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I.

Soil Disinfestation by Plastic Tarping

Introduction :

Successive cropping leads to accummlation of in-
oculuin of goil=borne pathogens which cause root rots ,
wilts and numcrous other plant diseases o+

Fusarium sppy other soil-borne fungi (which cause
root rots and wilts )and nematodes constitute major
digease problens under conditions of intensive cropping
in the Jordan Valley, especially under plastic covers .
The scarch for nonhazardous and inexnensive methods for
controlling cdiscases caused by soil-borne pathogens 1is
continuocus, Rotation and flooding are nonchemical mea-
surcs employed with varYing degrees of success on some
discases (43, 45). The use of soil fumigants is wide~
spread, but it is expensive, hazardous; and the benefits
arc often of short duragtion. Steam is widely used for
disease control in slasshouses, but the metiod is pro-
bably not cconomical under normal field conditions(4).

Recently the use of plastic tarps during the hott-
est part of the year is proimising in areas wvhere such

a procedurce can raise the temperature in the upper 5

cas of soil to 50 - 55 °C (27) .
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The purpose of this rescarch was to investigate the

effect of the type and thickness of plastic tarps, the
length of tarping periods and soil moisture on the ine

cidence and survival of soil-borne pathogens under plastic

tarps &
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IXI., Reviecw of 1lit

rature

©

scase problems are nost frequently <ue 1o

e

Soil ¢
the fungi commenly agsociated with rosots and hypocotyls
of seedlingse It is reported by Summcer (36) that in
commercial ficlds of crucifers in Gecrgia, U.S5.4.

Fusarium oxysporum (Schlecht) Snyd. and Hanse., Rhizoc—

tonia solani Kuehn, Fythium irregulare Buis,M,Fesolani

(1art.) Appe. and Wr., Phosa spp. and F. roscua (Lk)em.
Dol Lw L HS
Snycd. and Ianse. were the most immportant pathogense. The

most virulent pathogen was R. solani regarcdless of

soil temperaturcs; P.irregulare at low temperatures,

and F. oxysporum and F. solani at high temperatures
caused significant reductiouns in stands of crucifers.
Fo. solani {f. nhaseoli Snyd. and Hans. occurs as
chlatydospores in naturally infested field soil. In
sterilized £izld onl virgin soils sceded with conidia,
and plantcd tc beans, chlamydcspores of F. solani were
gradually foraed within the conidia ¢n bean debris
after harvesting of the beans. As the scil gradually
drics,
cased plants, and then roeleased into the soil with the
disintegration of the discased host tissue (34, 35)-

Qospores are the sole surviving structure of Pythium

aphanidermatumnm (Eadson) Fitzp. in naturally infested

chlniydospores are formed in the tissucs of dis=-
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ficld soil (13)., Rhizoctonia survives from season to season

as sclerotia on propagative plant parts, i.e potato tubers,
and as sclerotia in the soil (3).

Qaseni(4%)reported that a four year crop rotation was
effective in controlling root rot of cucumber caused by

Pusarium solani f. cucurbitae Snyd. and Hans. If susceptable

cucurbits were avoided in the rotation, large quantities

of the overwintering structures that infest the soil in the
Jordan Valley were destroyed during the rotation. The same
author reported that planting beans after wheat resulted in
low severity of root rot on beans. Adding wheat or barley
straw to the soil recduces the severity and incidence of
Fusarium root rot of beans. He also reported that crop
rotation with wheat or alfalfa in the infested soil is help-
ful in reducing the population of the overwintering struct-

ures of Fe. solani f., phaseocli, which causes roct rot of

leguminasea but crop rotation does not eliminate all per-

gistant pathogenic structures. Crop rotation was found in-

‘effective in contrelling Fusarium oxyspcrum f, lyconercisi

Sayd. and Hanss which causes Fusarium wilt of tonmatu, since
the pathogen normally survives for long periods in the soil
aven in the abscnece of the host. Cucumber and tomato are
important cash crops growvn in increasing quantities in

plastic houses and plastic tunnels in the Jordan Valley .
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The 1978/1979 survey showed an area of 741 dununs was
planted -rith ve;a2table ersps undsr plastic houses and 6015
dununis under plastic ﬁunnels (nersonal contact with Dr.
Steitieh). These crops 3re~pontinuausly growm because thoey
provide substantial financial returns, and utilizing a crop
rotation consisting ¢f tomato, wheat, squash, ..., is not
crofitable for the faraers. Thus crop rotatién is not em-
ployed under these circunstances, and other éffectivo L:2ans
for the ceontrcl of such soil - borne discases -uszt be nract-
icady

+looding for long wveriods was introduced by the United

Fruit Company (45) to cradicate Fusarium cxyspnoruym. Schlecht

var cubonse (£.F.5:) “7r. Flooding roduces the oxygen tensicn
tc a cdegree ot which corobie funmi are killed., This -roced-
ure is not practicnl in Jordan boecausz of the water short-
ages which ars cnesuntoered even uring the growing scason .
Fusigation of scil by chemicals results in good contrel
of most nathogens in the seil bdecause most 3f theSe chaindienls
worlk as biccides. Jumigants such as rothyl bronide,chloro-

pierin, carbon bizwifide, etc often do not becomoe uniformly

o

distributed in the s50il bDocausc their concontraoation docronses

‘

progressively cutword froam the zeint of injection , with
oxcess amounts porsisting ot the point of injection zn? under-

troatuent ccecuring at the margins (5). Phytotoxic syinptoms
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often devzloned on rooted carnation when planted in soil
vreviously fusigated with rmethyl bronide (29). Hethyl biromide
fuaigation of goil is potentially hazardouse. The chemnical

accu—ulates in fruit and in the foliage. Mature fruit of

tomate from plants grovm in so0il fumizated at the commercial

rate of 1.5 1b/1C9 ft2(73 g/m% contained up to L5 ng of
bromide _ per gran of fresh tissue (28), Most of the

s0il fumigamts currently uscd are expensive. Less costly

moans of eliminating soil-borne pathogens would be used much

wore intensively in the Jorcdan Valley .
- 8o0il may be troaoted therrally by dry heat, moist heat
(stearn) or hot water (&). Trostment of soil by stean for the

purposc of destroying adcroorganisns wasg first de-onstrated

in 1888 by Frank (L) in Germany and was used commercially in
1893 in the United Statese. leating the soil by steam up to

60 °C for 30 minutes has been known for over 30 years to kill
plant rathogenic fungi, bacteria and neaatodes and will in-

activate nearly cll soil-borne virus.s (5). R. solani has

heen found not to survive treat:ient wvith aerzted stecamn at

sk.4 OC for 30 minutes (37) while heating naturally infested

gsoils to 60 °C for 1C - 30 minutes olindnated attack by both

R sclani and . another unknown pathopren which caused brown

root rot of lettuce and tomnto (14). Various organisns

reacted Jifferently to heat treatments. lMitchell &t al (33)
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reported that poiulaticns of Pythium spp., Re. solani, : -

Fusarium spp. and other fungi were eliminated from field

solls after oxposure to 8o ¥ 2 % ror 30 minutes. Pythium

myriotyvlum Drechs, ond Re sulani were elinminated fron an

infested prtting rdxture treated at 60, 70 or 30 °C for 30

minutes. However, fLgperzillus niger YV, Tiegh.was recovered

.

from the rixturce after heat treatment at any of the nentiocned
tosperatures. Heating seoil for 10 aminutes at 50 °C kills

- . (&)
Pscudonionus spp, but heating the s2il up to 80 “C fer 10

minutes is required to kill Streptomyces spR. Bacillus sphe.

survive heat treatients cdue to their sporulation and enc-

L]

capsulaticn , and Zzcillus sp are important as an celement

o

of bioslogical control of Pythium diseases (11). Heating soil
ur tc 100 °C reduces the nopulation of nitrifying bacteria
—uch ore than that of the amwnifiers (17). ost pathogenic

fun~i are inactivat:d by lower to-neraturaes than are sanroe-
2 - i Y

2

phytic micreorganisis (4). ascoaycetes, especially cleis-

va

totheeia forzming Jenicilliuwa and Aspergilluc srp, arc among

the relatively heat resistant fungi (7).
Heat can be used to centrol neaatodes. The nematcdes
arce noraally kilied by exnosuring thew to toewperaturoes b

. O & o R
Lo - 515 C. Temmperaturs of 557C donaoturates aniaal enzyrwes

(25) .

188143

batwoeen
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Alth h heating soil has wmany advantages, it also has
nany drawbacks. Treationt of some soils with hizh terperat-
ures proluces rhytotoxic naterials which azy persist for
long ;erioﬁs of time unless they are broken down by fiicro-
ocrganisig or leceled from the soil (5). Treatinz scil at
termperaturcs above 20 °C retards lettuce growth., The reduc-
tion in growth wos found to be associated with high soil
concentraticns of rater s2luble and exchangeable mangancse

icns and nitrites , 30 and 23 p.peits respectively (24) .
~anocunts of coronia were greatly increascd ot 52 g y COM=
poared with unheated centrels, but mangancse (the water
oluble and exchancsble) and nitrite were not'significantly
inereased at tes.eratures less than 65 “C . For good potato
growth, the level of soluble I'm in scilsghould n-t e¥ceed L pepom.
(5)e iillinns et zl. {14) renorted that the dainage caused
by sudscquent recontamination yrith plant pathogens =1ay sone-
times be greater in stecwed than in unheated scils due to
the absence of biclogical contrsl agents. This disadvantage
can be aveided by hezating soils to temperatures only just
abuve those lethal to sathssens, i.c to 60 OC, a temperature
which many saprophytes can survive (14). Heating the soil
to 60 “C for 30 dinutes in order to eliminate plant pathogens
%s less harmfull to bislogical control agoents because it
'19aves an effective antagonistic micreflora which supnress

sudscquent pathegen build up and hence celay recontamination

(11).
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Melsson (36) rorortsd that the minimwa oxposure to

l:thal tearerature in hot vater for igoclates of Verticillium

zlbo—-atrum Reinte and berth. from rose and tonmato groving

on vrevi.usly gterilized unifors nicces of flower stalks

2 - i i O
of ¥lantazos lancosolata Le was 5 =inutes at 47 “C for the

ot b

hyphae and the condia, and 10 xinutes at 50 'C for the
microscloretine. Sot water irersion techhnique for 12 minutes

'.- - - + R ] L3 it -
at 50 'C controlled Ahizoctonia and Fuzariwa fungi on the

surface of sweet potzote ruots (22).
The asount of Feat gained by g1l depends on its vivise-
turce content and on the humidity : £ the air just above the

goil surface (42), It iras found that keeping the soil at

field copncity was effecitive for the purnose f inereasing

ot

therial sensitivity of resting structures and iaproving

heat conductisne. 48 2 result of dincereased hydrati-n by high
roisture levels in th2 seil, the external layers of these
avervintering wrovapules wero broken arnd the heat toalerance

cf nropagules waos geverzly dimnminished (4).

Yotan ot 2l .(27) renorted that seil wsisture greatly

affcets sensitivity cf the résting structures to heat. iAn

incubation noricd of vne hiur at 50 YC Tzilled 100% o f the

4

G

sclerotia of Verticilliun: dahliae Tlebahn and 95 -~ 100 %

3 A

uf the chlanaydusnorcs of F. oxysborugp f. lycopersici zdded

to soil subseguently :ristened pricr te heat treat-ient.In

air dried soil vighility of V. <Qahliac was roe:luced onl
' s SHOYC BT
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partially either by 538 C for 6 hours or 5% CC for one hours

w3

Viability ~f Fusariun was not affected by 55 € for cme hour

in air driod scile These various exoerisents were carrie..
sut in a controlled toaperature water bath.

Jecause of the :lisalvantages of other ~eans of snil

=]

sterilization, pinstic tarns were tested and foun' to bhe a
] k

i

nroiising means of raising a0il temperature. The s~+il must

L
be maistened to a geo. slanting tilth for three Jays precel-

ing treatscont in crcdor to inereass theraal ginsitivity of

A soexdg tu acheive an effective contrcl with

sores and woo.

). S50il temperature was markecly increased

~—
I

plastic tarping
in irrigoted scils smaleched with transparent(0.03 12 thick)
plastic sheots Juring the months of July and ftugust when the

. . (2
highest air temperaturcs (37 - 39 'C) were recoried (27) .

Clecar nlastic tarps were reonortaed to inersase 2311 temperat-

ures at 2.5 cm dopth oup to 5.5 'C bhigher than th:se in un-

rulched soile. Under Dblack vlastic tarp:s temperatures were
appreciably nighor thaz in un-mulehe? soil but nst as high

as uncer clear lastic (19). The mean termerature was higher

& N i ey
hy 5.8 C at 5 cu denth under a colourless nlastie fil:r anc

T

O - ) M .
by 3.2 ~C unler a blacik one compared to uncovered soil (L2).

lastic tarying is to raisc terneratures to

'

The ain of

S

a deogree which ccull Jostrey the structures of vathegens
present in the s0il as dornant propagules. Infective prir-a-

gules which can resain Jornant for considerable porisds
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inclule: resting srores resulting fron sexual renrecduction
such as the oos ores of the Oonycetes, thick walle:l chlamy-
dasmeres formed within hyphae and conidia, scler.tia or
~ulticollular resting bolies nnd ascosjores -« Sclerotia
have much higher lovels of resorve nutrients , es-ccially
of earbon compounds than othor resting structurcs(17) .
Jorulaticons £ plant-parasitic nematodes, Pythiuna spia.,

Fusnriuia sipDe, Enlogone spp. and . svlani are greatest in

the top 18 em of zeil (23). Poyulation densities vere
particularly high near lant rosts. igh Jdensities of XK.

solani are confircd alimwost entirely to the unper 15 ca of

ssil (38, 47). slostic sulching with clear = lastic raised
the scil temperature at 20 cu Jepth up to L4 'C which coul’

yathogens if it was

[

he very effoctive in controlling the

meintained fur 31 days (18).

~doe

Since rlastic tarps produce hisher temmeratures in the
urper soil layers, it would be Cesirable to keep the roots
of plants subscguently grown in treate) soils in the upper
layer of thce soil. The use sf black plastic wlch Juring the
growing senson lools sromising in this regard..izots of tomato,
sgquash and -muskiclon plants grown unler clear 3olyethylene
weroe similar to those rroduced in unimalched nlots. In con-
trast, roots of these three croD nlants that were rmlehed

with cither Dlaclt Tilm or blaclk »aper werc very shallow and
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considerably longer than the roots of unmulched plants
{32). Under black plastic muilch, the roots grow morec
laterally and stay near the soil surface where the mois-
ture level is high, The major portion of the root system
was located in the top 20 - 25 cm of the soil (23, 31, 44).
Thermal killing of microorganisms could be due to
denaturation of their enzymes (4). Fungistasis in soils
which keeps fungus propagules at passive resistant stage

is partially nullified at 45 to 56 % (5, 27). Temperatures

below 35 °C are generally in the range of microbial acﬁivity

1
(27), Higher, but sublethal temperatures, may weaken the
resting structures rendering them more vulnerable to the

antagonistic microflora as was shown when Armillaria mellea

(Vahl,) Quel. was exposed to chemicals at sublethal thermal
treatments (6),

Using plastic materials to control diseases is less
costly than fumigation, leaves no toxic residues and is
non hazardous. Furthermore, it facilitates biological
control (27). Another side advantage of mulches is that

they have been uscd to reduce loss of nitrogen by lecaching.

Nitrogen levels are higher in mulched soils compared to

non:mulched plots
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bBaeruge of eitter o reuecticn in leaching £ nitrote
nitrogen or an inerense in nitroegen aincralizatio n(48).
Meribhial netiviiy r-s Dr_obably high unlerneath tho bHlaclk
tlastic . ulch where noisture an! touwperature were at the
crtizur: levels for nitrificaticn an' enrbon “iuxide rele-se
(32).

slzstie has boen widely used £:rx soi:e yenrs 25 o ulceh
to contr:l g.dil-Dorne cothogens. In 1955 black and clear

vlascic wrers used te contrel certoin Cdisiases o f lottuece:

(%2}

bottim reat (caussd by Rhizoctonia art.), Jrop (czuse:: oy

Sclerotinin snve)ant sline rot (caused by Psoulds:ionas 8pi.).

~lastiic cuvers wwsre usad uring  the growing -.ason,so that no
part of the letiuce hoend touche:! the stile. Both ty es of
uleh gove gosd eatrol of slise rote There wes 16.3% tisease

~

it tho white Tulch, 17.2% with the bloek zuleh ~n? 52.7%
in the untar &b euntrals (21),

Scil, temperatures at 5 ¢~ below cloar lastic were usually
7-10 5 Aigher Juring the lay than in soil with no (lastic
mulely This inerease in tewarerature reculte ! in nractic-l

comtrel of Thicloviopsis rount rot of ses~wie ‘uring plantin-s,

~

oagnae growth ig favoure’ by relatively higsh soil tems eraturs
(30 - 35 “C). imlchin: causo: scsaie vlants t. b laass
severely ‘iscased, tzller, nnd heavier than plants sr-wn
without lastic smleh{1). ULatan 2t 2l (27) rerorte” that

after two weelks unler cloear nlastic (0.03 =a thiclk), V. 'zhliae
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was eliminate ! fr .z scil at Jenths »f 0 to 25 ey while the

populaticn «f Fsoxysoorum f. lyccersici at 5 ¢z was relucad

by 94 - 100 %; at 15 cm 68 - 100% ant at 25 en 54 to 63%.

g

The maxi-um soil

r.eratures undernenth the mulch at peths

{

. . o o &
of 5 zns 15 em were 4% - 52 °C an? 42 'C, respcctively ,

N

o ; ; ; . ‘e
and 38 TC at 20 cre Irrigating soil and tor ing with 0.0k:x1

-

thick clear »lastie for 31 Ja2ys gave good eontrol of Ve

dahlinc an’ nomnato ese The treatment resulted in 96% Jiscosc
control snd 80 - 18C % roducticn in the poalation of

~ 1

Pratylenchus thornei Sher and allen, alsc dnere-sod the yield

Qo

£ potatoes by 35% compare to the untarboed. Taroing was
carried out fros July 13 till Jjauagust 13, 1977(13) . R: sclani
wes sliminated from the ton 180 em of s il ;fter two weeks of
tar.ing with cicar lastic (0:1 wx» thick) in Calif.rnia .

Ve dzhlize, Dythiun spr. and Thielaviopsis basicola(3derk.&

e

Br.) Ferr, wore cscentially eradicated to a-depth of 45 cx
in arcas taorped for four we:ks. The s0il was irrizated before
and 2uring thoe torring., Tarving soil can be an effective non-~
cherdcal method for the ccntrol of s»il-borne pplant - athogens
(%1). Un’er clear plastic tarn high temperatures in woist
so0il lead to more germination of weed seoils,an’ the heat at
the surface kills theim as they coaarge. Under black plastic
~ulch where 330C - 730C LS wave lcng£h5 were eliminated

little thotosynthesis occurs an” thus growth of plante-is

stornned (16) .
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The fensity c¢f Jathogenic pronagules in the soil is
calculated from t-e nuuler ~f colonies develoning on azga
rlates. The ost widely used technique for estinating the
nunber of fungi, bacteria and actinomycetes in soil is the
diluti.n plate Astbiod {(12). 4 xnowvn weight of scoil is placed
in a neasurced guantity of stoerile water and the sushension
shalen to ensurce thorouga dispersion of the soil. rreliminary
exneriments (st be conducted to ascertain the cptimal
diluticns for counting the cnlonies which develep in the
Tetri dishes. ..nother iwethod for pathugen assessnent is

dircet plating {larcup zethod) (12). Five to thirty =g of

©il ore put in a sterile petri Jish an’ ccoled, melted agar

(%]

added. Burying the seil nparticles in the agar =r:vents the
spread of baecteria in the film of water which svon surrounds
s»il rarticles nlceed on the surface <f froush agar. Thisg
method ig more conveaiont t. use snd nskes the isclation of

Phycorycetoes particularly much casier. Issaac (24) used a

Adilutisn nethod to estiate the propagule density of V.dahliae

in soile & 10 ml oliguot of o scil suszensicn fortied by adding
q I g

cight  on of 5eil to 100 1 of Jistilled water was shaken
for 15 nin and then filtered through a Whatuan paper nuzber 5
(1orec size 10 £YY. The filter paper with the nronagules re-
tained was then tronsfored to a asterilized Peotri Jish ond

10 =l of votato Cextruse agar (VDA) (2%) poured over its The

; . ; O
Petri dish was then incubated at 20 C for two woaks .
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fntibiotics are added to many sclective elia used for
isolating particular uothrgenic fungi from goil. 3acteriz and
actincuycetes con readily bo suppressed in dilution plates
by adding corbinations of such antibiutics as gtre-~tomyecin
an auercmycin (26, 39). Venta. ehliro nitro benzena (PCHB)
inhi®its the growth of llucorales in goeneral (20). Nash and

Snyler (35) founl that VCHB @ 750 npm and strestomycin @ 30C

the isclation of F. solani fo ;rhascoli

npr in DA facilitated

an! other Fusariuw: spie bY suwnressing other fungi. Kerr(30)

found that o ding vCHB @ 100 pomy gtroptonycin & 50 Dy roge

(3

benzal @ 60 3y, and nystain 2 100 units/ul providel a solec-
tive wediua for recovering sythium spp. from naturally in-

fostad s.il. 352salis and Scharen (8) repourted that strepto-

nycin @ 270 poo in 29% DDA orovided a sclective mediun for

the isclation of il sulani from sarticles of plant debris in

r— e———

]

snil. Lusher ot ale. (2) cewveloned a sulective madiun for the

igolation of Verticillium spii.
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ITTI, Hitorials and Icthos:
- . bl TR - & 2 o
ice  Llpdiidnb _LEZ';QC‘—" galvi‘pre“:ar:-..tlon of cxperimonts,

s

larping wag Tone Jduring the iicnths of July
ant august wiieh are nsrmally the hottest months
zf the wear acc riling te the clinatelozical
racords vhich were cbtained frow Deir uilﬁ,Agriculture‘
Experimental Station(personal comunication).Four
locaticns were chogen: Zraimch, Deir «lla, Kawar
Farm and Jzame:l farn (in the Jordan Valley). In
Erainceh the soil was flooded for 24 hirs an' then
sanure fortilizer sras added at a rate of $00 kz/
1,000 :2. The s0il was then plowed and Jigke!d in
s> as tu Lhave a swooth surface and o aveid the
~resence of clolse Then the drip svstos wros laid
“ovm to periidt renected drrigati n {24 hrs twice
a veek) without rouwoving the tar:s. The g o il e
installed vn July 16,1978 and the cxeriunent wos
cuorileted after 5 weaks. The same Trocedure was
fnllouved at Sedir Alla Station. The tarns reonaine
in place for 0y 2, 4, 6 or § weeks from Hugust 1,

to Sestorner 25, 1978. Lond proparatisn at the Jair

@1lla ziation was not cosvleted until the first of
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0, 2, & cr 6 wacks from July 20, to September 1,1978.
In dry tarping at XHawvar Farn the szoil was lowed and
then ~“isked, but uany cluds still remained in the three
houses that were used. The tarying was done on July 15,
1578 and continued until Sejptember 9, 1578 without any
irrigation. The lack of water Zuring the suazer at
Kawar Farzs in the 14ddle Gohr wade it impogsible either
to flood initially or to resaturate these jlois ;eriod=-
ically. These houses ha:il Been planted with cucumber for
several years previously, and Fusarium wilt was reported
to:pe a serioug problem.

arnlication of tarjpas:

Three types of local plastic, 0.03 =z thick and
12C ci1 wide, were used: black, clear =2nd yellow. In
addition old {some what omagque) 1lastic was obtained
frou o stock that was previocusly used for pnlastic tunncls
during a reriod of one season. The old plastic was
0.08 m1 thick and 150 cm wide .

Ilastic strips 21 m in length were centered over
the drip lines. The edges of the nlastic tarps were
fastened by placing one edge in 20 cm deepn furrows which
wvere covercd with soil over the edges. Then tar)s were
rullee snuzgly across the drip line, avoiding any large
air pockets by zssuring good contact between the rlastic

tarp and the soil surfacce. Soil was heaped on the sccond
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edge. Uare was taken to avoid tears or holes in the
plastic. All treatments were replicated three times in
a factorial randomized complete block design where the
two wmain variables were the type of the plastic and the
period of tarning. Tarps were left in place for 2, .4,
6 or 8 weeks with an uncovered contrql for coel treat-
rient. Three plastic houses were used, each Heouse bheing
plicate with four types of plastic and five periods of
tarping. Thus each replicate consiste? of 20 experi-
saental treatments. Treatments were randomized in each
replicate .

gach experimental treatment was 21 m longz and one
meter wide, so the total area actually covered with
plastic at each location was 1008 m° . The plants would
be planted later 30 cm apart on each side of the drip
linc. The tarped area in each house was approximately
45% of the total area of the house. The plastic tarps
were applied in the morning from 6 - 10 a.m to avoid
high temperatures. High temperature leads to plastic
expansion,while at - night the plastic cools . and
shrinks and may break if the strips have Dbeen pulled too
tightly .

HMeasurement of air and so0il temperatures :

Thermogranhs were placed at Deir Alla and Kraimeh
in order to record the air temperatures;charts of the

thermcgrajhswvere replaced each week., After the soil was
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tarped an? irrigatéd, 301l thermcmeters (of Casella
Lonson tyre) were carefully placed in cach treatment

at 5, 10, 20 and 30 cm depth. . The thermoneters were
placed in the -iddle of the strips near the drip line.
Temperaturces were recorded cﬂge daily Ydtween “2=4b. ' when
the-maximum hir tempc—~atards occured, TemperatU?Gs yere
recorded frow two days after starting the drip irrigation
until the exserinents wére finished .~

H

/
D, Effect of mathogen reduction on croen developnent:

Dele In greenhousc pots:

Ao cach pericd of ternihg terminated, scil
samples ~tzken from the center of cach »nlot
at 0 - 5, 5‘— 10 andflo - 20 ¢z depth:werecplaced in
rots (20 173700 ¢:3) e Samples taken oo 10 - 20D o
Jepth were :laced in the bottons of the jots first,
those from 5 = 10 cm in the middle an? lastly the
samples.from 0 -5 Cm.placed on the surfaoce oY the

‘

rots .

L]

Sixty rots containing soils from tarped plots
at Kraioeh were ~lantoe) to tomato (Claudia )
on Deca. 3, 1973 under greenhousc conditions. The

percuentagzes of yellowed plants and damning off were

recordad.s

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



21

Pots containing soils from tarped plots at Jameel
Farm were planted tec cucumber {(Beit Alfa) on Jan 5,1979.
The pefcentages of wilted plants and those showing root
rot and the number of days required to develop initial
wilting symptoms were recorded N

Pots containing scils from tarped plots at Kawar
Farm were planted to cucumber (Beit Alfa) on Decs 23,1978.
The percentages of plants showing root rot were recorded{

Pots containing soils from tarped plots at Deir Alla
were planted to tomato (Claudia RaF) on Decs 15,1978. The
percentages of yellowed and damped«off plants were recorded,
Oven dry weight of foliage and plant height were also re-
corded,

To ascertain the effects of plowing on the distribu-
tion of pathogen propagules, further soil samples were
collected from the pots at 0 - 5, 5 - 10 and 10 -~ 20 cm
depth 2)2 months after planting. The propagules were assessed
by direct plating (12) and popﬁlations compared with den-
sities previously determined immediately after tarping .

The same procedure was followed for field samples collected

after plowing and 3} months after planting .
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D.2, In the tarped plots:

The tarps were femoved from the experimental
plots, then the soil in each plastic house was plow-
ed and disked by the cooperating farmers. The drip
systems was laid down and covered with bléck plastic.
The tomato variety (Claudia RAF) was directly seeded
in holes that were made in the plastic mulch, 30 cm
apart in two rows, one on each side of the drip line,
Planting was performed on Octi 7, 1978 at Kraimeh
location, one month after completion of the longest
(8 weeks) tarping period .

The cucumber, Beit-Alfa variety was planted in
the second location, Kawar Farm. Planting was per-
formed on lov. 6, 1978, two months after the end of
the longest tarping period .

Potatoes and tomatoes (Claudia RAF) were planted
in the third location, Deir Alla, Planting was per-
formed on Jarn. 16, 1979, 3% months after tarpind had
been completeds Here the plots were hand weeded but
not plowed hefore planting nor mulched. Also only one
row was planted along each drip line, so a minimum'of
soil distrubance occured between treatment and planting
even though this interval was the longest at any locat-

ion.
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S0il sarmline for mathogen ronamules ng-egsuent:

Three sazples were taken fronm the center of 2ach
nlot at 0 - 5, 5 - 10 and 10 - 20 c¢m befure tarping was
verformed. dach sample was thuroughly mixed prior to
subsam-linge. llost samples were takon by soil auzer. «»
hand trowel was used when scil was Jampe Zach field
gample, abcut 1 kg in weipght, was transferred toa clean
wlastic bag wvkich was tied to avoid moisture loss .

Total number of sarples that were taken before tarping
vas one hundrecd efghty from each locat:on.S5cil somples
were stores in the dark at rocm tenmperziure for two weocks
nrior to sub~sampling to stabilize Jormaat propagules

of sathogenic Fungi (12). 4s each period of tarving
torminated, o scconld series of eoil sanple 3 was collected.
These saqinles wore exanmined for ¢ »miing t . vropagzules
of Qifferent rathoizens .

1 Two reti s wrere used to isslate and ccunt propa-~
gﬁles : dircct plating and dilution rating i12) .
‘Dilution plating was used for thoe two locations with
drip irrigation (Deir ..1la and ¥y.imeh) besid.: the dircct
nlating method. In the other two lrecations (Har wr and

Jamecl Farss) the »nropagules were ¢ untest o i 2ct

rlating method only .
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Lfter thorcugh mixing an? sieving of the bulk soil
samples and stoerage for twe wecks, for (dilution ~lating one
gram of soil was transferred from each Sample to a sterile
dilution Zcttle (21082 1) and sterile distilled water was
alded to give 100 il total solution. after one rour of
miechanical shaking on electic shaker, one nl aligquot was
transferred to cnother sterile “ilution bottle and the nrocess

2

was ropeateds. Dilutiocns of 1 X% 1077 10“3 ¥ 10“5 anc 10"6

were preparceds Four Petri dishes were plated from each dilution

by transfering one ml aliquots from each Jdiltuion to the
sterile Yetri. sdishes. Ten nl of ccolel, unszolidified selective
medium were added to cach Jetri dish. lates were incubated

at rcom temperature for 5 - 7 days. The numbers of colcnies
were counted after the incubation period. The propazules in
samyles collected after tarping were counted by dilution
plating méthod at 1 2% 1079 dilution with five replicates. i
scil sampzle of 15 gms was weished and then oven lrie in order
to Zletermine the sceil nmeisture content, Thz counts of propa-—
gules were corrected and exrressed in ter=s of counts ner.
gram of oven dry Sc¢ile Dircet plating was performed as des-
cribed by iarcui:{12). Five to 30 mg of so0il was placed in a
sterile Jetri Jigh. Sterile distillel water (1-2ml)lwas addled
to the soil sample in order to evenly distribute the soil over
the whcle lates The plate was shaken and rotated to disgerse

the seil, and 10 a2l of 2% potato suerose agar poured into cach
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Aish, The number of propagules in samples that were collectec
after tarping werc countel with a minimum of five replicatisns.
The selective suedium Jevelceped by Katan (2) ant used

for Yerticilliua countg consists of ,agar - 20 3, PCHB-0.05g3,

sucrecsc-7.5 3y chloranmphenical-0.25g, NaNOB-Z.Dg, KCL.-0.53,
“JO 7{ 0 0.5g, K Hfﬂé-l.Og anJ.Fesoq..7H20-0.01g. The

]
-

cr

wmalis was autcclaved ot 15 psi for thirty nin,and then cocled

1 h |

to 457C. Strestouycin (0.1z) and ethancl {5 Ml ywere atded
to cnenr liter of wedia. 1latesz were incubated in the in-

at -
cubator at 18°C for 2-7 Jays; then they were chazcked for

Verticillium. .. known culturce of V,2ghliae was grown on this

aedia in order to test its suitability. another methad emmnloyaed

to isclate Verticilliuz was “eveloped by Issacce (24). Ten g

of scil were incorncerasted intc 100 ml sterile Jistillel water;
an aliguot of S5~1 was shalkieon for 30 ainutes then filtere:
throcugzh o7 atzan aaper Mo 5..The paper supnese”ly rotaine!’ 1Y
propagulesy it was then transferredl to a sterile letri-dish

ant the same scelective nedium for Verticillium was usced

4 . D
I'lates were inculboted in the incubator at 12 “C fer one

k]

week an chcc:vm after the incubation neriod ..

iotate sucrcse agar (i-5.) anedium was usel for isclating
Fusarium sppe. s somcisted of) 0205 ogar, 20g sucrouse, potatoes
(1C0) were beile in 500 .l istilled water for 20 minutes

an filtaere! throush cheesecloth. The =edium was nutsclaved;

hen it wos coolad te &5 “C. The antibiotics (LCHIB at 0.753
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an streptorycin at 0.5g per liter of ma liun) werce
allelse Tho mzdldius ﬁas cshaken wvigorously, nn' then was
immediately poured in the sterile plates. Inoculated
nlates were irneubate in the incubhator at 25 r'JC for
5-7 Jayse Culonies were counted after five aysi and
crunte! a sscond timne aftar seven -lays. fungi were
identific accordin: to Jooth's ey (9, 15).

athozenicityry tests:

4

e

F

ve isnlatas of Tusarium and one each of

e

iinizoectonia solani and Jythiun sp. were tested for

.

sethoenicitye. For each isolate tienty letri -‘ishes

~~tato sucroge acar were prepared an’

s

+

ccntainin in-

o)

€3
"

)

culateds The Fetri lishes were incuhatoed at roon tem=-
seratures in the mcubnator for me onth. The cultures
ohtained fro= the twenty Petri ishes were fiixe! with
a Taring blealer and added to cne Hter of starile
Nistille:® watere icts (12 cm Jlenth) were filled with
soil previously storilize? with methyl Lreomide an® then
incculate with aliquots of the inoculum hy pouring

20 i1 into cach Lote Lfomato (Marmand variety) and

b

cucuaber {Bcit =1lfa), threc see:ls per pot, were plantz.

41

onoe wrcelr ~ftor incculation to ascertain the pathorconicity

Af the ifferent isolatoes..
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i total of seventy pots were employed for seven
isolates times two crops replicated five times. Half
of these pots was planted to tomato and the others to
cucumber., Five uninoculated pots were also planted to
cucumber and five pots to tomato as control treatments.

Tellowing, wilting and root roting symptoms were
recorded. Reisolations were also attempted by placement
of root sections in Petri dishes containing PSA medium.

Tarping of artificially infested soils in pots:

Cultures of F. solani, F.. oxysporum and Verticillium SP.

obtained from the culture collection at the Unmiversity of
Jordan were mixed with scil previously fumigated with
methyl bromide, so as to give initial densities of 1136,
656 and 1042 propagules/g of oven dry soil, respectively,
as determined by direct plating, irrigated once, then the
pots were tarped for 2, 4 and 6 weeks with yellow, black
and clear plastic (0.03 mm thick). The plastic on each
pot was tightly tied in place with string. The pots

(12 cm deep) were kept in the greenhouse and tarped on

I'ay 3, 1978. The Fusarium and Verticillium cultures had

been isolated previously from diseased plants from the
Jordan Vallevy,

Rhizoctonia cultures were isolated from infected

stems of French beans (Phaseolus vulgaris L.) from the

University Farm. The bean stems
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containing microsclerctia were Jround with a Taring Dblender

and then aixes thereughly into soil previously funigated
so as to give ar initizl Jensity of 732 vropagules/z of

oven “ry s»il. Lfter the tarping pericd was cor;-leted, the
pots were plantel i Deans. Chservation on Aa ping of £ and

- Lnl - -
yellowing were recordel. Tarping was started on July 17

1375 in pots (12 c.s Jecp) kert in the greenhouse.
i & L o
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IV, results

14 Identification of the fungi isolated.

The following fungi have been isolated and
identified from the soils involved in these experi-

ments : Fusarium solani (liart.) Appel & Yor, F.

oxysporum, Schlecht. (9), Rhizoctonia solani Kuehn

(15), and Pythium sp. (15). Pure cultures were
prepared from most of the types of colonies observ-
ed in the Petri-dishes. Colonies were selected for
isolation on the basis of pigmentation, rate of
growth, appearance of the mycelium and presence of
propagules on potato sucrose agar. Descriptioné based
on the isolategs obtained during this study follow.

A, Fusarium oxXysporum,

Colonies 4.5 cm in diam after three days, grey
to purple or violet: macroconidia abundant ,
generally 3-5 septate, 27 - 60 X 3 - 55 , micro-
conidia oval~cllipsoid, straight or curved ,
5 - 12 X 2.2 - 3.5 11 ; both are produced from
gsimple, short, lateral phialides. Chlamydospores
clobose, formed singly or in pairs intercalary

or on short lateral hbranches .
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Fusarium solani.

Colonies 3.2 ¢z in diam after three days, greyish-
white to blue or bluish-brown; microconidia 8 -16 X
2 - 4 n cylindrical to oval, some becoming one septate,
borne on long lateral phialides 45 - 60 X 2.5 - 3 u or
laterally on branched conigiophores, macroconidia in-
equilateraily fusoid, widest point above the center ,
1 to 5 septate, 35 - 55 X 4.5 - 6 n. Chlamydospores
globose, smooth to rough walled; 9 - 12 X 8 - 1C n borne
singly or in pairs on short lateral branches or inter-
calary .
Cythium spe

Hyphae large, branching irregularly, septate in
older portions of cultures, sporangia spherical or oval,
terminal and intercalary; oogonia usually numerous and
formed frequently in culture. Cospores shperical, ger-
minating by a branching hypha .

Rhizoctonia solani .

Iwceliur: septate, turning dark brown with age ,

branching approxiately at right angles, lateral branches

constricted at their bases; forming black sclerotia four
days after incubation. The mycelium has constrictions

at the base of each branch .
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L b

The fellovwing funzi were consistoently isolated

freq the zeils Fo s2lzoni and F. nxysporun froa both

IZraiach ant Deir A1l and Re solani frea Yraimeh .

Other fungi sp and .enicilliun) isclated were

2ither nonprathogenic or so infrequently encounteres? as

3 b Ll

te be congiderce? unimportant in this work. Verticilliua

spre were not isolate? from any saples; not even from
the crntril samnles. These s5oils were either free fronm

Yorticilliug 5117, ,0r the Jensity of Verticillium was

cxtreonly low .
The fellowing fungi weore isclate! frum the scils

used in tne experiments at Jamceel Farm: F, s.lani |,

Sivsrail

anl sythium sl

The follewing fungi were consistently isnlated fron

the so0il at Kawar Farm (prior to tarping): ¥, sclgni ,

Fa« oXysyorusa, ile sclani ond Pythiuwm s

Effect of piastic. tornineg on the ponulation ¢of seil in-

fosting fungzi .

It was criginally planned to perforia the saqe
t
exnerinents ot four locaticne, but the c.nditicns at each
locati~.n and the ovailability of water were so ifferent.thnt
it iz unrealistic to average the data, Detaile results

arc¢ rresentel fir Sme locatiocn only, namely Kraineh .
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Kraimech location

High fluctuations were observed in the incidence
of pathogens when isolations were attempted immediately
after sampling. This was considered due to the presence
of short-lived propagules (= hyphal fragments) which
either became converted to resting propagules or were
eliminated in one to two weeks. Results werec rmuch more
uniform when subsamples for isolations were taken after
two weeks of storage,

Table 1 presents the levels of these three pathogens
as percentages of reduction from their initial densities
as determined by-direct plating., Table 1 A in the appen-
dix presents the same information as in Table 1, but as
originally determined (i.e raw data). The reductions in
the pathogen levels indicated by the dilution method
are presented in Table 2,

Both direct plating (Tab. 1) and dilution methods
(Tab. 2) gave comparable results for F. solani and F.
oxysporum. However, the dilution method was not suitable
for the siolation of R. solani . The results were erratic,
probably associated with the. difficulty in keeping nicro-
sclerotia (the propagules of this fungus) in suspension.
The number of colonies developing in the 1 X 10_2 dilut-

ion plates could be counted most easily.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



33

C Yy

JISOA3(J SISAY T, JO INUD)) - UBPIOf JO AJNSISATU[ JO AIRIQIT - PIAIISY SIYSY [[V

Table 1. Zffeet of tarring on the populations ~»f cumaon soil in

1)

festing

muﬁﬁ:( SCIIS at
2}

Kroi-ch; Jordcn Valley. ' Zeduction in (%) at Jifferont s-il depthse.
Ty;e of Juration Jusariun gcloni r. Zhizaetonico 30land
ilastic <

tor—ing n -5 |5 .10 |10-20 |2 - 5 |5 - 12 [16-20 [0 - 5 |5 - 17 |1%-2C

(rkg) cn cm [oF cri cm cm cm cm A

Clear 3 122 a |83 b 55 be | 13C a |1LC a 55 a 120 a |1¢C & &8 a
4 1.2 a |24 ab 73 ab | 1 a |122 a 120 a 100 =~ (1270 a 35 a

5 w0 o |66 ab 79 a 20 a 120 a 56 a &GS oa | 1C2 2 7 o

a 128 a2 |91 ab E0 a D a | 120 a B8 = Lo a 10D & Jh oz

o1 2 3780 | S5 ab 5¢ ¢ | 100 2 [120 a 106 a o0 a 20 n 75 a
4 172 o | 22 ab 77 a | 122 a |1CC a 152 a 120 - 32 a 23w

6 22 a {93 ab 76 a |l 13C a |10 a 120 o 3 a e oo 25 a

8 0 a %5 a 83 al 123 a | 100 a 10 o 20 a o2 o2 ol o~

Yollow 2 I h |62 e 4o ca |l 103 a ok a 24 a 30 a 5 B 2 b
L 37a% |01 b L3y ¢ 52 a 94 o b2 ¢ o0 n 12 D b %

6 100 a | 85 ab 45 ¢ 120 o | 12C = 43be [130 a O3 B 5 5

B 180 & U5 &b 55 ¢ 16 a | 12C a 5% b 120 a 11 b 5 %

4~.1

31ack 2 2L o | 25 e 16 ¢ 86 b 51 b ah @ 6 b L 3 b
4 322¢ | 35 ¢ 27 e 53¢ a 55 a & ar 2 % 5 b Lo

6 L3ecc | 33 ¢ 32 ¢ 197 a 37 = o 9 b 5 b 5 b

g 55 ¢ & 2 48 ¢ E om 58 a 35 4 10 b 7 b G %

None 2 1.2 £ 1.5 £ 1.6 £ 2.1 ¢c{1e1 ¢ [T.7 6 J1o2 b 1.7 5 1.5
b 1.3 £ 1 2.1 £ |13 £ 1.7 ¢ .G e ~.2 6 (1.0 b 2.0 n 1.8

g 3.1 © 3.4 3.0 £1 1.8 ¢ |20 ¢ .5 e [t nl2.7 2 1 .55

! Ge™ £l 149 £ T Bl 24T v | 1.7 1.9 ¢ 1.0 5 8 5 Bogbs
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There was no significant difference between clear and old
plastic treatwents, but there was a highly significant diff-
erence between these two treatments and all other treatments
(yellow, black and control = not treated). The results also sh-
owed that the longer the period of tarping the higher was
the reduction in propagule counts for all treatments. The
greatest reductions were obtained with old and clear plastic
tarps, followed by yellow and black: The ¢ffectiveness of
the treatments was less at greater depths. Complete elimina-
tion of F. solani was acheived from the upper 5 cm of s0il
after six wecks of tarping with yellow, clear, and old plastic
in all samples assessed by either direct plating or dilution
method. The direct plating method indicated that R. solani
was eliminated completely from the upper 10 cm of soil tarped
with clear and old plastic for two weeks. Black mulch was
very poor in causing reduction of levels of R. solani at any
depth, but yellow plastic effectively caused elimination of
the pathogen from the upper 5 cm of so0il, No significant re-
duction was observed in the control treatment during the
whole period,

The reduction in prathogen levels was assaeciated with
soil temperature (Tab. 3). Soil temperature was raised 12
to 16 “¢ under old plastic above that of the controls at the

5 cm depth; clear tarps raised the temperature from 8 to 14 °¢

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



JISOAQ(J SISAY T, JO IU)) - URPIOf JO AJSISATIU JO AIRIQIT - PIAISSIY SIYSTY [V
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compare with the econtrols o Yellow tarps raised the soil
temperaturce frem 5 to ¢ 0C higher than the controls at 5 em
soil Jdepth while black tarp raisod the temperature from 1
to 4°¢ highzr at the same depth o« The maximun rise in temp-
craturo wog obtained under old plagtic followed by clear
yellecw and Llaclt tarmng at all soil depths o The maxi=ma in
soil tomperatures were correlated with increasged air temp-
eratures ( Tal o, 3 ). 3c0il temperatures change! szlowly Jur-
ing the whole tarping period ( Tab 3 }. The old and clear
tarrs were effective in raising soil temmeratures in the
upper 10 c¢n to 4C°C or =wore during most of the treatnent
period . Even at 3T e the 0ld and the clear plastic raiscd
the s0il temperatwre 2-5 “°C above the cuntrols . Tho tem)-
erature incrcases under clear and old plastiec at Jepths of
2C e anl more weoere proidably not sclely responszible for re-
Juced propagulce counts obtained at 20 ¢m o In mnigt soil
held at these slightly clevated temperatures , there was an
opportunity for marlkied Diclogical activity . There is no
cormparble biological activity in Jry soil (4) .

Be Deir Allz location @

droults corraraiile to thoese from rai-ieh wereo

obtainced for both F. sclani and F. oxysporun at Deir

filla location in terns of rceduction in the nropagule

lovels after torping with Jifferent types of plastic .
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Therefore the results are not tabulatsd. o lower per-

centage f roetuetion in jathogsen levels wnoag ockgervae:l

o]

in owot L £ 4o treatiients thon at Traimeh. The drion
ayster at Jeir Alla was ntt weorking well and the water
availanhle was not encugh at any tise to saturate con-
-3letely the treated plots. Clear and 12 tarps resulted
in hi~her jercontages of reduction in pathogen levels
than othor tarps. The best results were obtamined Dy

tarping with elear and o1ad tarns for eight weeks.

Jaricel Farw Location

The taroing pericd was for six wecks at this
1.cation. There w-.g insufficicent ¢ld plastic availabdle
t be uged At this loeation. The tarps were inadvens-
tantly Jesiroeyel after 3ix wecks and data for eight
wacks could not Lo obtained .

The lovels of the three nathozens found here as
rorcentajges of reduction frem their initial densities
as Jdeterainoed by Jdirect plating are presented in Table 4.
irior to treatmont, the population Adensity was highest

PN

for Fo colani (970 - 10082 »ropagules per gra of cven

dry scil). The densities of F. oxysporunm and Pythium sp,
wore orizinally uch lowerybeing 250 = 350 propagules

per sraom of cven dry ssil in the tarced area at 5 cm

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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s0oil depth. For all types of plastic the longer the period
of tarping the greater was the reduction in propagule
counts. Both F. solani and F. oxxsgorum were complet:@ly
eliminated from the upper 5 c¢m of soil after four weeks of
tarping with clear plastic. Pythium spp.wére less affected
by tarping for any duration period than the Fusarium spp.
In the control plots there were slight increases and some
decreases in the concentrations of the three pathogens
during the entire tarping period .

Duncan's multiple range test at the 5% probability showed
that the reduction in pathogen levels was increased by
clear plastic tarping for four or six weeks at 10 and 20
cm depth. There was a significant difference between tle
yellow plastic treatment and black plastic treatment at

any depth in controling Fusarium solani. There was no

significant difference between the black(plastic treat-
ment and the control (= not treated). The beast results
were obtained by tarping with clear tarps for six wee's.

Kawar Farm Location :

The reductions in the levels of . four pathogens
as percentages of reduction from the initial densities
as determined by direct plating are presented in Table 5.
Tarping dry soil with clear and old plastic wag fairly
cifective in reducing the pathogen levels in the upper 5

cm of soil iy but the percentage reduction did not

All Rights Reserved - Librarv of University of Jordan - Center of Thesis Deposit
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Table 5. Effect of tarping dry soil on the populations:

Reduction i:

Type of Duration Fa solani Fe.oxyspor
plastic of
tarping 0-5 5-10 10~-20 0«5

(wks) : Ccin
Clear 2 94 abc 15 be 13 »ec¢ 100 a

4 36 abe 16 be 13 be 100 a

6 100 a 21 he 17 bec 100 a

8 100 a 45 a 42 a 1CC a
01d 2 4o efg 13 bHe 12 be 43 be

4 66 bede 17 be 16 De 55 be

6 66 bede 30 abh 27 ab 71 ab

8 97 ab 32 ab 28 alb 72 ab
Yellow 2 55 def 4 ¢ L ¢ 13 cd

4 68 bede 4 ¢ 4 ¢ 14 cd

6 71 abcde 6 ¢ 5 ¢ 18 cd

8 84 abed 8 c 6 c 21 cd
Black 2 16 hi 4 ¢ 1 ¢ 7 d

7 30 fghi 5 ¢ % i 1% cd

6 33 fzh 5 © 3 ¢ 34 bed

3 55 def 7 ¢ 5 ¢ 386 bed
None 2 Z i 2 ¢ 2 © 0 4

4 3 i b ¢ 2 c T @

6 12 i 3 ¢ 3 c 11 d

8 16 i 2 ¢ 2 13 d
1) Soil remained dry without any irrigation . Soil =
2) Percent reduction was calculated for each treatme

to tarping. All percentages are the mecan of three

Treatments in each column with the same letter ar
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exceed 51% for any pathogen in the 5 - 10 cm soil
layer even when the tarping neriod was eight weeks.

Clear plastic gave better results than old plastic

in the upper 5 cm of soil for both Fusarium solani

and E} oxysporum, R. solani was less affected by the
heat obtained from dry tarping‘fhan were Pythium spp.
especially at fhe lower soil depths (10 - 20 cm). In

the control piots no significdnt reductions were observ-
ed in the population densitied at any soil depth during
the entire tarping period. Yellow tarps reduce R.solani
more than does black for any time period, but at soil
depths of 5 - 20 cm both types fail to reduce the patho-
gen levels any significant amount. Yellow and oiear tarps
became cracked late in the period of tarping. Tarps were
more adversely affected in this location than in Kraimeh
where the drip system was used .

£ffect of plastic tarping on the population of fungi in-

troduced artificially into soil.

Ae Artificial infestation with F. solani, F. oxysporum

and V. dahliae.

The soil moisture before tarping was 10% of
the oven dry weight in all pots. After tarping the
moisture had dropped to 1.5 - 5% of the oven dry
weight.The pots were not rewetted during the tarp-

ing period . The reduction of these pathogens in

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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pots (12 cm deep) tarped for various periods of time

are repreéented as percentages in Table 6. V. dahliae
was completély eiiminated in all experiments, even in
the control, due to the high air temperatures occuring
in thq'greenhouse; The average air temheratures were
39.9 ; 43.7 and 44,2 °C two; four and six weeks after
the start of the experiments, respectively. The soil
temperature increased with time in all treatments.: The
average soil temperature at 5 cm depth was 37.4 °Cc after
two weeks in the control pots. The soil tenmperature at

5 cm averaged 50,3 °C under clear plastic after four and
six weeks, Clear plastic tarping for six weeks almost

completely climinated Fusarium spp. from the pots.Yellow

tarps were less effective in reduecing the pathogen levels

than clear tarps. Slack tarps for six weeks reduced the
pathogen densities 50% or more but not significantly
different from yellow tarps for two weeks., Even in the
control pots the densities of both Fusarium spp. were
reduced by 33% due to the high air temperature,

Artificial infestation with E, solani.

The soil moisture was 12% of oven dry weight when
the experiment started and 1.6 - 4.4% at the end (after
gix weeks})., The percentage reductions of this pathogen

resulting from different treatments are presented in

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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Table 7. Clear plastiec gave the "-highest reductions but

these were nnt significantly different from those obt-
ained with other types of plastic. The population den-

sity was reduced 75% under clear plastic tarped for six

weeks .

k. Effect of pathogen reduction on crop developmcnt .

4.1. In greenhouse pots: ( Relatively undisturbed soil)

A

Kraimeh iocation:

S0il samples collected at the end of each tarp-
ing period were placed in pots (20 cm in depth)
and planted with tomato (Claudia RAF ). The:percentage
yellowed plants counted 5 to 7 weeks after
planting are presented in Table 8. Fusarium Sp.
was isvolated from yellowed plants. The lowest
percentages of yellowed plants were obtained

in pots containing soil from plots tarped with
clear and old plastic in place for eight weeks.
Rasults from plots tarped with black plastic

were not statistically different from the control.
The percentage of yellowing decrecsed in the
second count and then increased in the third

count from pots having soil tarped with clear and

old plastic tarps. This wWaSdue to thining operation.
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Table 7. Effect of mulching on Rhizoctonia solani in scil artificially

infested with sclerotia.

1)

Type of Duration Reductien No of pro- Average soil temperature at 5cm
plastic Bk % of 2)  Ppagules/g 1st 2nd  3rd 4th  Sth Gth
tarping R — of oven dry — —_— —_— — —_— —
(vils) “ & soil week week week week week week
Clear 2 48. ab 374 bo9.7 46.3 50.0 42,4 44,5 47
4 60. a 2838
6 75. a 176
Yellow 2 43. ab k13 49.2 45.0 49.0 40.9 43 45
4 48. ab 375
6 65. a 242
Black 2 20. b 581 48 43.3 46.0 4o.4h 42,3 bl
4 b1. ab 426
5 43. ab 376
None 2 12. b 638 A 41.2 45,0 40 41.5 el
4 17. b 605
6 19. b 587
1} Samples were ass<essed by direct plating. Mulching performed from July 17

to August 28, 1978 under greenhouse conditions in

Initial density 732 propagules/ g soil .

pots 12 cm in depth,

Treatments with the same letter are not significantly different at

P = 0.05 , DMRT.
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Tho percentasge of dasning off obiserved in tomato

plants zrows in potg centaining scils treated with di-

fferent cclered nlastic for wvaricus tiqe periods are
as I

shown in Fi_ure 1

Iy

The longer thr tarning period ( up

to eight weelks } the less the subseiuent amcunt of dam-

(5 By

or TICre . oSonping

tarpe:l writh clear and old plastic

£8 fer 21l treatnments o Darping off declined in

arned with yellow nplagtic for six weelks

cff Jdaclined after four woeelts in soils

Greater percentages of Janping off was observed in scils

tarped with yvellow nlastic o

<arned with Llacl plastic than in soil

~
L

aruning

for four weelks caused nocre reducetion in

1

Tercents;e of Jlomning off than Jid clear plastic tarpg

uged for Tha same pericd .
Plant Telsnts and the oven dry weights of foliage

L}

of turiate cropn JAT

£

net differ gignificantly in these

gr=2ambouse ol experiments .

Jelr 130 Locotic

]
s

e .

20 AN

collected at the ond of cach tarpin

nots and

2lanted with toaato

-~ = ¢ - N . -
{( Claudin .L.7 Junder craeenhwuse conditions .

se ¢of wiltel nlznts in nots containing

Cifferent n»nlaogtics for variocus tine
graphically in fdgure 2 o In the con-

rats =1l nliants showed —rilting . This
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No

"

Plastic

Yellow plastic s ——ecew-

Figure (1). Damping off of tomato seedlings five weeks after

planting in a. greenhouse inpots containing soil

from tarped plots at Kraimeh .,

0ld Plastic =-rimimn
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Figure (2). The percentages of wilted tomato plants observed
in a greenhouse in pots containing relatively un=-
disturbed soil from tarped plots at Deir Alla .

Counted 12 weeks after planting .
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observation was done 12 weeks after planting the tonato
seed, The longer the tarping period (up to eight weeks),
the lower was the percentage of wilted plants. The lowest
percentages were observed in pots containing soils from
plots tarped with clear plastic for diffe;ent time periods.
Tarping with old plastic gave similar results. There were
no sighificant differences between black and yellow plastic
treatments for any time period .

The percentages of yellowed plants as observed after
7, 9 and 13 weeks from planting are presented in Table 9.
Fusarium spp. were isolated from yellowed plants. The lowest
percentages of yellowed plants were obtained in pots con-
taning socil from plots tarped with clear and old plastic for
eight weeks. Results obtained in the first observation from
pots containing soils from plots tarped with yellow plastic
did not significantly differ from those which were obtained
from both clear and old plastic . The percentages of yellowed
plants were increased in 2ll treatments during crop deve-
lopment., In the third observation, the percentages of vellowed
plants in pots containing soils from plots tarped with yellow

and black plastic did not significantly differ from the con-

trol pots .

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Table 9.

The percentzges of yvellowed tomato plants in green-

house pot experiments containing relatively undis-

1)

trubed soil from tarped plots at Deir All"'.

Data collected on

Type of Duration of ¢
Clear 2 6 cd 46 def 53 cde
4 5 cd 40 defg Lo def
6 0 d 33 cfg 40 def
8 0O d 6 h 33 ef
01d 2 0 d 40 defg 66 bed
4 0 d 26 fgh 53 cde
6 0 d 20 ¢h 53 cde
8 0 da 13 h 20 f
Yellow 2 13 bed 60 bed 86 abv
4 13 bed 60 bed 36 ab»
6 13 bed 53 cde 60 abe
8 Cc ad 53 cde 73 ahc
Black 2 53 a 86 a 93 ab
L 50 ab 73 abe 80 ahc
6 33 abe 73 abce 73 abc
8 20 bed 73 abe 73 abe
None 2 6C a 86 a 100 a
4 60 a 8C ab 86 ah
6 6C a 80 av 30 abe
8 53 a 73 abe 73 abc
1) Plants thinned to five per pot. Figures in the counts made

on Feb 17,

of yellowed plants in the previous counts.

and March 12 represent the accumulative numbers

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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noriod trera Ilaced in pots (P2 ¢ in fenth) and plante?

fo cueuor (B2t Al1fa) on Jan 5, 18795 under sroeaniuse
conditions. She vercentages of rilted pnlants ohsorvaed

tar plonting are presentsd in Table 1C.

Sysptons incluled cracking of the stes above the soil
surface. Iafzeted nlants had poor growth; the heigh

of +he nlrmts ros less than 15 ¢ after 10 wroeks and
roots wrere ohvicusly rotted, Gilted plants first be-
ca~e obvi-uz at Jifferent periods after seeds rere
nlanted {Tabe. 12). The shortest tine re.uiraet for
gyrptass 8 bu develepr was 20 to 25 foys in the
controle . ots containineg seils tarped with clear plastic
for four mree’s or aore did not show wilting sy.aiters

woere ousorved

e Y = et B T A A PO T — AL D R, S S |
somewhat coriier aftor tarping with Llack than rrith

o~ .

yellow plzstiec o The lowest narecantaze of  ilting was

1+

observed inm pois it s30il tarved for siz w:ieks with

cloar niasiic. The percentages of the wilted »lants Tas
srontor i pote wit? soil tarted with wgllow —lastic
an yrith m2il torcoed crith eloar plastic. T ~arcentagae

e » % T m ot TR =y “~ g e £ A . - iy
£ wisnte o oring root rot arier L3ing

-+ - h -y LT SHIS dmwgte P - . - e 2 g e e - L% =
tarned yith Jifforent Dlasties e wagersad dn Tobls 18
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Table 10. The percentages of wilted cucumber plants and those
showing root rot and the number of days required to
develop initial wilting symptoms in pots containing
soils tarped for various periods after a single

fiood irrigation.

L

Type of Duratioh of % of wilting Days from % of plants

plastic tarping(wks) _ 1) planting re- having root
on 16.3.1979 quired for rot on

first wilt 16.3.1979
symptoms to

develop
Clear 2 66 he 30 b 50 ab
L 45 g 60 a 0 ¢
6 4y @ 60 a 0 ¢
Yellow 2 62 ¢ 34 b 50 ab
L 50 @ 60 a 45 b
6 .41 d 60 a 37 b
Black 2 100 a 25 b 50 ab
L 50 d 34 b 50 ab
6 4o q 60 a 50 ab
None 2 100 a 25 b 66 a
L 75 b 20 b 66 a
6 50 4 20 b 50 ab

1) The number of plants per pot varied from 2 to 5. The per-
centages were determined 10 weecks after planting .

Treatments in eachcolumn with the same letter are not signi-

ficantly different at P = 0.05 , DMRT .

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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These data were collected 10 weeks after planting.'’

F. solani was isolated from these rotted roots.Root
rot was not observed in pots containing soils treated
with clear plastic for four weeks or more.No signi-
ficant differences between black, yellow treatments
and the controls were observed. The highest percentage
of root rot was observed in the control pots.

D. Kawar Farm location:

Soil samples collected at the end of each tarp-

Y
o —
14 2]
Q
o
]
-
[#9]
o —
[#2]
Q
=
—
G
o
S
Q
—
=
Q
O
1
5
=
S
o
)
L
]

ing pefio& were placed in pots (20 cm in depth) and
planted with cucumberi{ After eight weeks there was
100% root rot in all treatments with vyellow and black
plastic and in the controls. The percentages of plants
having root rot was 85 - 95 % and 97% in pots contain-
ing soils treated with clear and old plastic for eight
weeks, respectively (data not tabulated).

4.ii. In tarped plots in the Jordan Valley:

A, Krairmeh location:

The percentage of holes with no tomato plants
resulting from dampped-off small seedlings or non
emerging seeds are presented in Table 11.The first
data were collected two weeks after planting tomato
seeds and data were collected monthly until Jan 20,

1979. The percentages of missing holes decreased.




56

rmarkedly from the first to the second observation because
of replanting. The bPercentages of missing holes increased
in all treatments from the second to the third date of ob-
serVation; because some of the newly germinated seedlings
also damped-off. Results observed in Jaﬁuary(not Presented
in Tab. 11) were similar to those observed in December
Primarily because no further replanting occured after mid
December., The lowest percentage of missing holes was ob-

served in plots tarped with ¢lear or old tarps for eight

Jordan - Center of Thesis Deposit

weeks. There were no significant differences between black
and yellow treatments in reducing the bpercentage of missing
tomato plants, although there were obviously decreasing
trends in the data. Slightly higher percentages of missing
holes were observed in Plots tarped with yellow plastic
than in plots tarped with black plastic .

The percentages of holes having only one plant after
different color treatments are shown in Figure 3. The data
were collected only once, two weeks after planting tomato
seeds. The bercentage of holes with only one seedling dro-
pped from 4.3 to 1.1 by extending the tarping from two to
cight weeks, in rPlots tarped with clear plastic. Similiar
results were obtained with old plastic, the Percentage
dropping from 4.9 to 1.9 . While there were some differences
in the numbers of holes with only one plant after tarping

for +two or four weeks with black ,




£7
Table 11, Percentages of hzles writh no to'snto rlants in taryped

nlota at Iraimeh .

Batcgs of obsoervation

University of Jordan - Center of Thesis Deposit

T DL SUration  50.10. 1578 20.11. 1978  20.12.1978
tarping 1) 2) 3)

(wiks)

Clceor 2 2%3.7 2o 2e7 abe 173 a
L 2,3 b 2.5 nbc 9.5 bed
6 1L.5 de 2.3 he 8.4 cd
O 13.3 ¢ 0.8 ¢ ho1 @

old 2 21.3 be 2.7 abc 8.2 cd
1 15.7 co 1.7 bc 5.2 &
% 16.56 ca 1.6 bHe 5.6
R 15, L ae J.9 ¢ T, |

Yellow 2 the2 b 6.1 a 17«1 @b
& 23.82 Db 504 ab 15,2 ab
¢ 23.1 b 5.4 ab 14,9 abe
8 2%2.56 be 3.3 abhc 1k.9 abe

3lack L2 2543 b 4,7 a 15.7 abe
& chel b Lh.5 ahe 14,3 zbe
6 22.2 be 4.1 abe 14.2 abe
s 173 cd 3.2 abe 10. 3 abed

None 2 23.7 b h.7 ab 17.2 ab
% £3.3 b L,6 abe 16.9 ab
6 21.7 be L,5 abe 15.5 abe
8 20.9 he 4,5 abe 14,6 abe

1} Observed two wecks =fter Planting tchato scodsa.
2) Observed one =onth after the first cbservation .

3) Obscrved two ranths after the first observaticn.

et

4) Obscrved thrse :omths atter the first obseration .

1r

Heans within ecluim followed by the same letter are not

significantly diffoerent at I = 0.05 . di1ar .
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yellow and no tarping, these differences were not
significant. The numbers of holes with only one
plant were essentially the same for these three
treatments after. tarping for six or eight weeks.

Kawar Farm location :

The percentages of holes having only one plant
were checked two weeks after planting (Tab, 12) .
The percentages of yellowed plants were determined
15 weeks after plantinc. Nilteé plants were counted
10 and 15 weeks after planting (Tab., 12). Poor stands
in Table 12 were due to the high survival rate of the
different pathogens (Tab., 5) after dry tarping .
The wilting percentages increased with time(Tab.12)
and were correlated with higher population densit-
ies of different pathogens in the soil. The lowest
percentages of wilted and yellowed plants were ob-
served in the plots tarped with clear or old plastic
for eight weeks ,

The percentages of missing plants observed two,

six and ten weeks after planting cucumber seeds in

the tarped plots are presented in Table 13. The

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Table 12. The percentages of holes having only one plant

60

*

yellowed and wilted cucumber rlants in tarped plnts

at Havar Farm on different dates during the growing

seasocn

fercentage.,

1)

Type of duration

% holes with % yellowed 9% of wilted plants __

for wilted plants .

DPlastic of one plant plants —
torping 21, 11, 20.2. 1979 16.1.1979 20.2.1979.
(wks)
Clear 2 13:5 abc 13.1 abcde 12.4 19.2
b4 1145 abc 8.2 cde 10.1 8.2
6 11.4 abe 7.4 de 8.2 7e2
8 11.1 abe 7.3 e ho1 7.1
0ld 2 16,9 ab 13.1 abcde 11.4 16,2
4 14,85 abe 12.4 abecde 10.7 1443
6 14,2 abe 12.2 abcde 10.2 11. 4
_ 8 11.3 abe 3.9 bede 9.6 6.3
Yellow 2 13.3 abe 19.7 a 16. 4 19.6
6 9.6 bec 15.4%4 abed 13.2 15.8
8 8.9 ¢ 14.6 abede 745 15.2
Black 2 13.2 abe 19.2 a 17.2 20,4
b 12.4 abe 172 4 14,7 17.9
6 1G.2 abe 16.4 ab 14,3 16.2
8 73 ¢ 15.9 abc 10.1 14,5
None 2 18,0 a 20.0 a 15.9 29,4
4 14.3 abe 18.9 a 15+ 2 27.3
6 10.7 abc 17.9 a 14.7 25.9
8 14.5 abe 17.2 a 14.2 23.2
1) All percentages are the average of three replicates, except

Treatments in each column with the same letter are not

significantly different at P = 0,05 , DIRT

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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percentage of missing plants decreased from the
first to the second and from the second to the
third counts because of replanting done by our
cooperating farmer., Nevertheless, poor stands
occured in all trcatments. There were no signi-
ficant differences between trecatments in the first
and second counts. 0ld and clear tarping for six
to eight weeks and two replantings reduced the
percentage of missing plants in the third count.

Effect of cultural practices on pathogen densities,

The actual pathogeh densities in soil samples
collected before tarping, immediately after tarping
(i.c before plowing) and thirteen weeks after plant-
ing for selccted trcatments are presented in Table 14.
Cultural practices, including the actual growing of
a crop (with but few exceptions) did not greatly

modify the population densities of F, oxysporum and

R. solani. R. solani and F. oxysporum were each

reintroduced only once after being eliminated Yy the

tarping. Indeed in several cases these

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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Table 13 . Percentages of holes with no cucumber plants in

tarped plots at Kawar Far:: on different dates dur-

ing the growing season

Percentages collected on 1)
Type of Duration 2) 1) ' 1)
plastic of 21. 11.1978 19, 12.1978 16.1. 1979
tarting
(wks)
Clear 2 33.7 a 23.1 a 12.5 abe
4 30,1 a 22.4 a 9.7 abc
6 22.9 a 21.7 a 8.3 abe
8 2847 a 20.3 a 5.8 be
01d 2 30.5 a 26.6 a 14,6 abe
b 22.5 a 17.3 a 7.8 abc
6 24.2 a 15.3 a 6.7 abc
8 23:9 a 14.0 a 4.8 ¢
Yellow 2 34.8 a 25,2 a 16.1 ab
L 33.06 a 23.0 a 9.8 abc
6 33.1 a 19.4 a 9.8 abe
Black 2 32,9 a 27.5 a 14.8 abece
L 32.4 a 26.9 a 12.5 abec
6 27.8 a 18.9 a 12.1 abc
8 20.1 a 16.2 a 10.3 abe
None 2 33.4 a 27.4 a 16.9 a
L 30.1 a 26.9 a 16.3 ab
6 28.4 a 25.8 a 15.7 abc
8 22.2 a 19.6 a 15.2 abc
1) All percentages are the average of three replicates .
2) Observed two weecks after planting .
3) Cbhserved six weeks after planting .
4) Ohserved ten weeks after planting .

Treatments in each cclumn with the same letter are not

significantly different at P = 0.05, DMRT .

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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Table 4. Pathogen densities in field soil samples collected from tarped plots at
Iiraimeh before tarping, imnediately after tarping and 3%2 months after
plowing and planting . 4

)

Actual densities at different soil aotﬁtm.u

Treatmont __— C -5 cm 5 - 10 cm 10_- 20 cm
,x\x\\\\\\\mww:ommz 42 B2 (2 A8 g2 c2 A2 g2 o2
Clear F. solani pmmmgv 0 138 2062 288 135 3379 709 98
plastic F, oxy 556 (o] 0 495 0 0 304 0 0]
(6 wks) R. solani 200 0 0 400 0 0 160 20 0
O0liad F. solani 2266 0 1628 1875 131 490 2902 638 652
plastic  F. oxy Loc 0 o 309 0 0 270 e 0
(6 wks) R. Solani 290 0 0 409 0 75 210 31 0
Yellow F. solani 2266 294 1019 1975 375 735 2902 1654 1398
plastic F. oxy 356 0 0 313 18 0 304 218 0
(4 wksg) H. solani 271 0 0 550 Los 0 209 200 0
Black F. solani 1816 1035 755 5837 3910 684 3414 2321 8oco
plastic F. oxy 340 c 256 271 8 0 289 150 C
(6 wks) R. solani 271 246 52 461 437 152 289 274 67
None F. solani 1799 1775 931 2062 2018 1306 3379 3314 988
(4 wks)  F. oxy h71 462 o 395 388 0 204 202 0
R. solani 200 198 o0 300 300 0 170 170 0

1) Density = No of propagules/g of oven dry soil as determined by direct plating
of field samples .

2) A = Density prior to tarping .
B = Density after tarping for the period indicated and before plowing . .
C = Density in mid secason (approximately 3% months atter plowing and planting).
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pathogens could not e reisolated in mid season even
though they had been present in reduced nurmbers at the
end of tarping. In contrast,_f. soclani population
fluctuated in density after soil preparation and plant-
ing or was reintrocduced more freguently after having
been eliminated DLy tarping. Portions of the soil samnhles
collected at the time of removing the tarps were placed
in pots (2C em in Aenth) in the greenhouse with the least

possible distrubance so as to maintain the original field

profiled Tomatoes were then planted in these pofs and soil

samples were taken two and half months after planting from

randomly selected pots., The nopulation densitics in field

samples taken hefore and after tarping and for nortions agf the

samples taken after. tarping which were sarpled two and
half months after being potted and planterd to tomatoes
are presented in Table ¢§. If the propaguie densities
obtained in the greenhcuse pot experiments (Tab. 15) arc
compared with those obtained in the field at mid _season
(Tab. 14%), there is generally less variation froim the end
of tarping(i.e from before plowing) to mid season in tha

greenhouse experiments than in the field experiments .

I'athogenicity of the isolates :

Five different Fusarium isolates , four of F. solani,

one of F, oxXysperuil and one isolate of ecach R. solani and

Pythium sp. were obtained from the tarped plots. Plants

were checked for symntoms two months after seeding , root

sections were

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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Table 15. Pathogen densitites in soil samples collected from tarped plots at Kraimeh

before tarping, before plowing and 10 wecks after being planted to tomatoes

in the greenhousc.

Actual densities at different soil amvﬁ:m.pv

_w Treatment 0O - 5 cm 5 - 10 em 10 -« 20 cm

Pathogen bm wm Om bw wm Om >N mm Om
Clear F. solani 1866 0 123 2062 288 652 3379 709 1236
plastic F. oxy- . 556 0 by b9s 0 0 304 0 0
(6 wks) R. solani 200 0 0 koo 0 0 160 20 0
01d F. solani 2209 66 106 2166 259 102 3516 1758 1092
plastic F. oxy. .n 361 0 45 604 0 24 237 0 455
(4 wks) R. solani 200 0 0 301 0 0 120 24 0
Yellow F. solani 2266 294 129 1975 375 748 2902 1654 1223
plastic F. oxy.. 356 0 0 313 18 0 304 218 30
(4 wks) R. soiani 271 0 0 550 495 150 209 200 180
Black F. solani 2218 909 460 4683 2341 710 3496 1817 1140
plastic F. + 302 0 0 4ol 9 43 505 222 o T
(8 wks) R. solani 131 117 80 338 314 .0 224 210 200
None F. solani 2109 2043 2093 5179 5002 1541 3479 3409 1930
plastic F. oxv.... 435 427 153 120 117 103 110 109 120
(6 wks) R. solani 190 188 151 380 380 360 130 130 100

1) Uoﬁmwﬁ% of propagules/g of oven dry soil as determined by direct plating.

2) = Densitics prior to tarping .

Densities immediately after tarping for the period indicated and before
plowing .

= Densities in B samplecs, 2% months after they had been potted and planted

to tomato .

O ©e
i
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Ve Discussion:

These results clearly Jde=monstrate that clsar and
21d plastic swlches during July and susust provide a
highly »romising means of raising soil teipder-tures to
44,-5%,9 °C in the upper 5 cm of soil cdepth and that this
tem crature raage, if maintained fer four or more wecks
in meist s0il is lethal to most pathogenic funzi proscnt
in the soil. Transrarent plastic per:ifs 32% of the day-
light to pass into the soil layers, but black nlastic
per=its only 529 of the rays to rass and reflicts the
other 52% « Comsezucntly hijghoer teuperatures are incduced
undér clear thon under black plastic (15).
during the night the zcil te:meraturce drops under
clear mere tian under black jplastic because clear :lastic
Bas higher transiarency to leng, infrarced radiation than
does blaek. S0 there is less variation in teirerature
under black rlastic from, but also lower averaze temp;
ceratures « Tice visible wavelengths in sunlight (from
33C0 - 7500 A:) are somewhat effective in raising scil
tesperatures ond some of the energy comes fron wavelengths
of 280C - 3800 4° (ultraviolet rays), but the most energy
comes from the infrared rays, with wavelengths of 7320-

25320 7. Soil temperature drops during the night due to

racdicticn :f wavelengths from 52000 - 350000 4% from the
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The hirhest incculum cdensities of —athogens have been
Fl Y

1

o after tomato and cucumber debris ha

o
o
%]
¢
H
4
0]
.
=
[
g
[
[
[44]

Seon plowed into tha goil. Tarping should co=ience vnly after

A
% y

the debris of'tbe previaﬁs crep has cither heesn remaved or
srell mixed into the soil, and cbviosuly should cccur wvhen air
taemeratures are ot the highest.

Jeather roecor:ds for Jordan {Deir 4lla Staticn) indicate
that July and Auzust have the maxirmun monthly average teap-
cratures, an’ the average mnaxirum daily temperature increases
from June till /juguste iverage maximunm daily temperature ds
nut the only factor. Obviously the total nuwer of hrs of
1e per day is also significant; the number of
sunshine hours incroases in June and cduring July; then it

docreases in the =iddle of august o During July the dzily

G

zean sunshine lasts for 12.5 hrs; this periced drops to 11k
hres after .ugust 15 in Deir-Alla Station. 3ecause of residual
sffoets ore hoat iz neld in the s:il once the temperature
has been built v, ie¢ in July, than earlier (i.e in June).
Cenversely -ren the days bezin to shorten anpreciably in
length,i.c in 1late Auzust and early Scptenmber, s2il tempera-
turcs begin to decronsc. Therefore, it is better te tarp in
July and hLugust than in Septomboer) July i8S probably better
than /usust. However, the raesulis cle-rly indicate that the
ionger the tariping reriod the greater the reducticon in Lropa-

gule survival, particularly if water is available to retzin
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So it is recommended that tarping

be done wherever feasible after mid June and tarps be left

in place until Planting operations commences,

The following statistical analysis for column i1 in Table

1 as an example indicate that there were a significant diff-

erences between plastic types,

and between type-duration interactions.

between durations of tarping

Source of variation af SS 1S Fc Ky tg?%e

Blocks 2 147.35 73.6 |

Treatments 19 96632.39 5085.9 49.8" 1.85 2.40
Plastic type 4 -91464.21 22866 22379* 2.62 3.86
Duration of tarping 3 !1567.6 522.5 5;11* 2.85 4,134
Type -~ duration 12 13600.58 300 2.93;_9.02 2.69

Srror a 38 \3881.9 - 102.1 B

Total 59 100661.64

-

il

significant difference
Fe

' calculated

The density of pathogen propagules tends to be lower

during the middle of the growing season and to increase to-

wards the end and after the plants die(12).

As the temperatures

become less favorable for disease development in Jordan Valley

or under greenhouse conditionsy. hyphal cells of fungal patho-

gens are converted to long lived propagules(sclerotia or

chlamydospores)..
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Both clear and old plastic tarys have been dewonstrated

tc e effective in reducing the levels of pathogens. This
recuces the number of yellowed plants appearing in the plots
after planting and in rot experinents using scil samples
from treated pots .

Yellow plastic was wmuch more effective than blaclk
plastic in reducing pathogen levels. However, scime tears
and holes arnpeared in the yellow plastic after two weeks,and
nonc cf the yelloywr tarps remained intact through the 6 or 8
weeks tarping pericds. The degradation of plastic mulch is
the combined result of coxidation and the effect of ultraviolet
light, which causcs wvriibrittlemont. This dawsage can be avoeided
by careful contrel of the specific additives put in plastic
during processzing (1C0).

Clear and cld plastic tarping are considered effective
for complete eliiminaticn of some pathoegens, and for reducing
the Zensity of others to lavels that o not cause severe
discosc.

Reduction in the density level of «, solani after tarp-
ing is reported to be due to an antagonistic relaticnship with

yythium ultinmum (40). Te isclated an unidentifiel species of
N

Cythium from three locations, but wedo not have direet evidence

that the reluction in thizotonia sclani observed in cur

experiments was the result of an antagonistic recaction with
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the iythiun 57, isclateds In contrast, a synergistic inter-

acticn has becen reported botween ythium ultimunm and F.sclani

under ficld conditions during the growing season (40). High

densities of Vythium were accompanied by increasing levels of

Fusarium sppe This was obvicus in pots kept in greenhouse

&

from the dry-taryed ulots,

Dircct wlating wos more suitable for pathogen asseszment
in this study than was dilution 1 lating. Higher numbers of
propagules have been recovered frem the same s0il weight by
the former method, The lattar moethod requires special care
during mechanical shaking for accurate results, especially
with mathcgzens rroducing sclerctia. Some colonies recovered
rnay have resulted from fragnments of mycelia. In the case of
dircct plating there is no bregking of hyphae inte smzller
fragients, Thus cach colouny results from o single propagule.
dso direet plating is soatisfactory in detecting low densgities
of pathogens, while Jilution plating technizues works best
in the case of nhigh density levels of pathogens. The differences
obtained between dircet and Jdilution nlating suggest that a
period longer tham 2 weoks may be necessary for the number of
vropragules of soae pathogens te beoome astabilized. slsc for
maximum unifersity shaking the <dilution bottle vegerously is
recuirnendaed imsedictcely prior to withdrawal of the sami:le by

the pipette in cagse of Jilution lating .
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Affective contrel of pathogens has bheen acheived Dy

her cld or clear unlastic where tarping was performed with-

4]
(R
ot

a ¢r system yrevicusly installed. This permits the seil to

-
ot
o

be rewetted without removing the tarys. Jatering the selil to
the ficld capacity improves heat conduction by filling the air
spaces. alr is a moor conductor of heat. Also high tempera-
ture sccompanie? by high scil moisture apparently induced
wealening of resting propagules. Such nropagules are ore
subject to attaclt by other mic:o-organisms. Soil saprophytes
are enhance:d in nusbors by high temperature and high moisturcs
Some saprophytes initiate attacks onl pathogens, and thus
provide biologiczl control (4).

The aim of soil oreparation is toe have a fine tilth. 3y
rolling , air pockets under plastic tarm are reduced as better
ccntact results Letween the plastic tary and the soil surface.
Less reduction of nathozen level is acheived by a single
flooling followved by tarping than by plastic tarning of scils
that exn be roncistenczd pericdically. Simdlarly,dry taring
yhere no water is arplicd is also less effective. Por example,
a high lincar rogression coefficient was acheived between
re:iuction percentages of the pathogen, E. solani, at 1T cn
in all four lccaticns and the percontage of moisture, 0.66,
CabZy, CuP84 ond J¢97 under clear ., vellow, black, and

old plastic tarss resiectively, This means that irrigation
1 o
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during tarping operation is necessary to acheive effective
results,

In the West=Bank the reduction in propagules of F.
solani varied from 95, 68 and 63% at 5, 15 and 25 cm depth
with clear plastic tarped for two weeks(27), while it was
96, 80 and 48 at 5, 10 and 20 cm depth with our clear tarp
for two wecksl So better control was obtained by oxtending
the length and the width of the tarped plots (our tarped
plots were 21 long and one meter in width while they were
15 m and 70 c¢m in width in the Wesgt-Bank). The wider and the
longer the plots the less heat loss through the edres and higher
hecat will be built up in the soil,

e obtained better results in reducing the pathogen
level at Kraimeh than at the Deir-Alla location. The drip
system in the second location was poor and not enough water
was available to wet the whole tarped area. In contrast the
jet type drip system in Kraimeh did the job easily and water
was available to resturate the soil.

There were no significant differences recorded between
treatments for 2, 4 or 6 weeks with each color of plastic in
the number of wilted plants found in tarped plots. The farmer
at the Kraimeh location plowed the so0il to remove the weeds
present between the plots, and organic manure was added to

the whole house before our tarps were spread.
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The number of missing tomato ﬁlants was less in
the second count six weeks after iﬁitial planting than
in the first because of replanting. Subsequently, the
number of missing holes increases in the third count
becausge ﬁoét df the seedlings replanted do not become
establiéhed in thHe missing holes after two successive
diréct scedings have failed: The numbers do not change
in the fourth count because no further replaﬁting occured
and nd additional plants bécame wilted, The ﬁercentage
of holes having bne plant in thé first 2<% weeks after
planting is also considerea a weak link ih stand establis
shment becauské if that dingle seedling is attacked by
some pathogenj a missing hole results. The number of holes
with one plant decreased as the period of tarping increas-
ed, In greenhouse pots containing soil samples from Kraimeh,
the percentage of yellowed plants increases with time
(Tab. 8) because with each count the number of yellowed
plants in the same pot is increasing. 0ld and clear tarping
for eight weeks resulted in the lowest percentage of yellow

plants.
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3
reucing pathozen levels in the untoer 5 cm and relativoely
effoetive in the next 15 co bolew, Thus flooling will Jelay
infectivn for coertazin perics. Zgually imsmortant Juring
this ~al iticnal tinme pericd plants becuwse were resistont to
disease.

in the abscnce of water waos affective

iven dry tarrin;

T
L]

pa

in eliminating wathsgezns from the usper 5 e of soil. 4t

"

greater dejpths the reduction was noet significant. Because of

socr soil eonluctiviity Jdue to the absence of water, little

Pt

heat penetrated Lelow the upner 5 cm. The air in the scil is

a good insulzotor, Here acain the soil was lowed aftoer tarp-

P

ing and befcre planting; conscquently the tarpe? area orodably

was contaninate” to some extent wvith untreated 5011 which
was moved laterslly in the nlowing operation. This probable

sixing of untregted soil with treated oil would result in
the troentoaent anvearing to be less cffective based <n i
incidence in subscguent cropas grown in thoe plets than in the

mot exveriments erfourned in the greenhousge, S50il plowing

does Adistrud the tarrsing area as is clear froa saples

wa

1 1
i

cnllcetet an'! assessed Juring the growing seassn .
slastic tariding is porticularly cffoctive Locause nlant

rathogens Jo tend to be concentrasted in the upprer 10 cm of

5011, s cothogzeons to this depth were comgsistontly killed by

after a single flood irrigzotion was effective in
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tarping with cloenr or Gl lastie for four waeaelis or longer.

1

*

The cultural practice of using a black wlastic mulch caunses
the roots to Lo cuncontrats) in the urver layers of the soil
(32) an! thus to Le at a depth =ust effectively troeated by
solar ener"f. Un er those conditions the ypropagules present
at “opths belew 12 ¢ comstitute tuch less of a scurce of
inceulun to the ercrp o There is little infection and that
which nccurs, «ccurs late; thus there is little or no liscase,
1ittlc or no less, and no significant buildup of incceulu:n in
the surfzace loyersi

Mahy =7vantazes result from torping cvith ol plastie tho

.

IS

hos been uses for wne seascn in ulastic tunnels. It dves

ults eoual to those JbDtained with clear laoastic and

i)
«©
]
4]

obvicusly cuts the cost of the tarping haterial «

(&

In taring it is recoimended to cover the entire goil
surface within o house so that all soil will be treateds This
aliminates the pogsibility of lateral mixing of untreated
scils from the nisles writh treated seily it reluces weed
grewth in the aisles; it shoulsl also redfuce cisture loss at
the ¢ lges and thus greatly improve the cfficiency of thoe
treataent,
The couperating farnaer in Mrainsh tarped three houses

or his owm use with clear plastic in strips ( thus covering
50% of the house )} for the maximum periocd ( eight weeks ) .
He obtained better results than did we in our experimental

housecs in which we had controls ( no treatment ) , different

colored traps and varying time periods .By extending the width

of the treated arca 4 the accumulative effects will Dbe greater;
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soil termpertures will e higher at the surfaae and penetrate
decepPer and mcre evenly than in case of strip tarping .

There was no gignificant difference between old and clear
plastic tarping in reduction of the pathogens ;

dlack plastic tarps have the advantage that with proper
advance soil preparation , there need be no rernoval of tarps
at planting time and thus soil disturbance could be mininized .

As stated previously Llack plastic concentrates root Jdevelop-

ment in the upper soil layers and continues to provide effective

weed control during the growing season . Yellow plastic was
better tﬁan black as a tarp in recducing the pathogen levels
Auring two to four weeks periods | but gubgequent disintegr-
ation linited the tctal period cof treatment poessible with
this color 4

The soil should be prepared before tarping so as to be
reacdy for planting immediatly afterremoving the tarps with a
mininun of subsequoent scil disturbance .

Tarping witlh either clear or old plastic is less cxpen-
give than other nicthods of treating soils to control pathog-
eng « The cost of materials to treat 1 gqm with methyl bromide
amounts to 7¢C fils ( 700 fils /1b / 10 sqnm ), while one Kg
of plastic tarp ( 0,03 mm thick ) has a surface of 4C sgn
and costs 400 fils or only 10 fils per sgm . Also plastic

is hazardous ncither to the applicator nor to the crop to
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_Zven at lwer -depths (20 - 25 cm) where the soil temp-
erature was around 3700, significant reductions in pathogen
levels were observed, Sub lethal temperatures in miost soil
may weaken the resting structures of plant pathogens suff-
iciently to render them vulnerable to- attack by antagonistic
components of the so0il microflora(28).

The pathogens consistently isolated from soil samples

prior to treatment were: Fusarium solani, which causes root

rot of tomato and cucumber plants; F. oxyspoium which is
prescent in lower density in the soil,; is responsible for

cucumber and tomato wilts; Pythium sp, and Rhizoctonia solani

which were present in some plots in very low concentrations
prior to treatmcnt; neither exceed 500 propagules/g of oven
dry soil. F. solani had a concentration of 1799 - 5837 pro-
pagules/g of oven dry soil at Kraimeh i F. oxysporum, a den-
sity of 171 - 604 propagules/g of oven dry soil; and R.solani
a concentration of 100 -~ 461 propagules/g of oven dry soil,

all in the upper 10 cm of so0il prior to treatment. The same
pattern was present at the other locations.. The concentration
of F. solani,_was consistantly highest followed by F. oxysporum.
R. solani and Pythium sp.. were present in small concentrations,-
not exceeding 178 propagules/g of oven dry soil for R. solani
in the upper 20 cm at Kawar Farm and 583 propagules/g of oven

dry soil for Pythium sp. In Jameel Farm the density for
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Pythium spi was 295 propagules/g of oven dry soil in the
upper 20 cm of soil prior to treatment.

In our experimenits there were no significant differ-
ences correlated with the tarping which was initiated at

the different locations ¢
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Conclusicn ;

Clear rlastic (0403 mm) an? old =lastic(C.08 =)
were e-uzlly eflcctive vwhen ussd as 1lastic tarns in
reucing hoarwiul sdcrocrzanisis rrozent in scils in

he Jerdan Valley; These taryps wer: cuch re offective
than either yoellow or black tarsa. The thicker tarp
2id not transmit as ruch solar cnersy az the clear
plagtie, Dut wns o 'ually efficicent ue to  lower heat
loss at night. The thinner clecar »lastic transrdittel
rore swlar euery, sut hal a higher heat locs Juring
the night.

Tacre were significant ifferences between tarping
for 2, &, 6 and 3§ week periods; cisht woeeks was —ost
cffoctives Thoe tarps should be in lace for at least o
weeks Juring the hottest rcart of the vear (July and
fuzust) in Jorlan Valley area. Inseed we recoriend that
careful an:d! thorcugh soil preparaticn be jperfer=ed at

:
least by the ond of June, that tarps He erlaced inme-
diately thereafter , and left in place until wlanting

tine. The lounger the period of tarving and the clozer

the s2il oisture level can be hael! o saturation, the

mere comrlote is rrepagule reuction, esnecially ot

lower dopths .
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Tarping whole rlastic houses with the Jrip systam

yrovi.vsly installel un'or the tarp: s ~voidance £ DlQWing
after tarping minicizes both latoeral and vertical soil dis-
turbance. ilse continuad com:lete tarring minisizes the
arount of ring Sloin incecului introduced from surroun ling
arcas into the area to be —lante. Irrigation shouls Le by
trichle vr Jrir syvstes tu avoid il er:sion vhich may raesult
from surface irrisaticn otholse. Crreful Jisking if ferwaitlo,
rezults in a sooothy even surfacs for the lanting DHed, across
which the tor cam e pulle:d snugly ziving closc contoet rith
the s5il surfoco. if the entire aren -rithin a ;lastic house
is tarve? no mere water should be needed to meintein desired
55i1 water contont than thot require? for saturating one
seter wplanting strips and net covering ther intervening path-
vioyse Jith this jrogram to minimize provagule survival obvi-
cusly every effort should be made to nut reintroduce ino-
culum at planting tine. Transplanting o henlthy seedlings

or better yot direct secding with seed cated wvith fungicides

is recommentec. If seedlings are to be transplanted into

un’cr as storile conditions ns ossible .

If some weo.s have developed, the use of a contact her-
hicide hefere »lack smlcehing ond planting and of other selec-
tive herbicices after planting should be oonsidered.Temnera=-

tures resulting froa tarping are lethal to most weed geadse.

v
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4t planting time we rocurtiesnd ruloval of the cionr wils'e

Rl o 5

plastic an use +f Llock oulch stripg fur planiting.  The

plaoele malch has scrved advantazoes:

'

1. it centinues to rovide wea!' control,
2a congnrvoes watoer
3e resuits in sazllovy root gysters, i.0 in roost systoems

Leding concentratol where the oilar chery treastwment is —os

.

effeective in relucing incenlus of nath: -ons.

.

*

4t pregent toirdding as rerforied in the experinments is

congidere! effective Tor only ne scason. as with fumigcation

-

with mothyl Lroemile, it wust Lo rereated avery sumser to

paintain nininagl levelg of vathogen 2rooasule

0]

*

Hewever 1f tar.ing covers the cormlate areca within a

nlestie housae, an’ preczutions arce talken against reointroduc-
i L} x

L}

tion of soilsboerne pathozons, tarving loss froeguently than

(]

every year sight boe fecasible.

t

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



84

VII. Literature cited:

1.

2,

Se

Te

Adams, P. B. 1971. Effect of soil temperature and

soil amendments on Thielaviopsis root rot of sesame.

Phytopathology 61: 93-97.

' Ausher, R., J. Katan, and S. Ovadia. 1975. An im-

proved selective medium for the isolation of

Verticillium dahliae. Phytoparasitica 3: 133-137.

' Baker, K. F. 1947, Seed transmission of Rhizoctonia

solani in relation to control of scedling damping-

off. Phytopathology 37! 912-924,

Baker, K. F. 1962, Principles of heat treatment of
soil and planting material. J. Aust., Inst. Agric.
Secii 28: 118-126,

Baker, {. F. 1970. Root diseases and soil-borne
pathogens, Univ. Calif. Press. Barkeley and Los
Angeles. é52 pp.,.illus..

Baker, K. F. and R. J. Cook. 1974. Biological
Control of Plant Pafhogens;. v, H. Freeman, San

Francisco. 433 pp, illus.

" Bollen, Ge J. 1974, Fungal recolonization of heat-

treated glasshouse soils. Agro-Ecosystems 1:139-155.

' Boosalis, M. G., and A. L. Scharen. 1959. Methods

for microscopic detection of Aphanomyvces euteiches

and Rhizoctonia solani and for isolation of Rhizoc-

tonia sclani associated with plant debris.Phyto-

pathology 47: 192-198.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



9.

10.

11,

12.

13.

14,

15,

85

Booth, G. 1977. Fusariun, Laboratory Guide to the
Identification of the Major Species. Commenw.Mycol,
Inst. Kewy Survey. 58 pp., illus.

Brighton; C, A 1972.Degradation and disposability

of plastics In:( Somos, A:y K. Gyorgy, et al. Ed.).
Plastics in Agriculture. 5th. Ihternate. Colloquium,
Infor; Cen. Min., Agr. & Food; Hudapest. Vol, I, 590 pp.;
illuss (see pp 205<208),

Broadbent, P., K. F, Bakery and Y. Waterworth. 1971.
Bacteria and actinomycetes antagonistic to fungal root
pathogens in Australian soils. Aust; J. Biol, Sci. 24:
925-944,

Burges, A. 1958, Micro-organisms in the Soil. Hutchinson
and Co,, Ltd. London. 188 pp., -illus.

Burr, T. Js, and M. E. Stanghellini. 1973. Propagule

nature and density of Pythium aphanidermatum in field

soil. Phytopathology 63: 1499-1501.

. Dawson, J. R.,. and R. A, Johnson. 1965, Influence of

steam/air mixtures, when used for heating soil,fon
biological and chemical properties:that affect seedling
growth. Ann, Appl. Biol. 56: 243-251,

Domschy K. H., and N. Gams. 1972, Fungi in Agricultural
Soils. John Wiley and Sons Inc., . New York. 290 pp.,

illus.(Translated from german by P. S. Hudson).

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



16.

17

18.

19.

20,

21.

22

86

Garnaud, C. J. 1971. Intensive plant production

in medeteraniam area by plant protection. F. A,

0. Ronies 171 ppe (In Arabic).

Garrett, S. D. 1970, Pathogenic root infecting fungi.
Cambridge University Press. London. 294 Pp.

Grinstein, 4., D. orion, A. Greenberger, and J.

Katan. 1973. Solar heating of the soil for the control

of Verticillium dahliae and Pratylenchus thornei ih

potatoes. Proc, 3rd, Int. Congr, Pl. Path. (Abst.)
Munchen, Germany, Aug. 16-23 p. 373.

Harris, R. E. 1965. Polyethylene covers and mulches
for corn and bean production in northern regions .
Proc. Amer. Soc., Hort. Sc. 87: 288-294,

Hendrix, F. F., and G. £. Kuhlman. 1962. A selective

medium for the isolation of Fomes annosus. Phytopathology

52: 1310-1312,

Hilborn, M. T., P. R. Hepler, and G. F. Cooper.1957.
Zffect of polyethylene mulch on soil-borne prathogens
of lettuce. Phytopathology 47: 245,

Hildebrard, E. H. 1969, Russet crack-A menace to the
sweet potato industry III. Role of fungi in the root

lesion phase of russet crack. Pl. Dis, Reptr. 53:103-107.

Jordan - Center of Thesis Deposit



25

26,

27

28,

87

Hussey, R. S., and R. W. Roncadori. 1977. Vertical
distribution of soil microorganisms following sub-
s0iling in a cotton management system. Phytopathology
67: 783-786,

Isaac, I., P. Fletcher, and J. A. C. Harrison. 1971.

Quantitative isolation of Verticillium spp. from soil

and moribund potato haulm. Ann. Appl. Biol, 67: 177~
183,

Jenkins, 7. R., and D. P. Taylor. 1967. Plant Nemat-
ology. Reinhold Publ. Corp. NewsYork. 270 pp, illus.
Johnson, L. F. 1957. Effect of antibiotics on the
number of bacteria and fungi isolated from soil by
the dilution plate method. Phytopathology 47:630-631.
Katan., Jy A, Greenberger, H. Alon, and A. Grinstein,
1976. Solar beating by polyethylene riulching for the
control of diseases caused by soil-borne pathogens.,
Phytopathology 66: 683-688,

Kempton, R. J, and G. A. Maw. 1973. Soil fumigation
with methyl bromide, the upﬂkake and distribution of

inorganic bromide in tomato rlants. Ann. App]) -

Biology. 74: 91 - 98 ,

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



29.

30.

31.

32,

33.

3k.

88

Kempton, R. J., and G. A. Maw. 1974, Soil fumiga-
tion with methyl bromidé: The phytotoxicity of
inorganic bromide to carnation plants. Ann, Appl.
Biol. 76: 217-229,

Kerr; A. 1963. The root-rot .Fusariim wilt complex of
peas. Aust, Jo. Biol. Scis 16: 55-69;

Knavel, D. E4 1966. Comparison of black plastic,
clear plastic; and aluminum foil mulches for vegetable
crop production, Proc. Assoc. South. Agr. Work.
63:‘218 .

Knavel, D. 2., and H. C. Mohr. 1967. Distribution

of roots of four different vegetables under paper

and polyethylene mulches. Proc. Amer, Soc., Hort.

Sci. 91: 589-597,

Mitchell, D. J., and L. N. Shaw. 1975. Eradication

of plant pathogenic fungi in soil and nursery potting
mixtures with a rmobile continuous pasteurizer, Plant
and 3il 42: 591 - 60O .

Nash, S. M., T. Christou, and W. G. Snyder . 1961.

Existence of Fusarium solani f. phaseoli as chlomydo-

spores in soil. Phytopathology 51: 308-312,

of Jordan - Center of Thesis Deposit




35.

37

40,

Li,'

oy

Hash, 5. [{a, ol 7o Co Snyler. 1352, aantitative

Tuleg of tha hean

[

eotimations Ly »late ccocunts of rioa
roct rot Fuscriuws in field scils. ihytopathology 52

56? - 572 »

Helsong Ve 2.4 znd 5. Jilheliy, 135S%. Ther:ial Ceath

range of Vorticillium albho-atrwm. ~hytopathalogy 48

613 -~ 616 ,
Olsen, C. 1%, nnd X. F. Baker. 1903. 3clective hoat

treatoent of soil, and its offcet un the inhibhition of

Rhizcctonia solani by Bacillus subtilis. | hyt s atholosy

58 : 75 - 27 .

i oavizmas, Ge Coy e D dulnag, ot 2l. 1975. Jeslogy and

zpidemivlegy of fhigocisnia gs:lani in fiold soil .

Thytupathology 65 @ 871 - 377 .

g
sapavizas, Ge ey an! €. L. Javeye 1959, Tvaluation of
various mclia an’ antimiercbial agents for isclation of
scil fungie, Scile Sci, 84 @ 112 - 117 .
- C e a

l'deczerkhay 5 Jeoy and G. 5. oDawie 1978, Affect un in-

T

tercetion beotween Fusarium , Pythiuwa, an?! Rhizoctonia

on scverity ¢f Lozn reot rot, Jhytopothology 53:403-408,
‘ullzan, GeDe, ot ale 197834 Contr.1l of suil-borne fungol
wathogens LYy Tlagtic tarping ¢f scile i'roce. 3r . Int.

C.ngr, 3le Jath. (Lbst.) munchen, Gerioany. duz. 15-23,

Vo 373 &

f University of Jordan - Center of Thesis Deposit



ba,

43,

L,

45,

46,

47.

48.

90

Pusztai, A. 1972. Effect of mulching on soil and
plant.In:(Somos, A., K. Gyorgy, et al., Ed.) Plastics

in Agriculture,5th. Internate. Colloquium. Infor.Cen.
Min. Agr. & Food. Budapest. Vol 1., 590 pp., illus,

(see pp. 5384=-590).

Qasem. S. A. 1968, Vegetable disease in Jordan.Laborers
Printing Cooperative. Amman, 122 pp.(In Arabic).
Schales, Fi D., and Ri Sheldrake. 1966; Mulch effects
on s0oil conditions and ruskmelon response. Proc. Amer.
Soc. Hort. Scie« 88: 425-430.

Stover; R. H;, NH. €. Thornton and V. C. Dunlap. 1952,
Changes in the s0il flora of banana lands flood fallowed

for the eradication of Fusarium oxysporum subense ,

Phytopathology 42: 476 .

Summer, D. R. 1974, Bcololgy and control of seedling
diseases of crucifers. Phytopathology 64: (692-698,
Takahashi, 1{., and Y. Kawase. 1964. Ecological and
taxonomic studies on Pythium as pathogenic soil fungi.
I. Vertical distribution of several pathogenic fungi
in soil. Ann, Phytopath. Soc. Japan. 29: 155-161.
Waggoner, P. E., P. M. Miller, and H. C. DeRoo, 1960.
Plastic mulching principles and benefits. Conn. agr.

Exp. Sta. Bull. No 634, 44 pp., illus.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



4a,

&l

Yoomny Je Tay anl’ L. 3. Zes 1775. The cffect of polys-

thylense £il~ aulehes on s01il temnoerature and prowsth

and viel? of rod renner. J. Uorcan. 3uci. ilzrt. Sci.

—AlRights Reserved - Library of University of Jordan - Center of Thesis Deposit




92

Appendix Table 1.{(A). ZEffect of tarping on population of common
soil infesting pathogens. 1)

~opulation at different soil depths.

Rhizoctonin

Type of Duration Fusarium solani F.oxysporum =
plastic of . solani
tarping - 2) 2) 2)
(wks) 0-5 5-10  10-20 0~5 5-19 10-20 0~5 5-10 10-20

Clear 5 0 719 1466 &) 0 8 -0 0 38

2336 4232 3576 700 395 20&% 184 320 190

4 0 565 943 C 0. C 0 0 33

2245 L41éa 3496 302 464 250 131 238 224

g 0 2388 709 0 0 8 0 0 20

1866 2062 3379 556 495 304 200 %00 160

o) 290 zo% 0 0 0 0 0 12

' 8 2209 3223 351 361 664 237 131 23G 200

014 5 54 4og 1779 0 0 0 0 0 37

1816 4162 3558 416 604 237 289 761 171

4 9] 173 808 0 ¢] 0 0 0 24

2209 2166 3516 361 60L&k 237 3200 301 120

6 0 131 638 0 0 0 0 0 31

2265 1375 2502 400 309 270 29¢ K09 3210

g 0 103 613 0 0 0 0 G 6

7 _ 1990 2052 3611 1368 395 20h 135 134 150

Yellow 5 457 1331 1947 0 21 426 0O 318 186

2266 162 335¢ 416 352 561 160 350 190

4 294 375 1654 0 18 218 ¢) 4os 200

22606 1975 2302 356 313 304 271 B50 209

6 (0] 702 2058 0 0 358 0 214 212

2213 14683 3742 302 L6k 505 131 238 224

3 0 649 1573 0 0 392 0 211 189

2298 43132 3496 435 352 561 131 238 190
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continued to Appendix Table 1.

(A)

-
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"Black

o 1670 3830 2883 145 235 1383 123 228 217
2209 5177 3516 428 604 505 131 238 224

4 1456 3840 2763 6 18 174 121 225 215
2157 587 3788 302 464 300 131 233 224

6 1535 13910 2321 0 8 150 246 437 274
1316 5837 3h1: 340 271 289 271 4061 289

8 909 2341 1817 © 9 222 117 31k 210
2218 653 3496 302 6Lk 505 131 336 22k

No cover o 220C 45612 3440 353 597 501 129 238 224
2200 46063 3495 361 A0O4 505 131 239 224

b 1775 2C18 3314 462 3838 202 198 300 170
1799 2362 3379 %71 395 20% 200 300 170

6 2043 562 3409 427 117 109 188 380 130
2159 5179 3479 %35 120 110 190 330 130

3 2232 4082 3558 413 604k 237 169 461 189
2276 4162 3558 L16 GOk 237 171 161 189

1)

2)

Soil samples assessed by direct plating .

All figures are the averages of three replications . The

numerator is the number of propagules / gm oven dried soil
found at the end of the tarzing perioed,

the initial density of indicated propagules/gm of oven dry

soil prior to treatment ..

the denominator is
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Appendix Table.. 2., Air temperatures in the Jordan Valley

(Deir Alla) for the period 1975 - 1978,

TOSIT

Year Month laximal Minimal Itonthly No,of days lonthly
{avg) {avg) (avg) > 40°C (max)
(max)
1975 . '
June 3640 21:5 28.8 0 39.8
July 38i5 2335 31.0 5 k1,5
August 3743 23.9 3046 1 4o.7
September 36.1 22,8 29.5 2 b1.4
1976 |
June 36.5 21.0 28.8 2 41.4
July 37.4 23.4 30.4 1 40.4
August 379 23.2 30.1 0 39.5
September 35.7 22.9 29.1 0 39.5
1977
June 5743 21.8 29.6 5 43,3
July 39.2 24,3 31.8 10 bh,5
August 39.7 24,9 32,3 11 46.0
September 36,0 23,2 29.6 1 4o,2
1978
June 371 21,2 29,2 7 42,5
July 40.5 25.0 0.7 20 47
August 37.4 23.3 30.3 3 4o, 4
September  35.6 22.5 29.1 2 k1,6
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Appendix Table 3, saverage number of sunshine hours

of June threcugh September

1$77 - 1978 . Deir Alla
June July August September
Ye ar :
1-10 . 11-20 21-30 1-1& 11-20 21-3111-10 11-20 21-311 1 - 10 11-20 21-3C
19 77 11.5 F42.2 12.7 12.5 12.4 12.6 12.3 11. 4 11.5 10.6 G«3 10.0
1978 11.7 13.0 12.7 12.9 12.6 12,4 L1224 11.9 11.8 11.3 10.8 9.6
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