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Abstract

Faba bean (Vicia faba L.) is one of the major food legumes
grown in Egypt. Though there is a recommended plant density for
this pulse, small-scale farmers grow it at any convenient spacing.
They do not purposely vary the spacing to evaluate any changes in
yield. Knowledge of the ecological characteristics of faba bean at
various population densities might - suggest new ways - of
establishing and managing injurous pests of this pulse. The present
investigation was conducted in middle Egypt region, during
2008/09 and 2009/10 seasons, to determine the effects of different
plant populations on varietal response, crop productivity, and aphid

" abundance. Three local recommended cultivars, i.e., Masr 1, Giza 2
and G 429 grown under four plant populations (8, 16, 24 and 32
plants /m?) were investigated in a randomized compiete split block
design replicated four times. Dense planting satisfactorily
decreased the proportion of plants infested with cowpea aphid by
31.4 and 22.6 % in 2008/09, 47.8 and 33.8 % in 2009/10 seasons
at planit population of 24 and 32 plants /m?. It could have reduced

. the subsequent rate of aphid multiplication and finally the aphid
population size per unit area. This probably because individual

‘plants in dense stands are less nutritious and have a shorter

maturation time than plants in sparse stands. Therefore, smali-
scale farmers are advised to plant faba bean at a population
density ranging from 100800 to 134400 plants ffed.

Keywords: Faba bean, Cultivars, Plant Density, Aphids, Seed:
Yield.

INTRODUCTION

Cowpea aphid (Aphis craccivora Koch.) is a cosmopolitan species, it occurs
abundantly only in Mediterranean, subtropical and tropical regions (Blackman &
Eastop, 2000). It attacks many legume and also non-legume crops such as citrus and
cotton. Damage to faba bean, Vicia faba L.. may be caused by direct feeding or/and
transmission of several viral diseases (El-Defrawi, 1987; Bos & Makkouk, 1994; Abd
El-Wahab, 1998 and Srivastava et a/, 2010). A. gaccivora develops best on the
growing tips of plants, stems, flowers and on immature seed pods. The ecology of A.
craccivora has also been extensively studied in Egypt (Salem, 1998; Hossni, 2004), in
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relation to its role as a vector of persistant and non-persistant viruses {Abd El-Wahab,
1998 and El-Defrawi ef a/, 2000). Cultural methods is the deliberate

alteration of the production system, either the cropping system itself or specific crop
production practices, to reduce pest populations or avoid pest injury to crops (Risch,
1587.). El-Defrawi, 2009, gave details of insect culture control affecting food-legume
crops, comprising the regular farm operations to destroy the arthropod insect pests or
to prevent them from causing injury to the faba bean crops, have heen used as
preventive measures against insect pests (Ferro, 1987 and Ldpez-Bellido et a/, 2005).
For the achievement of cultural control, the phenomenon of plant spacing has been
remained as focal point by certain entomologists. Practically scarce specific work has
been reported to check the aphid infestation in the faba bean crop by adopting
different inter row spacing in Egypt. Though, this pest can be controlled by insecticide
spraying, but the indiscriminate use of chemicals have created many problems like
infamous three viz., resurgence, resistance and residue aspects besides the health
hazardous. The contained application of insecticides has enhanced' the potential for
development of secondary insect pests. An effective way to insecticides resistance
management and still to maintain insect poputation densities below the economic
threshold is to reduce the use of pesticides with the integration of other control
strategies (El-Defraw, 2009). As the recommendations of the modern technology of
pest control, emphasize economical and ecological considerations prior to pests
management, the present investigation was under taken to manage this one of the
most nefarious biotic constraints of faba bean recently obvious by the use of cultural
practice. Crop varieties with improved attributes are not always sufficient to reach
self-sufficiency in food. Management practices such as optimization of plant density
are equally importent as additionat different agronomic characters for pest
management. Therefore, the objective of this study was to evaluate the effects of
different plant population densities. on aphid infestaion and vield botentiality of three
local cultivars under field conditions at ARC, Sids Research Station, Beni-Suef
Governaorate, during 2008/09 and 2009/10 cropping season. '

MATERIALS AND METHODS

A field experiment was conducted at Sids Agriculture Research Station, Beni-
Suef Governorate, middle Egypt in 2008/09 and 2009/10 winter growing seasons. The
present work aimed to find out the optimum plant populations of three local cultivars
of faba bean (Vicia faba L.) viz., Masr 1, Giza 2 and Giza 429 grown under natural
infestation with legume aphids. The crop was sown in the 1%. week of November in
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both seasons. Four plant densities {(PD1= 8, PD2= 16, PD3= 24 and PD4= 32 plants
/m2 by means 33600, 67200, 100800, and 134400 plants /fed.) were tested. The
experimental plot was 6 x 7 m2 (1/100 fed.), laid cut in a randomized split block
design with four replications. Spraying agaiﬁst insect pests or viral diseases were
omitted but the whole experimental area was hand-weeded twice

and weeds were kept well controlled. The plots were harvested between 5-10 May in
the two seasons. The finat harvested seed yield was calculated from a net area of 25
m2 /piot. At the vegetative growth stages, in any sampling date, 10 plants /plot were
randomly chosen and replicated 4 times at each field plot of the respective treatment
(four plant population densities) were applied on three faba bean cultivars. The
activity and abundance of cowpea aphid, Aphis cacovora Koch.,, were weekly
recorded starting from the 1%, week of December 2008 and 2009 until the end of the
season in the 2™, week of April 2009 and 2010. Insects on the upper most two-thirds
of plants {(one central shoot / plant) were checked using the inverse binomial sampling
technique (Hafez, 1964 and El-Defrawi, 1987). The mean of the 4 replicates was
worked out to represent population density. Data were tabulated and statistically
analysed adopting the procedure of Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

A- Aphid and plant popidation:

Total aphid abundance on faba bean plants varied significantly (£ < 0.001)
among sampling times on the four plant densities applied on the three focal cultivars
Masr 1, Giza 2 and Giza 429, The population of cowpea aphid (CA), Aphis craccivora
had an quite abundance in the two growing seasons 2008/09 and 2009/10 (Tables 1
& 2). In 2008/09 season, faba bean field plots planted at the density of 8 and 16
plants /m2 confronted higher populations of CA (498.6 = 98.3 & 487.5 + 102.3);
(740.4 £ 115.2 & 708.6 + 101.7) and (540.2 + 114.9 & 472.0 £ 101.6) individuals
/plant shoot of the three cultivars, respectively, forming one group without significant
differences. On the contrary, plots planted at the 24 and 32 plants /m2, comparatively
harbored lower infestations of aphids being (405.1 + 83.7 & 392.7 £ 85.5); (651.8 +
107.9 & 529.3 + 104.4) and (413.4 £ 86.7 & 359.1 *+ 74.5) individuals /plant shoot
on the same rate of planting population of the three tested cultivars Mast 1; Giza 2
and Giza 429, respectively, and also forming one group without significant differences.
During the second season 2009/10, the same trend of aphid abundance harboured
faba bean plants was true. Faba bean plots planted at lower density per square meter
(8 & 16 plants /m2.) exhibted the highest sustained of CA populations; while those
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“planted at higher population densities 24 & 32 plants /m2, harbored lower numbers of
cowpea aphids. The four means of seasonal aphid counts harbored the faba bean cv.,
Masr 1; Giza 2 and Giza 429 varieties being (603.4 + 71.8, 552.2 + 63.4, 452.5 +
62.2 and 408.5 + 50.4); (728.5 + 83.0, 704.2 + 84.0, 633.9 = 75.7 and 557.6 +
67.3) and (726.3 £+ 82.9, 673.5 + 77.1, 604.9 + 70.9 and 483.7 * 61.5) insects /plant
shoot, for the field plots cultivated at the rate of 8, 16, 24 and 32 plants /m?2,
respectively. There were highly significant relationship between aphid number and
'plant densities. The higher and the lower rate of plant densities were negatively
affected by A. craccivora population in the two successvie seasons 2008/09 and
2009/10 (r= -0.5262 and -0.7520, respectively). The lowest aphid p opulation was
obtained when planting took place at higher density 24 and 32 plants /m?2;
meanwhile, the lower rate of plant populations 8 and 16 plants /m2, sustained the
maximum aphid populations in the two tested seasons. '

B- Aphid and faba bean cultivars:

_ The cowpéa aphid abundance varied significantly among the studied cultivars
: of the faba bean (Fig, 1). The susceptible ‘Giza 2’ cultivar was better accepted by A.
craccivora than ‘Giza 429’ and ‘Masr 1’ cultivars. According to the least significant
differences value (57.04 at P 0.05), the_different cultivars in this investigation can
therefore be arranged exponentially based on apﬁid populations they harboured
during the whole two growing seascns, Masr 1 (475.1 individuals), Giza 429 (534.1
individuals) and Giza 2 (656.8 individuals) per plant sﬁoot. The effect of other factors
affecting aphid abundance were not evaluated In the present work, such as
environmental conditions that previously investigated by El-Defrawi, 2002. Moreover,
some biotic and abiotic factors affect differently aphid biology on different cultivars
(Van Lerberghe-Masutti & Chavigny, 1998 and Vorburger & Ramsauer, 2008). The
negative relation between A. craccivora abundance and plant density funit area
observed, is in agreement with the results of Auclair (1989) that related usually higher
fecundity and reproductive periods of this aphid species. Interestingly, aphid
abundance was strongly corréfated with plant population density on the three tested
cultivars (Holt & Wratten, 1986, Ei-Defrawi ef a/., 1998 and Asin & Pons, 2001).



Table 1. Fluctuations in population density of Aphis craccivora on three faba bean cultivars planted. at four densities 8, 16, 24 and 32
plants/m?2., Sids ARC, Beni-Suef Governorate, middle Egypt. 2008/09 season.

Aphids /plant shoot at indicated cultivars

Inspection date Masr 1 Giza 2 Giza 429
Pdl Pd2 Pd3 Pd4 Pdl Pd2 Pd3 Pd4 Pd1 P42 Pd3 Pd4
1%, w. Dec. 98.7 96.0 62.0 36.0 120.0 135.7 107.7 141.0 118.3 - 109.0 101.3 129.0
2™, w, Dec. 101.7 11023 92.7 69.7 151.7 233.7 188.3 184.7 132.7 105.7 115.3 149.7
3", w. Dec. 136.3 122.0 123.7 100.0 234.3 286.3 249.0 229.0 155.3 131.0 148.0 173.3
4™ w. Dec. 211.0 254.3 201.7 171.0 257.7 356.0 323.0 285.0 263.3 3113 245.7 206.7
1% w, Jan, 722.7 697.7 571.3 591.7 887.3 830.3 789.0 743.3 787.3 720.3 607.3 502.3
2. w. Jan. 348.0 399.7 3473 3213 575.0 456.3 453.7 389.3 491.3 479.0 448.7 418.3
3% w. Jan. S64.3 618.0 519.7 509.0 768.3 7353 648.0 490.7 672.3 631.7 525.3 473.3
4" w, Jan. 996.7 1079.3 §32.0 812.0 1242.3 1207.0 1209.7 1214.3 1097.3 1005.7 856.0 797.7
1%, w, Feb. 912.0 867.0 743.7 721.0 1114.0 1050,7 999.3 982.3 925.7 868.3 798.0 679.0
2 w. Feb. 1240.0 1279.7 950.0 918.0 13970 1324.3 1283.7 1356.3 1310.7 1196.7 1007.0 866.7
39, w. Feb. 1218.0 1227.7 984.7 1087.7 1563.7 1439.7 1289.0 1237.0 1513.7 1353.3 1100.0 944.3
4™, w. Feb. 921.7 924.7 883.0 821.0 14263 1296.0 1348.3 765.7 10753 783.0 782.3 636.7
1% w, Mar. 733.0 609.3 613.0 577.3 961.0 857.7 1054.3 811.3 707.3 399.3 411.3 317.0
2%, w. Mar. 220.0 162.7 146.7 176.7 1005.7 940.3 794.7 403.3 342.0 271.0 205.3 87.7
39, w. Mar, 269.7 159.7 111.0 98.0 584.0 615.0 506.0 127.7 87.0 86.7 67.0 60.0
4", w, Mar. 144.0 103.7 69.7 24.0 707.7 544.0 397.3 85.7 32.7 32.3 16.0 21.0
1%, w. Apr. 85.3 52.7 24.7 29.3 254.7 332.0 70.0 49.7 8.7 4.3 6.0 1.0
2" w. Apr. 5i.0 18.7 15.3 4.3 77.0 114.3 21.7 31.0 3.0 6.7 0.0 0.0
Mean + SE 498.6 4875 405.1 392.7 7404 708.6 651.8 5293 540.2 472.0 413.4 359.1
i + 98.3 +102.3 + 83.7 + 85.5 +115.2 £101.7 +107.9 +104.4 +114.9 £101.6 + 86.7 + 74.5
"Fand (A - 18.26 (>0.0001) 12.15 (>0.001) 14.50 (>0.0001)
L.S.D,(0.05) 36.43 75.85 58.08

Pdi= 8 Plants /m2.; Pd2=16 Plants /m2.; Pd3=24 Plants /m2.; Pd4= 32 Plants /m2; SE.= Standard Error of means.
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Table 2. Fluctuations in. population density of Aphis craccivora on three faba bean cultivars planted at four densities 8, 16, 24 and 32
plants/m2., Sids ARC, Beni-Suef Governorate, middle Egypt. 2009/10 season.

Aphids /plant shoot at indicated cultivars

Inspection date - Masr Giza 2 Giza 429

Pd1 Pd2 Pd3 Pd4 - Pd1 Pd2 pd3 Pd4 pdi pd2 - Pd3 Pd4
1%, w, Dec. 30.3 39.7 22.4 243 57.2 35.9 22,6 19.7 38.4 233 21.9 71.3
2", w. Dec. 418.7 335.7 284.0 454.8 429.8 281.8 419.0 264.8 | 442.4 370.1 350.7 317.2
37, w. Dec. 650.3 607.7 5082 { 5006 656.5 422.9 614.2 510.8 714.1 647.1 616.6 535.2
4" w. Dec. 608.9 548.7 435.0 422.5 691.1 623.6 625.3 545.9 707.5 668.0 622.9 554.5
1*. w. Jan, 568.9 554.7 414.5 400.0 905.8 854.3 822.7 698.7 793.1 794.2 683.8 621.0
2™ w. Jan. 566.9 546.9 410.6 381.7 918.5 927.3 793.3 702.0 728.7 794.8 683.8 554.8
39, w. Jan. 645.3 632.4 452.1 436.5 1060.5 1138.5 919.8 757.6 855.0 839.2 726.0 622.1
4% w_ Jan. 699.3 676.7 506.1 497.4 1034.2 1103.9 954.6 878.1 - 1060.2 966.2 §22.9 764.2
1%, w. Feb. 1027.9 849.7 814.8 592.9 1054.5 945.6 755.5 711.0 1138.8 794.3 817.7 4269
2" w_Feb. 1327.0 1038.2 11029 776.5 1302.2 942.9 1128.2 888.6 13039 1011.2 1023 4 764.2
39, w. Feb. 780.2 663.3 553.6 625.3 993.6 1027.2 978.7 889.7 1072.2 1025.2 934.3 796.2
4™ w. Feb. 793.7 742.3 681.1 672.2 959.3 1018.5 888.5 $80.4 997.3 1054.7 1002.5 882.9
1%, w. Mar. 541.8 542.3 . 289.2 138.0 598.4 599.2 351.6 329.7 666.0 598.0 431.8 251.4
2™ w. Mar, 540.5 459.5 512.7 463.7 662.5 §38.7 663.6 629.0 775.6 916.0 702.1 5484 |
3", w. Mar. 758.5 918.0 579.3 426.8 785.0 687.9 584.1 516.2 969.6 564.3 567.4 296.8 |
4% "w, Mar. 735.6 704.0 698.9 630.6- 907.0 1077.0 916.7 815.3 §60.8 1041.1 908.4 799.5 -
1%, w. Apr. 625.0 525.4 246.7 204.0 726.9 706.8 495.2 443.2 520.8 571.7 462.1 319.5
2w, Apt. 98.9 49.1 43.1 79.0 45.3 79.3 67.8 64.9 92.9 69.1 62.0 42.8

603.4 5522 452.5 408.5 7285 704.2 633.9 557.6 726.3 673.5 604.9 483.7

Mean+3E. | g £634 | +622 | +504 + 83.0 + 84.0 £757 | +67.3 + 829 +77.1 +70.9 £ 61.5

"/ and (P 19.96 {>0.0001) 17.65 (>0.0001) 23,01 (>0.0001)
L.5.D.{0.05) 57.15 52.30 62.40

Pdl= 8 Plants /m2.; Pd2=16 Plants /m2.; Pd3=24 Plants /m2.; Pd4= 32 Plants /m2; SE.= Standard Error of means.
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Fig. 1. The relashionship between planting densities (Plants /m2.) and the
corresponding infestation levels of A caccivora harboured plants of faba bean
{Aphids /ptant shoot), Sids ARC, Beni-Suef Gover., Egypt.
(Y= -56.403 X + 657.57, R2= 0.9864 in 2008/09 season)
(Y= -68.793 X + 766.08, R2= 0.9826 in 2009/10 season)

The accurllated forementioned results lead to the conclusion that dense
planting of faba bean satisfactorily decreases the proportion of plants infested with
cowpea aphids by _

(31.4 % & 22.6 %) in 2008/09; and (47.8 % 8 33.8 %), in the second season
2009/10, at the plant population rate of 24 and 32 plants /m2, and in turn reduces the
subsequent rate of muitiplication of aphids and finally the size of the population per
unit area, probably because individual plants.in dense stands are less nutritious and
have a shorter maturation time than those in low stands as anatomized by Way &
Heathcote (1966). Furthermore, in such crops qf similar. high density, plants with -
narrower spacings between hills had smaller peak numbers of aphids than those with
wider spacings (A'Brook, 1977 and Muhammed et af, 2006).

C- Seed yield: ' ‘ ‘ _ ‘

Seed yield per unit area was increased with increasing plant density with no
significant differences between 24 and 32 plants /m.? in all cultivars (Table 3). These
results agreed with El-Deeb (1982) and Amer (1986) who found no reliable yield
increases due to plant densities above 24 plants /m2. However, Mohamed (1985),
observed yield increases due to plant densities between 11 and 47 plants /m2. This is
expected since the maximization of seed yield is depending on the genotype and
controlled environments. The number of plants per unit area at harvest followed a
pattern similar to that of seed yield. Plant populations of 24 and 32 per square meter
produced (29.66 & 31.85 Kg /100 mz.) in 2008/09 season and (23.91 & 22.27 Kg
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/100 m2,), in the second season 2009/10, outyielding other densities. The seed yiek
of faba bean crop cultivated at the rate of 24 and 32 plants per square meter
increased by (42.41 % & 44.99 %), and (3.57 & 27.03 %), over the two lower plant
population densities 8 and 16 plants /m2., in the first and second seéson, respectively.
In general, there has been a constant association between number of plants per unit
area and seed Yyield obtained. These results indicate the possibility of increasing the
productivity of faba bean yield by using a population density between (24 and 32
plants /m2), which are corresponding to 100800 and 134400 plants /fed. (1 fed =
4200 m2,

Table 3. Effect of plant popuiation density on seed yieid of un-protected faba bean
cultivars, 2008/09 and 2009/10 seasons.

Seed yield (Kg. /100 m?.)
Population -
density 2008/09 season 2009/10 season

Pants/m® | vasnn | Gza2 f';; Mean | Masrl | Giza2 ‘j‘zzg Mean |
8 20.53 1423 | 1831 | 17.71a | 2024 | 1520 | 1545 | 1272a
16 2233 | 3069 | 2847 | 27.16b | 2495 | 2256 | 19.79 | 16.82b
24 2793 { 2963 | 3143 | 2966b | 3328 | 3383 (| 2852 | 2391¢
32 3577 | 3037 | 2942 [ 31.85b | 3463 | 2.2 | 2533 | 2227¢

Mean 2664 | 2624 | 2691 | 2660 | 2828 | 2518 | 2227 | 1893
LSD.(0.05) 693 . ] 476 6.28 8.59 4.61 4.80 562 | 335

The aforementioned results in Tables 1, 2 & 3 revealed, that the dense canopies (32
‘plants /m2.) harbored lower levels of aphid and significantly produced higher seed
yieild than sparse densities due to direct impact of insects on the physiological
processes of plants. Infestation may also cause severe disruption of plant tissues or
even the death of plants (Forrest et a/, 1973; Dantuna & Thomson, 1983 and Tosh,
1998). The relationship between aphid abundance and seed yield among cultivars in
the two tested seasons was strong and linear (r = -0.8980 and -0.8857, p <0.0001),
with explained variance of 94.81 % and 78.45 %, respectively. These implying that
aphid abundance on plants was the basis of genotypic differences in seed yield.
Accordingly, using the change in yield potentiality and corresponding number of
aphids on plants in the four plant densities as parameter, it could be predicated as the
increase in aphids per plant (X) is usually followed by an increase in yiekd loss (Y),
 expressed as follows: Y = (4.492 X + 15.365, R2= 0.8677) and (3.574 X + 9.995,
R2= 0.8087), exhibited in the two tested seasons, respectively (Fig., 2). Similar effects
of infestation have been recorded in many aphid species. However, different aphid
species may have different effects on the same host plant. For example, A. /abae
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causes a reduction in the weight of seeds and the number of seeds per pod in Vicia
* faba, while Acyrthdsiphon pisum may ‘only reduce seed weight (Bouchery,” 1977).
Similar findings were obtained by Mohamed (1985}, who observed yield increases due
to plant densities between 11 and 67 plants / m2, This is expected since the

maximization of seed yield is dependmg on genotype -as well the controlled:

environments.
B2008/09
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Fig. 2. Effect of plant population densities (Plants /m2.} on seed yields of faba bean
(Kg. /100 m,2), SldS ARC Beni-Suef Gover., Egypt.
(Y=4.492 X + 15. 365 R2= 0. 8677) in 2008/09 season)
(Y=3.574 X + 9.995, R2= 0. 8087) in 2009/10 season)
Many authors (Sprent et aI 1977 Abo El- Zahab et al, 1981 and Poulain, 1984)
recorded that increases in plant den51ty Iead to reductlons |n branchmg and ped
numbers / plant _W|thout much change in either seed size or seeds / pod.

Yield losses in faba bean due to A craccivora have also been shdwn to
depend on the tummg and mtensuty of colonization (Salem, 1998 and Hossni, 2004)
mey also pointed out that Infestated cultlvars of faba bean by relatlvely low aphid
numbers (few per plant shoot) showed a stlmulatwe effect on plant growth and
reduoed thelr susceptlbllty to aphlds Fewer crops stand (lower plant populatlon)
harborlng hlgher number of insect pests that could lead to mcreased damage to crop
leaves, stems and vyield components Eventually, crop vyield is mversely affected at
lower plant populatuons attractmg mcreased number of insect pests. El- Defrawn, 2009
reported that faba bean seed and straw yield damages by cowpea aphid increased -
when plant populations decreased from 33, 25 to 11 plants /m2 in sole cropping close
to legume crops such as fenugreek, chickpea and lentil. Plant population density,
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nevertheless, contributed to the total seed yield of the crop. The resuits of this
experiment showed a positive response of seed yield with higher plant population
densities, 24 and 32 plants /m2. These resulls were i agreement with the findings of
El-Deeb, 1982; Mohamed, 1985; Amer, 1986 anc Hossni, 2004. Many awthors pointed
out that physiological changes have been recorded in plants following aphid
infestation. These included a reduction i water permeability and the tevel of
carbohydrate reserves (Pufritch and Talmon-del'Armee, 1971 and Clyistine ef af,
2005) and higher and lower levels of growtfrinhibitig and growAhrpromoting
substance, respectively, in the radish, Raphanus sativus, after infestation by M
persicae (Hussain et af, 1974). As cowpea aphid, deliver toxic substances by saiivary
secretions, it is generally mmmafwmgrmismwmmmw
of phioem sap from their host plants. Thus, aphid infestation reduces the mass flow of
nutrients into the prismary growth zone (Mittler and Sylvester, 1961; Pollard, 1973).
The overal results of the present work iadicate that seeds yields of faba bean cv.
Masr 1, Giza 2 and Giza 429 varieties under enviranment of infestation with cowpea
aphid, A. craccivora in Beni-Suef Governorate, middie Egypt, could be successfully
maximized or reduce the reductions caused by insect pest attack faba beans by
planting the crop at 24-32 plants /m2 plant density (sowing at 2 seeds / hilt in double
rows or one seed /hilf in three rows, 20 am hill to hill distance on ridges 60 cm apast)
proved to tolerate and overcome the cowpea aphids damage.

1. Abd El-Wahab, A.S.E. 1998. Aphid species and aptﬁd—bome viFuses associated
with faba bean in Egypt. M. Sc. Thesverac.Agﬂc.,Calmtkw

2. Abo El-Zahab, AA., AA. AlBabawy and K. Abd Ei-tatif. 1981. Density studies on
fababeans(V“mmL)l.SeedweMdesmnmms. 1. of Agro. aﬂdCrop
Sci., 150: 291-302.

3. ABrook, 1. 1577. The effect of plart spacing on the number of aphids trapped
over cocksfoot and kale crops. Ane. Apph. Biok., 74: 279-285. o

4. Amer, M.LA. 1986, Effect of some agronomic practices on productivity of same
broad bean varieties. Ph. D. Thesis, Fac. of Agric. Zagazig Univ., Eqypt.

5. Asin L. and X. Poms. 2001. Effect of high temperature on the growth and
reproduction of com aphids (Homoptera: Aphidicae) and implications for thelr
population dynamics on the narth-eastern Iberian peninsula. Emviron. Entomot.
30(6): 1127-1134.



ARED MA. and H. T. ABD EL-AAL - 405

6. Audsir, JL. 1989. Host Plant Resistance. Aphids Their Biology, Natural
. Enemies, and contzel, Vol. C: 225 - 254.Text Book, edited by A. K, Minks and P.
Harrewin. Res,  Inst. for Plamt Prot.,, Wagengen, The Netherdands, Elsevier,
Arsterdam, Oxford, New York, Tokyo, 1988,

7. Blackman, RL1. and V.F. Eastop. 2000. Aphids on the World’s Crops: An
Identification and Iiformation Guide, 2ND, edn. 466 pp. Chichester, UK, John
Wiley and Sons.

8. Bos, L. and X.M. Makkouk. 1994. Insects in relation o virus epidemiclogy in cool
season legumes. pp. 305-332. In F. Muhelbauer and W. Kaiser eds., Expanding
the Production and use of Cool Season Legumes. Kiuwer Academnic Publishers,

9. Bouchery, Y. 1977. Les pucerons Aphis fabae Scop., et Acyrthosiphon pisum

- {Harris) {Homopteras : Aphididae) de'pre'datewrs de ia fe'verole de printemps
{Vicia faba L.} dans je Nord-Est de 1a France: influence sur je rendement des
cuitires. Me'chanisme de la de'pre'dation. Annales de Zoologie- Ecologie Animals,
9: $9-109.

10, Christine, G., M. Bruno, 5. Wendy and B, Jser-Louis Bonnemain. 2005. Aphid

- infestation Causes Different Changes in Carbron and Nitrogen Allecation in Alfalfa

. Shems as Well as Different Inhibitions of Longitudinal and Radial Expansion Plant -

' Physiol. 2005 139: 1927-1934.

1L Dantuna G, and R. Thomson. 1983.. Whole-aop Physiology and Yield
Components. In The Faba Bean {Vida faba L.), A Basis for Improvement, pp 143-
158, Ed. P.D. Hebblettwaite. London, UK: Butterworths

12. Ei-Desh, B.AM, 1582. Byaluation of some focal .and introduced varieties and lines
of fickd baan under different plant densities. M. Sc, Thesis Fac. of Agric. Al-Azhar
Univ., Egypt.

13. H-Defrawi, GM. 1387. Studies on insert vectors of plant vinus diseases infesting
iegurne @ Egypt. Ph.D. Thesis, Fac. Agric., Ain Shams Univ,, Caire, Egypt, 253 pp.

14. E-Defrawd, GM. 2002. Major factors affecting in the population dynamics of
irsects and importance of forecasting with special attendance to aphids. 2™
International Gomference, Pl Prot. Res. Inst, ARC, Caio- Egypt, 21-24 Dec,,
2002.

15. BEDefrawi, G.M. 2D09. Arthropod pests of coot-season food legumes and their
managemert in Egypt. Egypt. ). Agric. Res., 87 (2): 261-309,

16. El-Defrawi, G.M., S.A. Mahmoud and £ H. Shaiaby. 1998. Resistance to cowpea
aphid in faba bean (Vicia faba L.) Egyptian landraces. Proc. 8th. Conf. Agron.,
Suez Canal Univ., Ismailia, Egypt, 28-29 Nov., 1998; 290-299.



406 EFFECT OF PLANT POPULATION DENSITY ON APHID INFESTATIONAND

17.

18.

19.

20.

PRODUCTIVITY OF THREE FABA BEAN CULTIVARS

El-Defrawi, G.M., Azza K. Emam, I. A. Marzouk and L. Rizkalla. 2000. Population
d\}namics and seasonal distribution of Aphis craccivora Koch and associated
natural enemies in relation to virus disease incidence in faba bean fields. Egypt.
3. Agric. Res., 78 (2): 627-641. -

Ferro, D.N. 1987. Insect Pest Outbreaks in Agroecosystems. pp. 195-215. In P,
Barbosa and J. C. Schultz (eds.), Insect Qutbreaks. Academic Press, New York.
Forrest, J.M.S., A. Hussain and A.F.G. Dixon. 1973. Growth and wilting of radish
seedlings Raphanus sativus infested with the aphid, Myzus persicae. Annals of
Applled Biology, 75: 267-274.

Hafez, M. 1964. Estimation of aphid abundance in the field. Dept. Agrarian

- Culture, Min. Agric., UAR, 27 pp.

21,

22.

23.

25.

26.

Holt J. and S.D. Wratten. 1986.- Components of resistance to Aphis fabae in faba
beancuitivars. Entomol. exp. appl., 40: 35-40.

Hossni, S.A. 2004. Ecological and biological studies on different aphid species
infesting some legume plants in Egypt M. Sc. Thesrs, Fac. Agric. 2agazig Univ.,
242 pp.

Hussain, A., J.M.S, Forrest and A.F.G. Dixon. 1974. Sugar, organic acid, phenolic
acid and plant growth regulator content of extracts of honeydew of the aphid,
Myzus persicae and its host plant, Raphanus sativus. Annals of Applied Biology,

- 78: 65-73.
24,

Lopez-Bellido, F.J., L. Lopez-Bellido and R J. Lépez-Bellido 2005. Competition,
growth and yleld of faba bean (Vicia faba L) European 2 Agron Yol. 23 (4):
359-378. :

Mittler T.E., E.S. S{/Ivester. 1961. A comparison of the injury of alfalfa by the
aphids Therioaphis maculata and Macrosiphum pisi. J. Econ Entomol., 54: 615~
622. ' | |

'Mohamed, A. K. 1985. Effect of ‘sowing date, ridge direction, plant orientation, and

" population on faba bean grain yield. FABIS Newsletter, August 1985, 12: 11-12, ~

27.

28.

29.

‘Muhammed, J.A., D.G. Muhammed, M. Mansobr, Z. Khuran and H. Faisal. 2006.

Impact of plant spacing and abiotic factors on population dynamics of sucking
insect pests of cotton. Pakistan J. Biological Sci., 9(7):1364-1369.

Poltard, 'D.G. 1973. Plant penetration by aphid feeding aphids (Hemlptera,
Aphidoidea): a review. Bull Entomol Res 62: 631714,

Poulain, D. 1984. Infiuence of density on the growth and development of winter
fieid bean (Vicia faba). Pages 151-167 .in Vicia faba; Agronomy, physiology and
breeding (Hebblethwaite, P. D., Dawkins, T. C. K., Health, M. C.-and Lockwood,
G., Eds).



31,
32.

33.

35.

37.

AHMED M.A. and H.T. ABD EL-AAL 407

. Putritch, G.S. and M. Talmon-de I' Armee. 1971, Effect of balsam wooly aphid,

Adelges piceae (Ratz.) infestation on the food reserves of the grand fir, Abies
grandis.

Canadian Journal of Botany, 49: 1219-1223,

Risch, $.J. 1987. Agricultural Ecology and Insect Outbreaks. pp. 217-238. in_P.
Barbosa and J. C. Schultz (eds.), Insect Outbreaks. Academic Press, New York.
Salem, A. El-Deen A. 1998. Ecological studies on certain insects associated with
broad bean (Vicia faba) in minia region, Egypt. M. Sc. Thesis, Fac. Agric. Minia
Univ., 145 pp.

. Snedecor, G.W. and W.G. Cochran. 1980. Statistical Methods. 7. Edn. Ames

Iowa : Jowa State University Press. 507 pp.

Sprent, ).I., A.M. Bradford and C. Norton. 1977. Seasonal growth patterns in field
beans (Vicia faba) as affected by population density, shading and its relationship
with soil moisture. Journal of Agricultural Science, Cambridge 88: 293-301.

. Srivastava, M., U.P. Gupta and A. Sinha. 2010. Viral diseases of leguminous crops.

1. Sci. Res,, 54: 135-152.
Tosh, C.R. 1998, Host Plant Specialisation in The Black Bean Aphld Aphis fabae.
Ph. D. Thesis, University of York, U.K.

. Van lerberghe-Masutti, F. and P. Chavigny. 1998, Host-based genetic

differentiation in the aphid Aphis gossypil, evidenced from RAPD fingerprints. Mol.
Ecology 7: 905-914.

. Vorburger, C. and N. Ramsauer, 2008. Genetic variation and covariation of aphid

life-history traits across unrelated host plants. Bull. Entomol, Res, (2008) 98, 543—
553 ' '

. Way, M.). and G.D. Heathcote. 1966. Interactions of crop density of field beans,

abundance of Aphis fabae (Scop.), virus incidence and aphid control by chemicais.
Ann; Appl. Biol.; 57: 409 - 423,



408 EFFECT OF PLANT POPULATION DENSITY -C')N APHID INFESTATIONAND
PRODUCTIVITY OF THREE FABA BEAN CULTIVARS

Coa ciliual D Ll g ol @ pling Tlial (5 inan o LAY s
Akl Jaad
Y Jall ae 4l alia ) dea) il e gl

Sogadl S sa — Sl Gl g &gy Sgpme — duaalal] LA O pdad) 2 pay anid .
| s aldll — il ~ L) i
Ll Sl S so ~lind falaed ipng Spme ~ Bl sl gy ¥
_ o e 5 juad —
Al Sl ca gl aal e gl Sl ey dalud sg,@umn' ALSY e
e eVl (e BAIS Ao Claglen 8155 Y Cua g cpe i Sall s gl aolanty Alag sl
a5 ,_Saall Auil S il 150 g sl il a5 LS Joans 3308 G LgDla
— Aoy Gipadl) e Adaas b Al W sda gl 131 (A g gl il SaS ALY Gl
PEFLWER IR BYL SIEE BPR RIRE VA Y s i Jau g jan all — Gy g i Adadlas
DA A 50 (g £V S 5 ¥ Bl 9 ) o ia el Jaid (e Agdaa Calial DG
Vool WY e P¥ e ) ol el gl Al T YE T A Ayl S da
Aphis sl a5 pdean Al D Gl el 238 S e (ol 3 ol VY EE .
A e ¥ e 1S5 Cag pdal) sl cuan 500 peana 2l e L3 )38 (a5 cracovora
S i s clage okt e Adle Aali Biais s ol ) «meu.a.wbdmuu
, At a5 e il glasS
St b el el L3 Uyl e 5yt x5 gine AT S50y i Cipkl @
AU Y it ol il e Cum YT 5 5um s ¥ e ) eas AN galdl il
Ll e 5 pitian el 30 el
iy SN (..J.}JLDL;% YT 5% YY,E G Gadl e ALY 300 aliad e
YY 5 YE Aglall Aglal ClBBSH cld Gy el adedll A N s sall 3% YYA 5 % EV,A
i Al Sle a el iall Al
AN o el 0 e asall a4 Cla PY 5 Ve Dglad Al auuﬁl;;@,is .
% ££,8% 5 £Y,6) At Aaludl an g Jpeanadl LS A VT 5 A dmididl
Al o S angadl 4% YY,Y Y0V 3 JsY) awigall
e Aibaie 8 ga b Jaill Jseane Aot da gl Say oadil oaa e oliyy e
Gl FY=YE Jamay ol ol Al APEE e 3V oA Gl 50 Apl GBS Jau gl
ban g sl e g U Clewal g dibaidl @l B Gl e Al S a et gl o6
i gl sda lad daliull





