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ABSTRACT

The response of tomato plants to the

solarization of soil was studied during the two
seagona of 1990 and 1991. :
Results can be summarized as follows:

1:

Total and early vyield/fed and yield/plant
significantly increased by covering the rows
with polyethyene sheets , specially with the
treatment - of transparent polyethylene fol-
lowed by black covers. Also , total and early
vields/fed sgignificantly increased by in-
creasing the covering period.

~Plant height , number of side shoots , number

of leavaes,dry weight of shoots and the leaves
areasplant.gignificantly increased by each of
covering methods and periods.

Fresh weight of weeds/m2 , gignificantly dec-
reased by covering soil.the black covers gave
the best reaults.

Solarized the soil significantly decreased
the population density of plant parasitic
nematodea infecting tomato plants.Transparent
polyethylene was the best in reducing

‘nematodesd. .
"Solarized) the soil showed the lowest numbers

of fungi and total microbial count. Also., the
nunbers of fungi and microbial counts were
decreased by increasing the covering period.
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INTRODUCTION

Soil solarization is the method of wusing
polyethylene as a row covers during the periods
of high temperatures to control the weeds and
other soil pests. Hartz et al. (1983) indicated
that solarization increased yield of autumn-
grown capgicums by 20% compared with conven—
tional non-solarized culture., K Reported benefi-
cial regsponsesg of tomatoes to soil solarization
by polyethylene including ; earlier production
{Bhella. 198B;West and Pierce., 1988 and Decoteau
et al., 1989), better fruit quality and greater
total vyield (Jones et al.,1977;0verman,l19B5;:Wien
and Minotti,1987 and Overman and Jones,1987).

Concerning the role of soil goclarization in
the control of soil berne plant pests (pathogens
.nematodes and weeds), previoua atudies were
carried out in this respect. Hagsan et al.(1987)
reported that the severity of tomato foliage and
root-rot disease and weed density were gsig-—
nificantly decreased after a3cil solarization.
Another study by Hassan and Younis (1984) indi-
cated that the severity of foliage digease.root-—
knot nematode Meloidogyne spp. and weeds density
were gignificantly reduced after soil solariza-—
tion with plastic sheets.

The objectives of_ the present work ars to:

1. Investigate the effect of so0il seolarization
hy using polyethylens row coverg on growth
and yield of tomato plants,

2. Study the role of this method in the sradica-
tion ef soil borns peats before sowing and
planting.

3. Usgse of the soil scolarization as a biological
control method for the contrcl of many pests,

MATERIALS AND METHODS
Two field experiments were carried out .at

the experimental farm of the Faculty of Agricul-
ture, Menoufia University., Shebin El-Kom, Egypt.
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during 1990 and 1991 seasons. Tomato seeds of
Peto-86 Cv.. were planted in seedbed on March
30th.April 10th.20th and 30th in 1990 and 1991.

) -The field was prepared and given heavy ir-
rigation before the begining of the experiment.
Before the complete drying of the soil, the
solarization process was carried out by covering
the wet rows with black and transparent (clear)
polyethylene sgheets at different periods, i.e.
25,35,45 and 55 days. The non—-covered soil (hare
s0il) is considered as a control.

Experimental design:

The treatments were arranged in split plot
design with four replicates, where polyethylene
covers were randomized as the main plot and the
covered periods were the subplots.

Soil temperatures (Table 1) at 30 cm depth,
were measured diurnal in all treatments using
thermometers (Model Labortherm—N Skalenwert 1K)
and the averages of temperature/week were re-—

corded.. S

After each period of covering., the plastic
covers were removed and the weeds were handly
collected under piastic covers and in the bare
_ soil.the fresh weight of weeds/m= were recorded,

then tomato transplants were sown at 25 cm apart
on rows of 60 cm wide and 4 m long. All normal
cultural practices of growing tomatoes were ap-
plied except the control of pests.

e 1o 8 were meas 2

1. Plant height,number of leaves and side shoots

. and leaves area/plant were measured 90 days
after transplanting.

2. The percentages of root-roted plants were

calculated every week. )
3. Total yield and early yield (during the first

two weeks) were recorded.
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4. Sampling recovery and identification of

nematodes: :
Nematode populations were extracted from 250
g soil samples(20 cm depth)by suspensing them
in water , pouring through nested sieves (60,
100 and 325 mesh) ,and placing the residues on
modified Baermann funnels. Nematode enumera-—
tion was determined using Hawksley counting
slide and stereomicroscope. Key references of
Oteifa (1964) and Nesterov (1979) were con-
Sulted. Other samples were taken at sowing
time, 100 days after sowing -, and at the end
of the harvest season -where also root—-knot
nematode galls were counted per root. The
-average numbers of nematodes and galls were
computed as a mean of all covered periods.

S. Also, five randomized samples from the 20 cm
layer of the soil were taken to count the
microbial flora. Other samples were taken and

.25 tomato seeds were sown in pets containing
these soil samples to determine the percent-—
age of seedling damping off. To determine
microbial population , soil suspension was
prepared (Bainhashemi and De Zesuw. 1969) ,
then serial dilution was made as the usual
manner. The total microbial count/g dry soil
was obtained according to Katznelson (1984).
Total number of fungi was counted using
potato dextrose agar media containing 50 unit
of 1 ml Penicillium, added to the media after
autoclaving.The number of fungal colonies was
counted 5 days after incubation at 28°C using
microscopic examination. . .

RESULTS AND DISCUSSION

I-wﬂw@mﬂg
yield of tomato plants:

Regarding the effect of soil solarization on
tomato yield.results in Table(2) show that total
and dry yield/fed, and yield/plant significantly
increased by covering the rows with polyethylene
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Table (1). Soil temperature (%0) recorded during soil solarization

pProcess by nHHWuumn« polyethylene sheeta in 41990 and =
1991 sensons

Mean soil auauouanﬂa (°c)at 30 ca depth .

Daten 1990 " 1991

Bars Black Transparent Bare Blaclk Transpareat
80il  polyeth, polyeth. soil  polyeth. polyeth,

10/4-16/4 22.0 25,2 25.7 19.0 21,2 24,7
17/4=23/% 23.14 26,9 28,4 23.0 25.0 28.5
20/4=30/6  23.4 27.7 ' 3.1 25.2 28,7 27.2
1/5= 2/5 23.6 z26.1 m«w..u 4.5 27,2 20.0
8/5-14/5 24,7 29,2 3.5 2.8 25.0 3.6
15/5-21/5 25.0 2.7 3.7 %5 28.s 22,2
22/5-28/5 25,3 29.5 5.1 8.2 25.3

A

N

.
F ¥

29/5= 4/6 25,2 0.9 &0 25.58 51.9

Ly
L]
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Table (2) Effect of soli solarlzation on the oarly ang

A

total yleld of tomata crop durlng 1930 and 1991 summer feasons.

\
4 . .
Curaciers , Towal yleld ton/Fed, Early yield Torvfod. Yield Kgsplant
gvering methods, Bueged| Bk | Clear . Buek | Qear Darsoil| DX | Qe M
: lyaky. | polyy- | M e iol thys | polythy- | Mean pelyethy- | polythy- &m
Covered periods e P | P | M .ﬁs__wgﬂnm P, o | e | ize
L Wy 13.19 11681 | 18.56 [ 1688 [ 197) 202 f 295 | 235 | 057 | 063 | 070] 0.6
35 days 15.43 | 1747 [ 2083 | 1709 | 195( 239 | 357 | 264 | o038 | 066 | 071 067
. 45 days 15.73° 1947 | 2400 [ 1975 | 205 257 | 405 | 288 058 [ 073 | 050} 0.74
55 days 1598 | 2256 | 2556 [ 2137 { 2057 275 ['a38 | 209 | 060 | 085 | 0.9s] 50
Mem 1560 11908 [ 2226 [ . | 203 245 | 37s 0.5 | 072 [ 0.4 °
L.SD. a1 0.05 A 5| AB g A BT A A B &Y 0
L T 0.57 | 0.68 | 11§ 048] 028 | 0.8 0.077 | 0.025 | 0.043 y
_ . B
[ 25 days’ 14.36 | 22.18) 2240 [19.65 | 157 | 298 | 4| 299 | o062 | 005, 056 |04
35 days 14.98 | 24.54| 2018 (2267 | 178 | 276 | 510] 355 | 064 | 106 121 {097
- 48 days 15.56 | 2448) 2809 (2274 | 195 | 422 | s594] 420 | g7 LO5 | L2t |ogs
85 days 1613 | 27.701 30.18 | 24,67 | 205 | 479 | gs2| 4.3 0.69 | 119 | 130 | 106
Mem 15,26 | 2490} 1722 18¢ | a0s | sy 065 | .00 | 149
A B | AB A 8- ab A B | AB
L _..u.u.ao..om 184 1 2480 NS N | n= NS 017 Logs |y ¥
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sheets. The highest yield was found by using
transparent sheets followed by black covers.
These results are true in both seasons.

Concerning the effect of covered periods,
the sBame results indicate that total and early
Yield of tomatoes were significantly increased
by increasing the covered period. Increasing the
covering period from 25 to 55 days increased the
Yield from 15.6 and 15.26 to 22.26 and 27.24
tons/fed in the ,first and second seasons,
respectively. Similar increases in early vyield
and yield/plant were found as a result of in-
creasing covered periods.,

The interaction between covered period i.e.
35 days and covering the rows with transparent
polyethylene sheets gave the highest total and
early vyield 1in the first season, but in the
second season there were no significant dif-—
ferences observed in this respect.

Similar effects of polyethylene covers on
early and total yield had been . previously
reported for tomatoes (Jones et al..1977: Schalk
et al.,1979; Wien and Minotti,19%87 ; Bhella,1988
and West and Pierce,1988).

As for the effect of soil solarization on

" growth characters, it is clear from the results

in Tables (3 and 4) that theéere were significant
differences among most of these characters.

Plant height increased with each of covering
methods and periods, the tallest plants were ob-
served by covering the rows with transparent
polyethylene for 55 days, when compared with
control. The interaction between ryow covers and
covering periods significantly increased plant
height. Similar increases in the number of side
shoots and the leaves area/plant were observed

Wby using row covera and by increasing the
coveread period.
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Table {1) Effect of soll sslarlzation on Plant helght, No. of slde shoots and No.

of Jeaves [ tomato plant d

uring 1990

and 1991 seatons, a
[ cancen "+ Plant heighi (cm) No. of side shoots/plant Na. of teaves/ plant
oveing mehods v Blxck Qlear Black Cear Hare ol Blick Clews M
Aut ol thy- | poiyihy- o
. polyethy- | polythy- | Mem why: | polyy- | Mem wol) | PRAYEY
Covered seriods | {evol) e |_|.....-..,.¢= fecnued) polyshy- [ pet - {oeniecl) lene N
1590 e " 13
25 dayy 505 | 53.25 | 5125 | 5167 | s2s | s.50 | 600 | $50 | 4475 | 44.00 4425 | 44
15 days 50.0 | 54.75 [ 5500 [53.25 | 500 | 625 | 675 | 6.00 | 4425 4750 | 45.25 | 45.67
45 davs 5170 | 6050 | 6105 [ 57.32 | 525 | 650 5.50 608 | 4525 | 50.00 | 52.00 49.08
55 days 5235 |-s6225 | 72.00 | 6217 | 550 | 675 <0 | 658 | 45.50 | 5225 [ 59.00 | 52.23
Mem - 5104 | 5769 | 59.22 | 525 | s2s | 689 4494 | 48,44 | 50.13
LSD. at 0.05 A B Al . A B A B AB
\ 588 | ¢.25 | 7.36 |, ¢8| 0.59 N.S 345 | 523 | NS ¥
. 1991. .
25 days 6700 | 75.00 | 7000 | 7067 | 60| 7.00 | 600 85 | <600 | 4550 [ 47.25 .a.um,
35 days %..mu mu.mo mm.mo 7738 | 200 7.¢0 | 8.2 758 [ =650 | 49,00 | 4750 | 2757
“u .ﬂ&u Hmw wu.ﬁ.s “u.w .:.s “.mo u.mc 3.78 792 | 4750 | 5225 | 5475 | 5120
53 lavs . K 725 | 3198 7.5 5.73 L9 322 4728 1 5275 | 57.55 | 5153
Mz 69.31 | 79.90¢ | 3053 7005 751 | 300 2531 | 5011 | 5134
 LSD.:09S A 3 [ A3 Al B ] a3 A B | iz
1Ak < N4 T -3 a8 oL o3 2
LI 27 410 y,
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Table (4) Effect of spi) solarization on dry welght of shoats, Yeaves area / tomato plant and [resh weight weed VP

during 1990 and 17%] summer seasons,
~

Cunaacs Dry weight of stoots gniplant Leaves area cm2/plant Frosh weight of weeds grm
gvering meihods Bursay| Bl Cear Bare sl Blick Cear Bamscil | BlX S X
p . - | Mem I -| polyhy- | Mez
Conernt berinas (o]} palyedry- _H_ﬁ_Hr.r.u: Mezan (corrat) ity vy 10__“.__..”_2 {eenim]) “U_”uuﬁ .Tu__u_..h
— 1990 .
25 days 20353 | 2348 | 27.55 | 23.85 | sos.4d nsasifier.sz| 1095620 626.70 | 37.75 | 363.50 | 342.65
35 days 21.25 | 2565 | 27.53 | 2481 | 94394 125079142221 1205.58] 1028.50( 32.75 | 350.25 |433.83
45 days 2175 | 29.10 | 32.20 | 27.68 | 947.50] 1259.201497.64| 1244.78| 1265.0 | 24.50 | a85.75 [ 592.0%
55 dayn 3250 | 3130 | 3475 | 29.52 | 995.75 1354.911639.13 | 1329.93{ 153550 21.00 | 565.00 [707.17
-Mem 2151 | 2738 | 3051 fq.ﬁ_ 1270.35)1439.25] 1113.30| 29.00 | 45133
LS.D. a1 005 A B Ad A C) Ad A B Ad
9 532 | 385 | 662 20747 17294 |27952 | - s16 | 49.28 | 85.70 p
1991 :

( 25 days 00 | 3490 | 4165 3.52 1227238 1262551146109 131534 | 625.0 | 82.50 | 300.0 | 13503
35 days 100 ) 4598 | 45.78 | 4092 11250 147630(1335.60{1515.80 | 592 6250 | 330.0 |=s1.54
£5 cays 325 5185 1 3900 | 47,90 [1293.75| 1661.45 (206263 1672.63 | 174m 0 | £0.25 | 41475 | s29.00

b 31 1 - ¥ EL) - 2y lm -~ - ) T—— L] Y,
£5 days 3350 | 7120 | 79.08 ) 5147 (122050 0 2432501203581 [ 18420 | 45,00 [4g9.<0 785.54
Mem 1.2 | soss | ses | 267523 167619 _GBB 1200.2¢ | 57.55 [ 37345
LED 005 .._ﬂ ..m.__ ._,mu.n _ A _ B, | A3 " - =
- - T el i | -+
N A 7 1788 ax 2592 4240 lyng ey y
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With respect to the interaction . the game
Jdata (Tables 364) show that the interaction be-
"tween rows covered with transparent polysthylene

sheets for 55 days increased plant height, dry

weight of shoots and the leaves area/plant in
both seasons.

The obtained data are confirmed by those of
Schalk et al. (1979) ; Hassan (1989) and Wolfe
et al. (1989).

With regard to the weed density, it is ob-
vious from the same data (Table 4) that soil
solarization sgignificantly decreased the fresh
weight of weeds/m®. The black covers gave the
best results when compared with transparent
covers and control (bare sc¢il).

The interaction between the black covers and
the periods of 55 and 45 days in the first and
second seasons respectively decreased sig-
nificantly the fresh weight of weeds/m?. The
possible machanisms of weed control by solariza-
tion may De due to direct killing of segds or
breaking seed dormancy snd consequent kiliing gf
germinating seeds(Horowitz et al..1983 and Rubin
and Benjamin,1984). Similar results on weed con-
trol by soil solarization were found by Hassan
and Younis {1984);Hassan et al.(1987) and Hassan
(198%9). .

II. The esfect of goil polerizatjon on nematode

population: . .

In the pre-treatment samples repressnting
all treatments, plant parasitic nematodes were
recovered in the following genera: Melocidogyne .
Pratvlenchus , Heliocotylenchus , Xiphinema and
other phyto-nematcdeas in few numbers and all
will be considered as a group of phyto-parasitic
nematods. ’

Data presented in Table (5) revealed that
there were .significant differences among
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. Tabcis, Thecfica of “soil solastzation on plaet porasiidc nemaedes jnfeering wmatnes desing JU90 and 19¢2 Seurons,

-

for conercd periods = 453

1950 1991
Croxne; | Covemd - - y
IBI....n! s o froeze 0§ ot Toul Fearr | HRauucrion m._.._uoo__.._ o grorn g sl Tt pramc [ 7T e— n.h-.
) Mriowarrrar | Pesivk Hekooyy- | o !EE«WS- .H.-_M.lo ‘-Ek.ni-_nﬂ_u_-?.ﬂt- wnthus | Xomiera| mooaimon .ag".—-on El.l-bﬁ
0 3503 153 | 953 ] 320 w3l ., - 1| s 253 %3 | 1o 6.0 -
ey | 4123 ] 137 | i3 | 2o 8120 00 2853 23 1 | B3 5153 26
el | 3Sday | 3270 a7 | B |87 6083 | ' =8 [ wos | 320 3.7 na'| xr | me 14 4509
Sday | 2737 %0 | 820 | 157 a2 123 1827 629 527 | 227 3753 441
Saey| 2130 23 | &3 |3 4179 459 1633 Qo 7 | n3 a3 e
o | es7 | 13 | my | a s - 200 | ;9 | mo | 353 | swa -
Jmiaes asday | 3852 gsa | nr | =32 63 a7 || 180 ®3 23 | 13 13 ®3
Popaipiem | 3550y | 2150 o | &3 |87 a0 57 1633 633 43 | 1o 3307 uE 118
Sy | 1207 ©7 | &3 |160 Y 560 253 453 227 | 13 ama a8
sSday | 947 263 | 220 53 1857 | T4 4 20 127 | 32 10 4
e E(EE Bl sl s B =
W | 2100 1043 . e ;
Cluar Mday | 1173 no | ;o0 | 100 2100 s ) 50 uu.u.w mluu uu ﬁ.u% H“ . B
Ponvopens | 45 dyy 807 © 120 153 123 u3 853 420 . ore -
sSday| a3 103 EY 0o 250 £3 70 3. 97 00 @3 )
Maas uaz | w7 | se |10’ | ams ws | s Lo | m | sm L
. e
LSD 1 005 for nemapdrpentra = 405 . ” w..u__..w
for covering method = 351 Ta34 o
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Table (6) The of effect soil Solarization on plant Paraslic nematodes during the growth stages of
(omato plants and root-Ynot galls at harvesting time during 1590 and 1991 scasons

62—

Average numbers 6f nemalede gerers per uu_m_ B. seil Averags of rool-
{ Aversge of the 2l cavered periods \ Recuction in Krot galls/ Plant Reductiom
Cavenng Sowing Populalon deasity 4 harvestng fn galls
methods Time 100 days Harvesung Mean {Avemage ofthe all %
- time ] cover ed periods)
. .. * o
Bare soil 630.9 8423 703.0 726.4 . 0.0 : 35.7
BlackP. | 4793 280 322.7 442 32, 123 65.6
Qear P, 3417 217.3 205.0 254.7. 40.0 2.7 756
Mean 484.0 £30.2 4102 4743
_ 1291 .
Bas= sail 430.9 723 s 5740 00 oy
Black P, 3179 502.7 S50 [ 3ep2 36.: 5.7 52.9
Cle=r 8, 230.7 147.7 107.3 1619 518 . 342
" Mezn =342 ] ss7a Comea | san

L5.D. % for zrowt singes = 163§ Fer covenny memods = (03 ) Furoamvomy v 140 Tor Julz =i
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nematode genera and each of periods and covering
sheets. Transparent polyethylene was the best in
reducing nematode populations, followed by black
covers. Also, there were significant differences
amchg the periods of eolarization in reducing
the numbers of all nematode genera. Grand mean
reduction in nematode density wae '25.5% for bars
eoil, 92.2% for black polyethylene-, and 71.1%
for transparent covers. In the second season,
data showed the pame trend where the grand mean
reduction of nematodes were 37% , 48.3% , 75.9%
for bare soil . black and transparent covers .,
respectively.

Data presented in Table {6) show that there
wWere gaignificant differences in the nematode
pPopulation among all treatmente of solarization
and the growth stages of tomato plants. Also,
there were significant differences in nematode
galls as a result of soil golarization treatment.

Finally,it can be concluded that transparent
tovars can be used as a method of s80]il solariza-
tion for the econcmic Period (33 or 45 days) to
reduce most of plant parasitic nematodes.

These results are in harmony with those ob-
tained by Smart and Locascio (1964) ; Stapleton
and Devay (1983) ; Lamondia et al. (1985) and

" Fortnum et al.(1989) who controlled nematodes by
using different plastic covers. Recently, Sharma
and Nene (1990} reported that moil Bolarization
with transparent sheets during summer months,
significantly reduced nematode population in-
fecting chickpea and pigecnpea.

I1I. Ef BO T

Data presented in Table(7) show clearly that
the use of transparent or black polysthylene in
eoil solarizatibn decreaged the numbers of fungi

and total microbial numbers comparing with bare
'soil during the two seasons. Solarized 8oil by
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'l‘labic 17} Eiext of soil solarizatin oy average nunibers of mictobial Flora during 1990 and 1991 seasons.

Ay

Mean numibers of colonees of microbial forg

. Covercd
Cuvering |-
. Periods Fungl Count “Tolal Coung
ictlialy -
1990 ' 1991 . 1990 11
0 2023100 168 x 108 602 x108 705 » 10%
Haie 25 day g 1 - noae? ata10® | sosa®
_suid 35y 5732 10} 368 x109 "805x 10° £45 x 10°
45 duy 598z 10° 678 x103 691x 10° 5752 104
55 day 1372 10} map? 287 x 10’ 4w 10t
. s |- )
0 2431 10 135 5 1P 8135 1d 866 x 16 9
25 day 1642 10" 92x1° | 6i6x106 wix10?
: 3
Islack 35 day 6B7x 10 299 x 230210 5 20xt0 ¢
Pulyelhylene . .
' 2 s 3
45 day 4603 10 d6d x 107 115310 921 % 10
N ) ;
55 day 3351 10 195 102 690x 10 3 2991 102
T 2650 ° | 19ai0é 60110 8 618210 7
25 day 0210 4 241x109. 30x10 8 10 ¢
Greue 35 day wiato 2 1 g 1712210 4 4002193
Pulyciliylene 2‘ 7 ' 3 3
45 day 1031 50 115 10 48110 30z 0
‘ 2 2
55 day 805 e, W2a10, 2531 to
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transparent polyethylene sheets recorded the
lowest numbers of fungi and total microbial
counts comparing with the solarization by black
covers. These numbers of fungi and microbial
count were also decreased according to the lon—
gation of covered periods, the lowest values
were obtained after 55 days of solarization.

These findings may explain the decrease of
percentage of root rot and seedling emergence of
tomato as shown in Figs (1 and -2), as these dis-—
eases are known to be occurred mainly by attack-
ing the so0il borne pathogens to the tissues of
seedlings and roots of adult plants.

These results are in harmony with those ob—
tained by Katan (1981):Katan et al. (1983);Pinkas
et al.(1984) and Satour et al. (1988).
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