stress and non-stress conditions suggested the use of susceptibility index
(SI) to measure the tolerance of different genotypes to drought stress. In this
index, an estimate for stress intensity is included, which makes it more
accurate compared to the percent loss in yield due to stress alone. Index
value below unity (SI<1) refer to greater resistance in the genotype. Guttiert
et al (2001) found that sensitivity indices for yield were correlated to
cultivar yield potential.

The objectives of this research were: (1) assess and document the
yield loss caused by aphids among some bread and durum wheat genotypes
and (2) test the efficiency of susceptibility index as a selection parameter for
resistance to aphids among these wheat varieties.

MATERIALS AND METHODS
Genotypes

Fourteen spring bread and seven durum wheat genotypes imported
from ICARDA wheat nurseries during 1998, with high potential good
productivity, vield stability, and disease resistance were examined for their
response to aphid infestation. In addition, two widely grown Egyptian bread
and durum cultivars (Sakha 61 and Beni-Suif 1, respectively) were used as
checks. Table (1) lists the parentage of tested genotypes and their sources.

Treatments and experimental design

Field experiments were conducted during 2002/03 and 2003/04
growing seasons at the Facuity of Agriculture Research Station, Cairo
University, Giza in clay loam soil. Experiments were laid out in a split plot
design with two replications during the first season and three during the
second one. Main plots had two ireatments; namely aphid-infested and
aphid-free (control). Insecticides (Malathion and Nasrthwait during 2002/03
and 2003/04, respectively) were used at a rate of 150 cm’/100 L/Feddan to
contro! aphids in the aphid-free plots. Spraying took place after sampling to
avoid field entry after spraying. Multiple spraying was necessary to control
aphids in designated plots. Wheat genotypes were randomly distributed in
the subplots. Each plot consisted of three rows, 1.5m long and 20 ¢cm apart.
Single vacant row separated adjacent plots.
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Table 1.Parentage and sources of genotypes tested for aphids resistance.

Entry No. INamelPedigme } _[§ource
Bread wheat
1 Tevee's' / KAUZ'S' ICARDA |
|2 [Mexipak 65 (long-term check) ICARDA
3 |Cham-6(Improved check) ~ |ICARDA |
4 Ald's' / Hauc's' // CHIL B ICARDA
5 Mayon's' // Crow's' / Vee's' o ICARDA
6 KAUZ'S'/ 657C1. 23R-3-6-2-2-1-2 o ICARDA
I Tevee's' // Crow's'/ Vec's' - JCARDA
8 Mon's' / Ald's' // Aldans's' [ Tas38 ICARDA
| 9 |Cham-4 (Improved check) ICARDA
10 Vee's'/ Tsi/ 6/ 21931/ 3/ Ch53/ An// Gbs/d / ICARDA
An64/ 5/lwp501 _ B _
11 Shuha's' // Seri82 ICARDA _4
12 &ﬁl& /i Vee's' [ Tsi . ICARDA |
13 Vee's' // Koel's' / Vee's' ICARDA
14 Karawan's' / 3/ Bage / Hork // Aldan ICARDA
15 Sakha (61) Local check EGYPT
Durum wheat
16 |Gidara-1 ~ {ICARDA |
17 [Omrabi-5 (check) ICARDA
| 18 Lahn // Gs/stk/3/Gil-3 ICARDA
19 Bicrederaa-1 _ ‘ TCARDA
| 20 Haurani (check) ~ |iCARDA |
21 [Ber/3/ChL/Gta/Sth/4/Ber/Lks4 ~_|icarpa |
Tz Ossk-1/Stj-5 L A ~__|icarpa
| 23 Beni Suif 1( Local check) EGYPT

Recommended practices of fertilization and hand weed control were
applied. Planting dates were November 30" 2002 and December 3™ 2003.
No artificial infestation with aphids was required and natural infestation was
abundant during both seasons. However, spreader rows of susceptible barley
were planted around the plots to guarantee the occurrence of aphid
infestation.

Field measurements

Populations of aphids were closely observed and sampled at the
appropriate time. Five random tillers per plot were carefully clipped at
ground level and carefully placed in a plastic bag, sealed and taken to the
lab for aphid count. In 02/03 season, two samples were taken at the peak
time around mid and late March ((Ali and Darwish 1990,Al-Ansary 1993,
Slman 1993, El-Lathy 1999 and Mohamed 2000). In 03/04, aphid
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Temperature C

populations exhibited an earlier build up during February, due to a sudden
increase in temperature (Fig. 1). One sample was taken in early March, after
which weather conditions changed back to normal cool temperature. This
change in temperature rendered the aphids population to dramatically
decrease and therefore, no further samples were taken.

Aphid infestation was abundant during both seasons, and all samples
taken from aphid-infested plots had high numbers of aphids. Number of
total aphids per tiller was significantly variable among genotypes. Despite
spraying with insecticides, few numbers of aphids were still detected in
aphid-controlled plots. These numbers were too low to have any significant
effect on yield.

Prior to harvest, stem length was measured from ground to top of the
spike excluding the awns in 4 random tillers in each plot. Also, ten random
spikes were collected from each plot to determine yield components,
particularly spike length, kernel weight per spike, and 1000-kernel weight.
At maturity, one-meter row from the middle of each piot was harvested and
both number of spikes and grain vield were estimated.
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Fig. 1. Mean, maximum and minimum temperature during 2004 showing the
sudden change in temperature starting February 24™.
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Otatistical analyaca

Data were subjected to statistical analyses of vamance using SAS
procedure PROC GLM (SAS Institute, Inc. 1996). Means of genotypes
were separated using Duncan Multiple Range Test at 0.05 probability level.
Simple correlations were estimated among grain yield, yield components
and aphids populations. Due to the morphological differences between
bread and durum wheat genotypes, data for each group were analyzed
separately and in combination. Percent reduction in grain yield was
calculated and was presented graphically. Yield index (Ys %) which
compares mean grain yield of each genotype to mean of all genotypes under
aphid-infested conditions was also calculated. Susceptibility index (SI,
which compares grain yield under aphid-infested and aphid-controlled
conditions, including stress intensity factor) was calculated according to
Fischer and Maurer (1978} as follows:

Susceptibility index (SI) = 1-(Yd/Yp)/D
Where, Yd = yield under stress (aphids- infested) conditions
¥Yp = potential yield under controt (non-infested) conditions

D= stress intensity = 1- (mean Yd of all genotypes/mean Yp of ali
genotypes)

A test of homogeneity of data of both years showed significant
difference in variance precluding a combined over-years analysis,
accordingly data for each year were presented separately.

RESULTS AND.DISCUSSION
Yield loss assessment

Treatment X genotype interaction was significant for all studied traits
in both seasons (Tables 2 and 3). Data in Table (2) represent the means of
stem length, spike length, kernel weight per spike and weight of 1000
kernels in bread and durum wheat genotypes in two seasons. Significant
differences among genotypes were found in stem length and significant
reduction due to aphids was recorded. In 02/03, stem length ranged from
90.7 to 113.4 cm for bread wheat and from 92.2 to 128 cm for durum wheat
under controlled condition, 73.2 to 100.7 cm for bread wheat and 88 8 to
108.2 cm in durum wheat under aphid-infestation. In the second season,
stem length for bread wheat ranged from 82.8-107.2 cm under control and
73.1-96.9 ¢cm in aphid-infested treatment, while for durum wheat, it ranged
from 98.1-121.9 and 88.0-115 2 in aphid-infested treatment. Durum wheat
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Table 2. Stem length, spike length, kernel weight per spike and 1000 kernel weight under control and aphids-infested
conditions in bread and durum wheat genotypes during 2002/03 and 2003/04 seasons.

Stem Jength {cm) Spike fength {cm) Kernel weight per spike (g) 1000 Kemels weight (g)
Genotypes 02 /03 43704 62/03 03704 02703 03/04 03/03 03/04
Braad wheat Contidl | Aphids | Control | Aphids | Contol | Aphids | Controi | Aphids | Cortror | Aphids | Control | Aphids | Gariral | Aprida | Contral T Aphids
1 _ o2 78.2 87.8 75.8 BS 70 | 94 8.2 15 | 08 16 | 11 396_ | 3886 378 354
| 2 K] 807 94,8 86.0 90 T 70 78 71 | 13 | 07 12 1.3 395 | 338 458 356
B 3 T"%¥qo77 11007 | 964 87.5 9.5 9.0 9.6 95 14 113 1719 | 1o 408 366 | 508 | 360 |
.4 " ko4 | 73z 1 919 62,2 9.0 7.0 1 98 95 | 12 07 13 10 411 322 378 87
5 T1%7 " g3 ] 923 85.1 85 a0 101 | 7.2 10 0g 15 111 44,3 386 38.1 365
[ 6 047 (1001 | 1048 | 953 85 9.0 9.8 9.2 12 10 16 a7 428 3By 54.8 29" |
7 . 1027 | 85D §5.2 870 | 85 7.0 7.9 61 | 14 1.2 13 "1 ‘o8 438 423 1383 409
| 8 1029 | 938 850 | 751 105 8.0 a9 73 134 12 1.2 08 382 350 49.3 44.4
- 977 88.7 828 731 1 85 1 70 29 94 14 19 | 14 07 422 362 454 1.9
10 1047 | §5.7 §1.5 821 80 8.0 87 82 1.8 16 10 09 [ 398 39.4 438 404
1 088 | 998 | 1038 539 | 85 a.0 84 80 19 1.6 | 12 | 1.3 428 418 528 407 |
| 12 (1059 | 982 | 1000 | 946 120 12.0 98 7.3 19 1 15 13 1 09 45.3 433 428 402
13 1077 1| 99.7 1107.2 889 | 108 ! Qo0 82 75 17 1.7 12 [ 10 512 493 X 389 |
14 1134 [ 944 [1055 | 962 105 g5 9.6 g4 1.9 16 16 | 15 | 446 | 421 496 405 |
15- Sakha 61 1023 | 988 | 947 | B3t g0 75 8.5 -6.1 1.3 1.0 13 0.5 43.0 425 -1 403 38.2
“Mean | %95.4 858 | 893 | B0.7 8.7 7.8 a5 75 t4_ 1 11 ] 12 ] 3.7 363 416 36.5
[% Redution 10.0 1 96 10.7 1148 198 219 8.6 122
so(o.08 | ] — T T Jr ] il
jGenotvoes (G) 9.8 82 73 82 | 14 20 NS | 12 NS | 06 03 03 | N5 | s 58 27
Treatments (1) 6.1 5.4 10 1.0 04 8.2 NS a1
Durum whaat _ ] L. 1. e T
18 117 [ o188 11072 . o715 70 | 58 75 _ . 70 1 18 14 | 14 1.0 516 48.5 45.1 40.3 |
T 1260 [1082 ;1108 [ 96s | 686 | 59 74 73 18 18 |18 1.5 56.8 529 54.2 49.0
[ 18 1822 942 [ 1032 | 928 6.0 6.0 73 1 70 19 T a5 | 18 1.7 522 519" | a8 [ 387 |
| {8 " Tiedz | et3 | 981 880} 60 55 67 65 1.7 18 1.3 1.4 56.8 540 488 46,8
20 1182 THE 1021 908 6.0 55 66 52 14 1.4 14 12 476 46.4 482 459 |
21 98.8 888 | 078 | 987 50 5.0 7.5 7.3 1.3 11 15 13 533 52.0 48.5 440
22 ._r_*ua,? 892 | 1141 | 1042 58 55 | 89 6.7 15 [ 14 16| 16 491 489 550 834
33- Beri Suif 1 1280 1 986 {12156 {1152 7.5 50 7.7 71 Y 20 18 | 21 | 16 48.7 5.0 512 49.4
| _Mean 1108.0 | 942 [ 1082 98.0 64 54 | 72 g8 Y 17 16| 18 | 14 518 | 499 T <58 46.1
__% Reauction 136 B.4 165 6.1 8.9 | 9.6 35 5.7
LSC (0-05) ] 1 ] [ . il [
Genatypes (G} 9.3 81 84 78 | ns ﬂ‘Ns_ 17| 12 NS~ ] NS 03 | G4 59 | N8 | &1 28
reat ments (T} 57 55 NS 1.0 NS 02 NS 33
GXT 5.8 53 11 1 1.0 05 C.2 58 3.1
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Table 3.Number of spikes in one meter, grain yield in one meter and aphids count under control and aphids-infested conditions hread and
durum wheat genotypes during 2002/03 and 2003404 season.
1 ! 1

| i 1 Sample 1 Sample 2
B No. spike/1m Grain yield/1m No. aphidsiilter _No,_aphidsitiller

Genotypas 02/03 03704 02/03 03/04 02/03 03/04 02703
Bread wheat Control Aphids Control Aphids Control ds Control Aphids Control Aphids | Gontrol Aphids Control Aphids
[ 1 1215 1120 | 1216 110.3 1151 83.1 87.1 52.4 1.0 120 1.9 216 | 1.3 287
2 88,5 81g 714 865|894 813 96.7 475 35| 817 42 35.2 30 1022
| 3 1305 | 1040 | 1106 © 1291 95.7 90.6 108.7 81.3 23| 380 28, 6240 1D 333
N 4 870 7o 808 782| 948 46.4 00.4 271 1.3 272 841 356 20 417
5 77.0 680 | 1249 129.4 992 | 559 | 817 80.3 0.8 422 1.7 25.4 30 41.2
§ 59.0 79.0 g7.4 83.0 ] 1102 58.2 106.4 50.5 13 7561 23 7.4 30 456
7 1005 1015 | 1428 135.7 148.9 1078 | 1089 7358 08 41.0 58 51.2 53 107.0
8 87.5 87.0 99.8 96.3 658.0 50.0 96.9 69.8 10 06| 65 36.0 15| 880
| 8 63.5 101.0 | 1671 159.4 | 1758 88.3 80.5 55.3 45 763 50 73.4 a0 358
10 825 | 88.0 1 1377 148.4 158.9 75.7 82.9 58.6 1.0 18.8 45 21.8 1.0 58.2
11 775 77.0 884 | 854 114.0 9.6 81.2 54.2 2.0 498 74 524 1.0 76.5
12 795 830 7481 4021 1098 757 105.8 7686 80, 1475 6.1 1265 15 34.6
13 8is5 108.0 | 1077 103.6 1330 | 1231 "98.1 50.0 50 730 | 37 50.8 1.6 317
14 885 76.0 845 3B1] 959 88.0 120.1 93.1 38 880! 23 66.8 1.5 81.7

15- Sakha 61 63.0 84.0 89.6 455 903 | 428 48.1 12.0 0.8 508 | 28 60.4 15 90.7
- Mean_ [ 842 805| 1012 854 10721 756 896 | 585 24 521 40 48.7 1.9 524

% Reduction B 4.4 58 20.4 347
(50 {0.06) i L | | . !
Genotypes (G) NS | 280! 363 | 11.0 452 | 335! 153 | 182 2.4 4041 32 218 29| 489
Treatments (T) _ 237 18.6 30.0 109 6.7 10.8 147.3
Durum wheat ] | | 1 ]

18 1210 107.0 | 1679 182.3 547 . 446 | 1362 | 538 55) 1110 28| 1616 08 689
T 107.0 B88.0 [ 1383 1436 895 934 870 52,2 25 389 7.1 18.0 40| 347
r 18 ] 715 920, 9880 1084 1 1204 1029 | 854 59.3 50 9.7 28 866 1.0 423

19 5201 880  T6 1.9 745 65.4 81.0 79.2 15 280 | 38 326 15 353

| 20 1210 T 1350 ] 1082 | 877 | 1102 797 ;1197 67.2 as 66.7 8.0 76.2 18] 1707
21 855 [ 101.0 82.2 90.4 86.5 65.9 805 | 694 15 403| 37 482 15] 272

22 565 | 6850 90.7 7.1 87.86 74.1 92.7 471 35 245 ] 93 376 1.0 44.2

23 Beni Suif 1 825 80.5 74.3 82.0 983 | 888 105.3 854 60 1337 3.8 130.6 10| 73.5
Mean_ 848 g21 ] 1038 | 1009 ) 814 78.8 100.8 64.2 36 B7.1 52 75.2 1.8 61.9 |

% Raduction 5.8 2.7 180 36.3
LSD(0.05) ] o I N s e u |
Genotypes (G) 40 T 378 115 B NS 158 | 168 33| 728 NS 371) 29 49.1
Treatments (T) 255 16.8 218 11 1674 17.9 1128
GXT 23.7 18.4 24.7 10.8 1213 ] 135 1127
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genotypes were generally taller than bread wheat genotypes. The reductions
in stem length averaged 10 and 9.6 % for bread wheat and 13.6 and 9.4 for
durum wheat in the two seasons, respectively. These reductions in stem
length are probably a result of combined aphid damage and the effect of
barley yellow dwarf virus (BYDYV) which is transferred by aphids to wheat
plants and results in stunting. It is worth noting that honeydew and purpling
of flag leaves, (which is a sign of BYDV) were clearly observed among the
infested genotypes at different magnitude. Waziery (1996) and Hoffman and
Kolb (1998) had similar conclusion.

Spike length was significantly different among wheat groups. During
the first season spike length ranged from 8 — 12 cm and 6- 7.5 ¢m, for bread
and durum wheat genotypes, respectively under controlled conditions.
While it ranged from 7.9 —10.1 cm and 6.6 ~ 7.7 cm, respectively during the
second season under controlled conditions. Under aphid-infested conditions,
reduction in different magnitude also occurred. However, aphids
significantly affected spike length in both seasons only in bread genotypes.
Spike length in durum wheat genotypes was reduced only in the second
season. However, the reductions were not significant in most durum
genotypes. Although the high populations of aphids is not visually observed
until after booting stage, it seems that the ability of aphids to transfer the
dwarfing virus at early stages of wheat growth had played a major role in
the reduction of stem and spike lengths.

In the first season, aphids did not significantly affect kernel weight per
spike in durum genotypes, while kernel weight was significantly reduced by
aphids in bread genotypes (averaging 19.9 %). During the second season,
both bread and durum wheat suffered significant reduction in weight of
kernels per spike in aphid-infested plots but in different magnitude, where
some genotypes were not affected (ex. genotypes number 2, 11, 17, 18, 19,
and 22), while others suffered major reductions. Weight of 1000 kernel was
significantly reduced by aphid infestation treatment, only in the second
season for both wheat groups. Percent reductions ranged from
approximately 10 to 20 percent due to aphids in bread wheat and 4 to 17 %
in durum wheat for the above mentioned traits.

Table (3) represents the means of number of spikes in one meter
length, grain yield and number of aphids per tiller in bread and durum
wheat. Number of spikes showed no specific trend in aphid-infested plots
because of inconsistent response of genotypes to aphids. In most cases, the
difference between control and infested plots was not significant. The
reason for this is because the build-up of aphid populations occurs around
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mid to late March (boot stage} when the spikes would have already been
formed, hence the effect of aphids on number of spikes would be limited.
However, the effect of aphids on spike components is expected to be higher.
Kieckhefer and Kantack (1988) reported similar findings.

Grain yield was significantly reduced by aphids in several bread and
durum wheat genotypes in both seasons. The average percent of yield
reductions were 29.4 and 34.7% for bread wheat and 16 and 36.3 % for
durum wheat in the two seasons, respectively.

During the first season, genotypes 7, 9, 11, 13 and 18 had the highest
grain yield under both controlled and infested conditions (Table 3). While in
the second season genotypes 3, 12, 14 and 23 (B. Suif 1) were the highest in
yield under both controlled and infested conditions.

Figure (2) shows the percent yield loss due to aphids in both seasons.
Genotypes 3, 14, 19 and 23 were lowest in yield reduction in both seasons.
Sakha 61 (the bread check, genotype 15) suffered more than 50% and 70 %
yield loss during the two seasons, respectively. In contract, B. Suif 1 (the
durum check, genotype 23) lost about 10% and 20 %, in two seasons,
respectively. Sakha 61 (genotypes 15), 3 and 5 consistently had the highest
yield reduction due to aphids in both seasons.

Four aphids species were recorded during the first season namely;
Green' bug (Schizaphis graminum Rondani), Bird cherry-oat aphid
(Rhopalosiphum padi Linnaeus), Corn leaf aphid (Rhopalosiphum maidis
Fitch) and English grain aphid (Sitobion avenae Fabricius). While additional
species was also identified during the second season (namely Russian wheat
aphids (Diuraphis noxia Mordvilko). The most predominant species of
aphids were S. graminum and K. padi. Several researchers (El-Hariry, 1979
and Tantawi et al., 1986) presented similar findings. These two species are
probably the most damaging to wheat plants. A sudden increase in
temperature occurred in late February during 2003/04 ( Fig. 1) and lasted
for eleven days. This sudden shift in weather pattern resulted in early-
accelerated build up of aphids, particularly Bird cherry-oat aphids, which
usually reaches its peak around late April when temperature becomes more
suitable for its reproduction. That may explain the higher yield losses during
this season compared to first one in most genotypes (Fig. 2) and hints to the
potential increase of aphid damage in Egypt in the coming years as global
warming increases.
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Fig. 2. Percent grain yield loss due to aphids in wheat genotypes during 2002/03
and 2003/04 seasons.

Trait correlations

Table (4) presents simple correlation coefficients among studied traits
under controlled and aphids-infested conditions. A significant negative
correlation was found between number of aphids per tiller and grain yield in
both seasons (= -0.314* and -0.392** for the two samples in the first
season and - 0.428** in the second season. Burton, ez al (1985) found
similar results. Significant negative correlation was also recorded between
number of aphids per tiller and kernel weight per spike in both seasons
(Table 4). The reason for this negative correlation is that the correlation
analysis included grain yield and aphid numbers under both controlled and
infested conditions. Since the number of aphids was extremely low and
yield was high under controlled conditions and vice versa under infested
conditions, the correlation coefficients were significantly negative.

Figure (4) shows that the least yield reduction due to aphids in both
seasons was shown by two bread wheat genotypes ( 3 (Cham 6} and 15 and
two durum wheat genotypes which are number 19 (Becrederaa-1) and Beni-
Suif 1. Tantawi et al. (1986) concluded that bread wheat varieties were more
susceptible to aphids (S. graminum and R padi) compared with durum
wheat. However, results of this work do not support this conclusion. This is
probably because the number of durum wheat genotypes they used was few.

Tantawi ef al. (1986) also concluded that Sakha 61 was rated as
moderately resistant to R. padi and S. graminum. In this study, Sakha 61
scored almost the highest yield loss in both seasons (more than 50 and 70%
in first and second seasons, respectively) which would classify it as
susceptible to highly susceptible variety. This difference in rating is
probably related to differences in aphid intensities in each study.
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Table 4. Correlation coefficienis over treatments (controlled and infested) in bread
and durum wheat in two seasons 2002/2003 (above diagonal) and
20032004 (below diagonal),

1 2 3 4 5 3] 7 8
L H L] * L3
1.5tem length 0214 0667 0404 0036 0300 -0.317 -0.433
{cm)
ik *
2. Spike length  }-0.160 0.071 -0.433 -0.080 0234 -0111 -0.298
{cm)
[ 2] wk LT} x
3. Kernet weight HO.SQZ -0.056 0.589 .0.036 0.366 -0.130 -0.320
{ spike (g) .
ik frie
4. 1000 kernel  10.599 -0.157 0.447 -0.025 0.094 -0.088 -0.240
weight {g)
5. Number of -0.192 0177 -0.156 -0.070 0.061 -0.005 0.119
spikes/1m
wk ok dede - £l
6. Grain yield 0.507 0.210 0.469 ©0.387 0.124 0.314 0.392
1m (g)
7. Aphidsttiller  |-0.115 -0.325 -0.237 -0.253 .0.091 -0.428 0.605

*, ** Significant r at 0.05 and 0.01, respectively.
7 is the number of aphids in the first sample.
8 is number of aphids in the second sample.

2. Susceptibility index (SI)

Table (5) presents the classification of thetested wheat genotypes
based on susceptibility index (SI), and yield index (Ys %) {expressed as
percent of mean grain yield of all genotypes under aphid infestation in
2002/03 and 2003/04 seasons. Susceptibility index is used in this
investigation to characterize the relative resistance/tolerance of wheat
genotypes to aphid infestation. Low SI (SI < 1) is synonymous to higher
resistance/tolerance and SI >1 is synonymous to susceptibility. A highly
significant negative correlation was found between SI and Ys % (-0.52 **
and --0.849** for the two seasons, respectively).

SI ranged from 0.12 to 2.04 and 0.0 to 1.95 during 2002/03 and
2003/04 seasons, respectively. Genotypes 3, 14,19 and 23 had the lowest
SI wvalues in both seasons, while genotypes 4, 6 and 15 had the highest SI
in both seasons. The remainder of the Treatments and experimental design
genotypes was not consistent between the two seasons.
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Table 5. Classification of bread and durum wheat genotypes based on susceptibility
index (SI), and yield index (Ys%) in two seasons (2002/03 and 2003/04).

2002 / 2003 Resistance 2003 / 2004 Resistance
Genotypes 81 Ys % }Groups class* SI Ys % | Groups class
Bread wheat
1 1.09 | 1067 2 5 1.07 85.9 4 HS
2 030 | 1043 1 R 1.39 {4 77.9 4 HS
3 0.12 | 1163 1 R 068 [ 1333 1 R
4 1.96 59.5 4 HS 1.92 44.4 4 HS
5 1.70 7.7 4 HS 0.00 1316 1 R
6 179 § 759 4 HS 144 | 82.8 4 HS -
7 0.99 | 1385 1 R 0.84 | 1206 1 R
3 0.93 64.2 3 MR 0.75 114.5 1 R
9 1.69 126.2 2 S 0.83 90.7 3 MR
10 1.91 97.1 4 HS 0.74 97.7 3 MR
it 0.43 | 1278 1 R 088 | 888 3 MR
12 1.15 97.2 4 HS 0.74 1256 1 R
13 0.30 158.0 ] R 1.34 81.9 4 HS
14 029 § 1129 1 R 047 | 1624 1 R
15- Sakha 61 2.04 549 4 HS 1.95 19.7 4 HS
Durum wheat
16 068 | 572 3 MR 167 | 882 4 HS
17 022 [ 1199 1 R 1.08 85.5 4 HS
18 0.57 | 1320 1 R 0.81 97.2 3 MR
19 0.43 839 3 MR 0.01 129.9 1 R
20 0.97 | 102.2 1 R 120 | 1102 2 8
21 0.91 845 3 ME. 0.81 | 113.8 1 R
22 0.63 950 3 MR 134 772 4 HS
23- Beru Suif 1 0.35 114.0 1 R 0.50 140.1 i R
Mean 0.93 0.98
LSD (0.05) 1.32 0.74

* R = resistant, MR= moderately resistant, 8 = susceptible and HS= highly susceptible

Ys % ranged from 54.9 to 158 and 19.7 to 162.4 during the two
seasons, respectively. Genotypes 3, 7, 14 and 23 (B. Suif 1) had the highest
Ys % in both seasons, while 4, 6, 15 were the lowest in both seasons. The

other genotypes were not consistent between seasons.

Data of Ysand 51 were used to group the studied genotypes based on
yield potential under aphids-infestation and degree of susceptibility. The
results were presented graphically (to facilitate the interpretation) by
plotting the mean values of Ys % and S1 for each genotype (modified from

Gavuzzi et al

Accordingly, wheat genotypes were classified into four groups:
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1- Group 1, resistant ( R), included the genotypes 3, 7, 14, and 23 in both
seasons with yield index (Ys %) above 100 and SI<1. These genotypes
had high yield and were less affected by aphids. Other genotypes were
also included in this group, but they were not consistent in both seasons.

2- Group 2, susceptible (S), included the genotypes 1 and 9 during the first
season and genotype 20 during the second season, with yield index (Ys
%) above 100 and SI > 1. These genotypes had high yield, but they
suffered major yield losses due to aphids.

3- Group 3, moderately resistant (MR), included the genotypes 1, 8, 19, 21
and 22 during the first season and 9, 10, 11 and 18 during the second
season, with yield index <100 and SI < 1.These genotypes had low
yield, but suffered less yield loss due to aphids. They are also considered
less adapted.

4- Group 4, highly susceptible (HS), included genotypes number 4, 6 and
15 consistently in both seasons, with yield index < 100 and SI> 1. There
were the genotypes with low yield potential and also suffered major
yield loss due to aphids.

it is clear that the susceptible (S) and the moderately resistant (MR)
groups did not include the same genotypes in both seasons. Itis worth
noting that the genotype 19 (Bicrederaa-1} was in group 3 (MR ) in the first
season and group ! (R) in the second season, while genotype no. 18 showed
opposite trend (Fig. 3 and 4). This indicates the need for testing genotypes
over seasons to assess their real merit in respect to aphid resistance.

CONCLUSIONS

Yield Joss due to aphid infestation was documented in this
investigation, reaching 34.7% for bread wheat and 36.3% for durum wheat.
Percent yield loss alone was not an efficient criterion for identifying adapted
resistant genotypes, because it does not show yield potential under
controlled conditions. Yield index (Ys%) identified the genotypes with the
highest yield under infested conditions compared to the mean of all the
genotypes, but it also does not consider yield potential under controlled
conditions. SI compares yield under both control and infested conditions
and relates it to mean of all genotypes (D).

Both Ys and SI could be used to classify wheat genotypes considering
both yield potential and susceptibility to aphids-infestation. This procedure
identified three genotypes as 3 (Cham 6, ICARDA improved check), 14
(Vee's//Koel's / Vee’s) and 23 (Beni-Suif 1, the local durum check).
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Although number of aphids per tiller significantly negatively
correlated with grain yield (over controlied and infested conditions together,
Table 4), no significant correlation could be found between aphids per tiller
at the peak infestation and SI, Ys%, percent yield loss or grain yield under
infested conditions only. This is because aphids populations are highly
affected by the environment and their numbers will change dramatically
depending on the time of sampling. This indicates that number of aphids at a
given time is not reliable as a selection criterion for aphid resistance.
However, accumulated aphids per tilier over the whole season along with
percent damage caused by aphids may be more reliable. Further
investigations are required.
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