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ABSTRACT. A two-scason field experiment was conducted in Gassim Reg-
ion to evaluate yield losses in wheat, ¢v. Yecorah Rojo, due to feeding of
cercal aphids on foliage and ears. Caged plots were artificially colonized
with 0, 10, 20 and 40 aphids/stem. Caged ears were colonized with the same
aphid densities at three growth stages. Losses in grain weight and grain
number at 10 aphids/stem infestation level amounted up to 27.0% and
20.2% in 1987/88 scason, and 12.7% and Y.3% in 1988/89 season, respec-
tively.

When aphids fed on developing cars, the 10 aphids/car level resulted in
grain weight and grain number reductions amounting up to 35.5% and
37.0%. 13.0% and 13.4% and 9.0% and 4.7% when infestations were
started at head cmergence, head flowering or head maturity, respectively.
Infestations starting at head emergenee were more damaging than those
starting later. [t is reccommended that treatments should be started at levels
below 10 aphids per stem or ear (at head emergence).

Introduction

Cercal aphids, cspecially Schizaphs graminum (Rondani), Rhopalosiphum padi
(Fitch.) and Diuraphis noxia (Madv.) infesl wheat and barley throughout the Cent-
ral Region of the Kingdom of Saudi Arabia (El Hag and El Meleigi 1991). Numerous
reports have been published on plant injury and yield reductions caused by aphid
fceding on wheat and barley such as decreases in the number of grains per car,
thousand grain weight, number of ears, and other yield measurcments, (Burton ez al.
1985, McPherson et al. 1986, Kieckhefer and Kantack 1986).
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Crop damage and threshold levels vary greatly according to time of the year, geog-
raphical location, aphid feeding site (Wratten 1974, Liu et al. 1986) or crop phenol-
ogy (Kieckhefer and Kantack 1986). Using different techniques to maintain various
infestation levels, economic thresholds have been developed in some situations.
Stern (1967) recommended treating greenbugs when their population is expected to
exceed 25-30 individuals/wheat tiller; no growth stage was indicated. Kieckhefer and
Kantack (1986) reported significant yield reductions in barley at artificial aphid de-
nsities of 25-30 aphids/stem, at boot stage. An economic threshold of 16 aphids/tiller
was recommended by BaAngood and Stewart (1980), while Burton et al. (1985)
suggested fewer than 10 greenbugs per plant for fall wheat, and fewer than 20 green-
bugs per plant for spring wheat. For aphids feeding on wheat ears, George (1975) de-
rived an economic threshold of 5 or more aphids/head at flowering. BaAngood and
Stewart (1980) recommended treating at aphid levels of 10-18/ear at flowering and 8-
16 aphids/ear at the milky-ripe stage. Based on an acceptable 5% yield loss, Liu et al.
(1986) arrived at an economic threshold of 4-5 aphids/ear up to and during anthesis.

In Central Saudi Arabia cereal aphids reach damaging levels only after the booting
stage; when most of the aphid feeding is on the developing ears and maturing leaves
(El Hag and El Meleigi 1991). Because the economic injury levels and the economic
thresholds are unclear, the present study was aimed at measuring yield losses incur-
red due to feeding by cereal aphids at a range of densities on wheat foliage and on
ears under field conditions. The results should be useful in the determination of
economic injury levels and economic thresholds, to improve the accuracy of cereal
aphid control decisions in this region.

Material and Methods

Two field experiments were conducted during winter seasons of 1987/88 and 1988/
89, at the College of Agriculture Experimental Farm at Meleida, on the wheat cul-
tivar Yecora Rojo (obtained from Genetics International of California, USA).

Experiment I

This experiment was conducted to evaluate yield losses caused by feeding of diffe-
rent densities of aphids (S. graminum and R. padi) on foliage during and after the
booting growth stage (Zadoks et al. 1974).

Sixteen experimental plots, each comprising five rows, onc-meter cach. were es-
tablished randomly in a 15 X 20 m wheat stand. A butfer zonc of at least one metre
was left between plots to reduce problems associated with insecticide drift (Hen-
drickson and Day 1986). The experimental unit was 0.3 m of row in each plot selected
randomly and replicated four times in a completely randomized design, Before the
units werc infested with aphids the stand was thinned to 5 stems/0.3 m row (Burton er
al. 1985). Plots were allocated for aphid levels of 0, 10, 20 and 40 aphids/stem. Each
of the twelve experimental units was infested with 5 adults or nymphs per stem, from
laboratory reared colonies. The plants were at the boot stage (Zadoks et af. 1974)
when infested. If aphids did not establish themselves, plots were reinfested a few
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days later, The plants in each experimental unit were enclosed with a muslin-covered
wooden cage (35 X 35 X 50 ¢cm) to prevent aphid contamination of control plots, and
to restrict aphid movement into and out of the treated plots. At the time of ex-
perimentation, natural aphid infestations in the surrounding fields were 0.94 and
0.18 aphids/stem in 1987/88 and 1988/89, respectively.

In infested units, aphids were allowed to increase until the infestation reached the
designated levels and the time taken was recorded. Infestations were terminated at
this point by applying pirimicarb sprays (0.5 gm a.i./l.).

Visible plant damage was recorded using the method of Burton er al. (1985) based
on a 1-9 scale (1 = no aphid damage, 9 = all plants dead or dying). Wheat ears were
hand-harvested, threshed, grains weighed and number of grains per ear was deter-
mined.

Experiment 2

In this experiment the procedure developed by Liu er al. (1986) was followed with
slight modifications. The aim was to investigate the above effect on yield compo-
nents by caging aphids on individual wheat heads.

Heads of wheat (cv. Yecorah Rojo) were covered with perforated 15 X 25 cm plas-
tic bags just after ear emergence. The ears selected were of comparable size. Caged
ears were inoculated with females from a laboratory reared colony at the rate of 0,
10, 20 and 40 aphids/ear at ear emergence, flowering and at milky-ripe stage (except
in 1988/89). Aphids were left in the cages for five days after the soft dough stage when
they were killed with pirimicarb sprays, as in previous test.

Treatments were arranged in a completely randomized design. Each individual
wheat ear served as a replication, 10 replications per aphid inoculation level were
used for each ear development stage. Aphids on ears were kept constant for each in-
oculation level by counting and adjusting them twice weekly. At maturity, individual
ears were hand-harvested, threshed and weights were determined.

Results and Discussion

Experiment I

The introduction of 5 females and/or nymphs per stem resulted in peak levels of 10,
20 and 40 aphids per stem after 12, 15 and 21 days in the 1987/88 and after 8, 13, and
16 days in the 1988/89 trials, respectively. The visible plant damage according to the
1-9 scale was 1, 2-3, 4-6 and 7-8 in 1987/88, while it was 1-2, 3-4, 4-6 and 7-8 in 1988/
89, for aphid levels of 0, 10, 20 and 40 aphids/stem, respectively. Most of the plants at
the 40 aphids/stem level showed severe yellowing, necrosis or drying up, while those
at the 10 aphids/stem showcd only slight localized yellowing or browning,

The grain weight, grain number and losses incurred at each aphid infestation level
in the two seasons are given in Tables 1-3. Statistical analysis revealed that significant
differences exist (£ = (0.05) between yields in the control, treatments and all levels of
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aphid infestation in season 1987/88, (i.e., in grain weight and grain number), Table 1.
No significant differences were observed between yields obtained at aphid levels 10
or 20 per stem, but did exist between these two levels and the 40 aphids/stem level of
infestation, Table 1. In season 1988/89, the analysis disclosed significant differences
(P = 0.05) between yields obtained in the control treatments and the two higher
levels of infestation. No significant differences were evident between the control and
the 10 aphids/stem level, however, a 12.7% yield reduction was observed at this level
compared to the control, Table 2. The same pattern was observed when looking at
the grain number, which showed a 9.3% reduction when stems were infested with 10
aphids/stem levels, compared to the control. Significant differences did exist bet-
ween the control and the 20 and 40 aphid/stem levels, both in grain weight and grain
number as well as between the 10 and 20 aphid/stem levels, in grain number. In fact,
the non-significant differences between 20 aphids/stem and 40 aphids/stem indicate
that when the infestation reached 20 aphids/stem the damage has already happened
to the crop.

TABLE 1. Average grain weight and grain number per stem of artificially aphid-infested caged wheat at
varying levels of infestation; Gassim 1987/88, 1988/89.

"Means = $.D
aph?c;:;l/(;:em Grain weight (gm/ ear) Grainno./ear
1987/ 1988 1988/1989 1987/1988 1988/1989
0 1.89 + 0.3a 1.10 = 0.2a 40.9 = 7.2a 26.8 * 1.9a
10 1.38 = 0.45b 0.96 = 0.1ba 32.7 = 8.3b 24.4 = 2.3ba
20 1.39 = 0.3b 0.75 = 0.2bc 31.1 = 6.7b 22.3 + 1.5bc
40 1.16 = 0.3¢c 0.63 = 0.2¢c 27.1 + 6.7¢ 18.3 = 4.4c¢

*Means (in vertical columns) followed by the same letter are not significantly different,

The calculated percentages of yield reduction due to aphid feeding at the three
aphid/stem levels of infestation were given in Table 2. Yield losses in season 1987/88
were substantial even at the lowest tested level, i.e., 10 aphids/stem, both in grain
weight and grain number, being 27.0 and 20.2%, respectively. Losses arc cven grea-
ter in grain weight in 1988/89 than in the previous season ¢t the 20 and 40 aphids/stem
levels.

The vields per head were noticeably lower in 1988/89 season relative to those ob-
tained in the previous season. This was reflected o 1total yield when estimated in ton/
ha., Table 3. This trend in the second year’s crop was attributed to environmental
stresses such as abrupt temperature fluctuations, Table 4. Similar to the prcvious
season, high losses were incurred at aphid/stem levels exceeding 10 individuals/stcm
when infestations started at boot stage, In both sea:ons the estimated losses at the
lowest aphid infestation level ranged between 0.28-1.02 ton/ha, Table 3. An
economic appraisaf of the infestation indicates that ain average farmer holding 25 ha,
loses between 14-51 thousand SR/season of his profits (assuming a price of 2 SR/kg of
wheat). This, obviously, is a substantial reduction in net profits that a farmer would
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TaBLE 2. Mean percent yield reductions when aphids were introduced at 10, 20, and 40 aphids per stem
(1987/88 and 1988/89).

% Yield reduction/ear
Aphidlevel In grain weight In grain number
perstem
1987788 1988/89 1987/88 1988/89
10 27.0 12.7 20.2 9.3
20 26.5 31.8 24.1 16.9
40 38.6 42.7 339 318
SD.(x) 6.8 15.2 7.1 11.4

TaBLE 3. Grain losses in t/ha incurred due to various levels of aphids infestation per wheat stem (1987/88

and 1988).
Grain weight* Losses
No. of aphids t/ha t/ha
perstem
1987/ 88 1988/89 1987/88 1988/ 89
Zero 38 x00 2203 - -

10 2809 1.9 0.2 1.02 0.28

20 2.8 0.6 1.5 %04 1.0 0.70

40 23 +0.6 1.3 £ 0.5 1.5 0.94

*Based on estimates of an average farm having 2 million ear/ha, (El-Meleigi ef al. 1990).

Grain weightiear (gm) x 2 million

1000 % 100 t/ha

TABLE 4. Minimum, maximum and mean” temperatures and relative humidity for months Oct. 88— June
1989, Buraydah, Gassim**.

Temperature (°C) Relative humidity (%)
Month
Min. Max. Mean Min. Max. Mean
Oct. 1988 14 38 26.8 18 66- 36.6
Nov. 1988 3 33 17.9 29 81 46.3
Dee. 1988 -1 28 14.3 14 100 62.6
Jan. 1989 -4 24 8.9 14 92 53.8
Feb. 1989 -5 29 11.2 20 88 50.5
March 1989 6 33 19.1 22 95 49.8
April 1989 1 37 22.7 25 91 422
May 1989 18 43 30.1 14 46 28.1
June 1989 14 44 31.2 17 44 25.7
*Means calculated using M%Lm for cach month.

*"Source: Gassim airport metcorological data, 1988/1989.



36 El Tayeb A, El Hag

try to avoid by selccting lower economic thresholds in light of costs of control mea-
sures.

An acceptable toss level of 5% has been referred to by some researchers, (Liu et al.
1986), but in many cases only aphid/stem levels were mentioned. Kieckhefer and
Kantack (1986) suggested that 25-30 aphids/stem (artificial infestation) at boot stage,
will significantly reduce barley yields, Stern (1967) recommended treatment when
populations were expected to exceed 25-30 aphids per wheat tiller. However, both
former reports did not specify the crop growth stage or the amount of losses. An
economic threshold of 16 aphids/tiller was recommended by BaAngood and Stewart
{1980)). Burton et al. (1985) suggested less than 10 greenbugs per plant for fall wheat,
and less than 20 greenbugs/plant for spring wheat. Our result is in agreement with
that of Burton et a/. (1985) for fall wheat, although the aphids multiplication rate in
this warm environment is relatively faster.

Experiment I1

The results of this experiment are shown in Tables 3-9, for the two seasons 1987/88
and 1988/89. The 87/88 data indicated that yields were significantiy reduced (P =
0.05) when ears were infested with 20 aphids each or more at the stages of emergence
or flowering, and at maturity at 40 aphids/ear, (Tables 5 and 6). Reductions in grain
welight were as high as 31 and 37% (Table 7) when ears were each infested with 20
aphids at emergence or flowering, respectively. When infestations at 40 aphids/ear,
were started at either ear emergence or flowering, yields were severely reduced, ap-
proaching 50%, but at maturity they were not as great. Reductions in yield at the 10
aphids/ear level were 13% and 9.1% when infestations were started at head flower-
ing and head maturity, respectively, a loss unlikely to be tolerated by the producer.

In Table 8, the loss in ton/ha was calculated based on an estimated 2 million heads/
hataverage wheat field in the region (El Meleigi ez al. 1990). Grain production at zero

TABLE 5. Average grain weight (gm/ear) obtained at various levels of aphid infestations per wheat ear,
for two seasons, Gassim 1987/1988, 1988/1989.

Level of aphid X ¥ S.D of grain weight / ear (gm) at 3 stages of ear development Overall
infestation Atemergence At flowering Atmaturity average

0 87/88 19+ 0.4a 1.5+04a | 1.8+02a 1.7a

B8/89 1.1 +0.2a 1.1 +04a - 1.la

10 87/88 1.8+ 0.3a 1.3+03a 1.6 + 03 a 1.6 a

88/89 0.7+ 04b 1.1 +03a - 09b

20 87/88 1.3+05b 0.97 + 0.4b 1.5+03a 12b

B8/89 0.5+ 0.1b 1.0 +02a - 08¢

40 87/88 09+ 03b 08+02b 04 +05b 1.0b

-88/89 0.6 +0.3b - 0.5a

*Mcans (in vertical columns) followed by the same letter are not significantly different.
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TABLE 6. Average grain numbcer/ear of artificially aphid-infested wheat ears at varying pest densities at
three stages of ear development, Gassim 1987/88 and 1988/89.

L-evel ofgphld X = S.D" of grain no. at 3 stages of ear development Overall
infestation/ average
ear at Emergence Flowering Maturity &
0 87/88 419 x93a 351 109 a 338+ 72a 370a
88/89 31.1 =50a 316 517a - 31.6a
10 87/88 398 * 6.2 4 304+ 38a 322+ 76a 3.1b
88/89 19.6 + 6.3 a 314+ 57a - 2550
20 B7/88 283+ 95b 257+ 670b 294+ 50a 288b
88/89 16,6 = 1.7b 31,6 £ 46a - 248b
40 87/88 270 65D 284 = 7.6ac 3.9 +121a 27.7h
88/89 I1B.7x65h 87+ 65b - 187 ¢

“Mecans followed by the same [etter are not significantly different (vertical columns).

TaBLE 7. Mean percent yield reductions due to various levels of aphid infestations per wheat ear for two
seasons, Gassin, 1987/1988, 1988/1989,

% Yield reduction at
’?phild Earemergence Ear flowering Ear maturity
eve
per Grain weight Grainno. Grain weight Grainno. Grainweight Grainno.
ear
R7/88 | 88/89 | §7/88 | 88/R9 | 87/88 | 88/89 | R7/B8 | BR/SY | 8T8 | 88/BY | R7iBB | BB/AY
10 2.7 | 355 50 | 370 | 130 45 | 134 0.6 9.1 - 4.7 -
20 308 | 56.¢ | 323 | 466 370 8.0 | 268 0.0 {140 - 13.1 -
40 497 1491 356 ]399 [494 | 575 | 19.0 408 | 194 - 8.6 -
SD(=) 236 | 106 | 168 49 1185 | 296 67 | 237 5.2 - 4.1 -

aphids/ear were 3.7,3.1 and 3.5 ton/ha at ear emergence, flowering and maturity, re-
spectively (Table 8). Greater losses are incurred when head infestations start at early
crop stages and with increasing aphid/stem levels.

Grain number was also reduced due to aphid infestations. Significant differences
in grain number/ear (£ = 0.05) were observed between the control and the 20 and 40
aphids/ear, at ear emergence and flowering stages (Table 6). However, no differ-
cnces were obtained at any of the aphid levels tested at the head maturity stage.

The results obtained in season 88/89, generally, indicate that yields are always sig-
nificantly reduced at all aphid levels when infestations take place at ear emergence
stage. However, the yield differences between aphid levels were not significant. At
10 aphids/ear at emergence, the grain weight and grain number obtained were 35.5
and 37% less than the control, respectively (Table 7) thus amounting to an estimated
loss of 0.8 ton/ha (Table 8). At the 20 and 40 aphids/ear levels the grain weight reduc-
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Tanie 8 Mean grain losses in Uha, incurred due to various levels of aphid infestations per wheat ear, for
two seasons, Gassim, 1987/88, 1988/89,

*Grainweight (tha) + S.E Losses (Vha)

Aphid

level EE EF EM EE EF EM
percar

87188 8R/89 57/88 88/89 8788 88/89 | BT/ | BR/9 | RIWR | KRRY [ 87/88 | 88/8Y

0 [ 37208 | 22205 | 3108 | 23208 | 35204 | - - - - - - -

10 Jox06" | 14207 1 27£086" | 22206 ) 32£06° - 01 [ 08 |04 101 |03 -

00 126000 1002 | 19208 | 20204 | 30206 | - L1 | L2 120205

40 19+06" (10205 | o204 | 10202 | 182000 ) - I8 |12 LS| LY LT -

“Based on estimates of an average form supporting 2 million carstha (EL Meleigi ef al. 1990).

Grain weight/ear (Gm) x 2 million 1
1000 % 1000 - tha

EE = ear emergence, EF — car flowering, M = car maturity.

tions were 56.4 and 49.1%, amounting to estimated losses of 1.2 and 1.2 ton/ha, re-
spectively (Tables 7 and 8). Grain weight and grain number were both significantly
lower (at the 10 and 20 aphids/ear levels) when infestations started at ear emergence
than at flowering (Table 9), indicating that early infestations are more damaging to
yields than those starting later. Losses consistently increased with increasing aphid/

ear infestations, the greatest being at 40 aphids/ear (i.e., 1.3 ton/ha) at flowering
(Table 8).

Tanir 9. Grain weight and grain no./car of wheat plants artifictally infested with varying aphid densities at two
stages of ear development. Gassim 1988/89.

Stage of "Muan = S.D of grain weight (zm) or grain no./car at aphid densities/ear
o Zetw 10 0 40
develop-
ment - . . . "
Weight No. Weight No Weight No Weight No.
Al

omergence § L10+0.24a [ 3106+ 50 2| 071 £ 037 [19.60 = 6.30a | 048 = 0.®a | 16.60 * 1.71a | 0.56 = 0.25b | 187 = 6353

Al
fowenng { 11320422 | 3060+ 5072 | 1110 = 0280 | 31.40 = 5.68b | 104 + (.22 13160 = 4.SUb] 048 = 0.011b | 1870 £ fd%a

“Meaas in vertical calumns followed by the same fetter are not significantly diffcrent.

Yiclds were generally lower in season 88/89 than in the previous one, being 2.2 and
2.3 ton/ha for the controls at ear emergence and flowering, respectively, compared
to 3.7 and 3.1 ton/ha in the previous season, respectively. However, the yield reduc-
tions in the two seasons were more or less similar for the two higher aphid/ear levels
at ear emergence. These were 1.2 and 1.2 ton/ha for 88/89, and 1.1 and 1.8 ton/ha for
the previous season, at 20 and 40 aphids/ear, respectively. At head emergence yield
reductions at the 10 aphids/ear level werc higher in season 88/89 than in the previous
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one. However, the fact remains that even 10 aphids/ear at the emergence stage may
produce an untolerable loss that may amount upto 35.5% of the total yields. Ten
aphids/car infestations starting at the total flowering stage may produce from 4.5-
13% yicld losses as found in season 88/89 and §7/88, respectively.

The results of the experiment agree with those of BaAngood and Stewart (1980)
who recommended treatment at aphid levels of 10-18 per ear at flowering. They also
do not contradict those of Liu et al. (1986} who arrived at an economic threshold of 4-
5 aphids/ear upto and during flowering stage based on an acceptable 5% yield loss. In
this study 10 aphids/ear at flowering produced between 4.5-13% vield reduction,
thus suggesting an economic threshold below 10 aphids/ear. The findings that infes-
tations starting at head emergence are more damaging to yields than those starting
later, provide grounds for recommending treatments at levels below 10 aphids/ear at
this crop development stage. This aphid/stem level of infestation at head emerpence
has resulted in yield reduction between 2,7-35.5% in seasons 87/88 and 88/89, respec-
tively (Table 7). This wide range of variation betwcen the two seasons could be due,
mainly, to environmental seasons. The results also agree with those of George (1975)
who derived an economic threshold of 5 or more aphids per ear at flowcring.

As a conclusion, we can state that an economic damage amounting upto 13% can
result if aphid infestation levels at head flowering stage reached 10 aphids/ear. How-
ever, if infestations start at head emergence stage this level may produce upto 35%
yield losses. It is important here to reiterate the fact that cconomic thresholds have
dynamic values that fluctuate continuously under the influence of crop values, costs
of available control procedures and human preferences.
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