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Abstract

Chauhan, Y.S., Nene, Y. Johansen, ¢, Haware, M.P., Sx-
ena, NP Sardar Singh, Sharma, 8B, Sabrowat, K. 1., Bur-
ford. J.R.. Rupela, O.P. Kunmr Rao, JV.DK.. and
Sithanantham, S. 198, Effects of Soi} Solarization on Pigeon-
pea and Chickpes. Rescarch Bulletin o, 1. Patanchern, AP,
502 324, India: International Crops Research Institute for the
Semi-Arid Tropics.

The experience gained with ticld tests on the effects of soil
solarizution on pigeonpea TCaianis cajan (1) Millsp.) and
chickpea (Creer arietimun L. erops throtigh a raultidiseipinary
tear effo L at IORISAT Centerdurin 2 1984 87, is hightighted,
The studies were conducted in fields infested with fusarium wilt,
Solarization wus done by covering the soil with transparent
polythene sheeting (100 g thick b oré 8 weeks during summer
(Aprit Mavy This increased sorl temperatures by o 10 Cin the
0 20-em soil profile. Other changes recorded were increisea
mineralization of soll nitrogen to aitrate, a decline in popuia-
tions of fusarium propazdes and plant parasitic nomatodes,
and decreased weed intestaion. When the crops vere growa,
effective control of fusoaum wilt disease i th- suseentible
genowypes of pigeonpes and chickpea was observed along with
improved plant growth and vield. Nodulation and N-tixation
were adversely atfected becinse of she decline in Rhizobim
population with solarization. Howeser, plant growth and vield
were notadversely atfected probably because of the comipensa-
tory effect of increased suil nitrate, Even in wilt-resistunt Leno-
types of both cropr. particularly ot pigeonpea. there was o
significant increase i vield indicating beneticial effects of solur-
ization other than discase control. There was & considerable
residual eftect of solarization in the second and third seasons nn
yvield of chickpea. put not ot pigeonpea. Different techniques
and methods employed inapplving solarization ond in assessing
its impact are deseribed. The implications of utilizing solarizi-
tion for these and ather crops are discussed.

Résumé

Chauhan, Y5, Nene, Yeis, Johansen, C., Haware, M P, Saxena,
NP Sardar Singh, Sharma, S8 Sahrawat, K1, Burtord, J.R.,
Rupela, O.P.. Kumar Rao, VDK, et Sithanantham, S J984.
Effets de lasalarisation du sol sur le pois d*Apgole et le pois
chiche, Bulletin de recherche 05 1L Pataneheru, A REARREY
Inde  Internanional Crops Rescareh Tnstitute for the Semi-Arid
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Les faits sanlfants de Fexpérience acquise dans les exse s en champs
sur les effets de Lo solarsadon du sol sur le pois d' Angole (Cajanus
cajan (L. Millspoy et le pois chicl - (Cieer artettnm 1..) au Centre
TCRISATY an cours des anndes TOR 87 <ot présentés. Ces essians
ont étécomdurts par une équipe muldis, iplinaire dans les champs
infestés par fa fusarose. La solanisation a sté effectuée enre ey
rant le <ol dun filmc de polvérhyvlene trmsperent (10Ognn ' épais-
seur) pemdant 68 sematnes en ¢ Gl cman) . Cette e huique a
cleve L température de 0-10°C dans le profil 0:20 em du sol.
Daatres résultats ont eté laminéralisstior acerue de azote du sol
au nitrate amst quinne baisse des propagules de Fusariam, des
nématodes o1 des mauvaises nerbes. e maitrise efficace de la
Tusariose chiez los génotypes sensibles de pois d* Angole of de pois
chiche ainsdquiune amélioration de la croissance of du remdement
des caltures ont été signalées. La nodulation et Is fixation de
Fazote ont été affectées a cause de la réduction de 1 population Je
Rinzobium avee la solarisation, Cependant, il 0'v apas eu d'inei
dence nigative sur laeroissance et le rendement., peut-dtre price d
Fetiet dunitrate dleveé du sol. Méme chez les genotypes résistants i
Li tusariose des aeax cultures, en particubier de pois " Angole,ily
deuune angmentation significative du rendement, ce qui indique
aes effens posttifs de la solarisation. différents de ceny responsas
dles pour la maitrise des maladies. La solarisation a eu ur effot
rési el sensible dans les deuxieme e troisieme campagnes sur le
rendement du pois ehiche mais non pas sur sur celui du pois
TAngole. Diverses techniques utilisées dans Fapplication de la
sodarisation et dan Pévaluation de son effet sont décrites, La
portée de Pemploi de la solarisation pour ces légumineuses et

dautres cultures est discutée.

Cover: /n the foregroind is a pigeonpea crop grown on inonsolarized soil and in the background the one benefiting from residual
effects of solarizaiion; and (within sun diagram) rransparent polythene sheeting being laid for solarization treatment of the field.



Effects of Soil Solarization
on Pigeonpea and Chickpea

Y.S. Chauhan, Y.L. Nene, C. Johansen, M.P. Haware,
N.P. Saxena, Sardar Singh, S.B. Sharma, K.L. Sahrawat,
J.R. Burford, O.P. Rupela, J.V.D.K. Kumar Rao,
and S. Sithanantham

p
¢

°
ICRISAT
Research Bulletin no. 11
International Crops Research Institute for the Semi-Arid Tropics

Patancheru, Andhra Pradesh 502 324, India
1988

(v



About the Authors

Y.S. Chavhan: Agronomist (Physiology), Legumes Program, 1CRISAT.

Y.l.. Nene: Program Director, Legumes, [CRISAT.

C. Johansen: Principal Agronomist, Legumes Program, ITRISA L

M.P Haware Plant Pathologist, Legumes Program, ITCRISAT.

NP Saxena Agronomist (Physiology), Legumes Progriom, TCRISAT.

Sardar Singh: Sotl Scientist, Fesource Management Program, TCRISAT,

S.B Sharma: Plant Nematologist, Tegumes Progiam, JTCRISAT.

K.L. Sahrawar Yol Scientist, Resoutee Management Program, ICRISAT.

LR Burtord: Principal Soil Chenust, Resource Management Program, ICRISAT.
G Rupela: Agronomist (Microbology), Legumes Program, ICRISAT.

TV DR Kamar Raor Agronomist (Microbiotogy), Legumes Program, [CRISAT.

S. Sithanannam Previously Entomologist, Tegames Program, ICRISAT. Presently Grain Legumie Entomologist, Grain Legume Research

Feam. Box ST0089. Chipata, Zambia.

The International Crops Research Tnstitute for the Semi-Arid Tropics is a nonprofit, scientific, rescarch and training institute receiving supnort from
donors through the Consuftative Group on huternational Agricultural Rescarch, Donors to lCRISAT include governments and agencies of Australia,
Belgium, Canade Federal Republic of Germany, Finland, France, India, ltaly, Japan, Netherlands, Norway, Sweden, Switzerland, United Kingdom.
United States of Amenca, and the following international and private organizations: Asian Developnient Bank, Deutsche Gesellschalt fiir Techpis e
Zusammenarbeit (G, International Development Rescarch Centre. tnternational Fund for Agricultural Development, The European Economic
Community, The Opee Fund tor International Development, The World Bank, and United Nations Development Programme. Information and
conclusions in this prblication do not necessarily reflect the position of the aforementioned governments, agencies, and international and private
organizations.

ISBN 92-9066-167-4

Citation: Chauhan, Y.S., Nene, Y.L, Johansen, C.. Haware, M P. Saxena, N.P., Sardar Singh, Sharma, S.B., Sahrawat, K 1., Burford. I.R., Rupela,
O.P., Kumar Ruo, 1V.D.K and Sithanantham, S. 1988, Effects of soil solarization on pigeonpea and chickpea. Research Bulletin no. 11, Paiancheru,
AP, 502 324, India: International Crops Research Institute for the Semi-Arid Tropics,



Contents

Introduction

Materials and Methods

Results

Discuss:on

Implications

References

Appendix: Hints on Application of Solarization

13
14
14
15



Introduction

Soil solarization is a method of heating soil by covering it with
transparent polvthene sheeting during hot periods to controt
soilborne diseases. The effects, advantages, and limitations of
this technigue have been recently reviewed by Katan (1981 and
Horiachi (1984). The technigue has been commercially exploited
for growing high-value crops in discased soils in environments
with a hot summer tmaximum daly air temperatures repalarly
exceeding 35 € Examples inclade control of verticilliun and
tusartum discases in vegetable crops in Israel and control ol
Vertcdhunt datiiiae i pisiachio orchards in Calitornia, USA
(KNatan 1951, 1984),

Although the major benetit of solarization is reduction ot
soilborne pathogens by soil-heating eficcts, there are nLny
other possible addimonal beneticial etfects that can result i an
ieased growth response (1GR) of piants Such additional
ctieats metnde control of weeds and insect pests and release of
plant nutrients (Katan 1981 Hortuchi 1984

It his been pointed out (1. Katan, Plant Pathology, Hebrew
University . Jerusalen, Baael, persoral communication, 19835)
that Larmers ot the Decean pliteau in India hae long exploted
a torm ool solar heating of sorls by plowing the soil so s (o
eApose subsorl prior to the hot summer period tAprtl June),
when maximum daily wr temperatures usually exceed 10
and eaving it fallow . We were mterested 1o determine whether
this solut-heating process i this region conld be enhaneed by
mulehing with polvthene sheeting, particutarly tog controthng
the fusanm wilts of prgconpea « Cagantns capanil ) Millspand
chickper CCrcer ariennumi 10, which are major hmtations 1o
growth ot these crops in the indin subeontinent,

We realized that widespread use ot sorisolanzation ephaneed
by plastic mulching for such extensively grown, fow SIPUCCTops
was not phely Gy be cconomical. However, the echmgue could
he ol potential use on rescitreh sttions, where i s HECEssary to
repeatedhy grow chickpeiand pigeonpea on the same Lend, and
forcomuzerctl seed production. where it s necessary to minim-
12¢ seed transiassion of soilborne pathogens, Further, the expe-
rrienee described heremn nxy be usetul tor researchers working
oncrops with hgkvalue perunit land area, which are grown in
pemnsulae India and similar environments in South Asia,

A multidiseiplitary team of scientists at TCRISAT Center
examined vianouos effects of solarization on preconper angd
chickpea. Fxperiments were condueted over consecutive vears
to determine repeatabiliny ot the resalts, In this bulleting we

summarize methodologies employed and the results obtained in
these studies. Suggestions have been made for the future use of
sularization in comparable semi-arid tropical environments.

Materials and Methods

Experimental site

Experiments with pigeonpea and chickpe. vere conducted on
fusarium-wilt-sick fields at ICRISAT Centsr (17°N 789 F, 545
m clevation) during the 1984 85, 1985 8¢ and 1986 87 sca-
sotiss Allexperiments were done on Ve, usol (Typic Pellusterts)
fiekds (BIE 2B, BHL 2C, and BMYA), apartfromoncin 1986 87
with pigeanpea onan Alfisol (Uidic Rhodustalts) field (RM s ).
On cuch tield, except BM YA cotl inocula of Fresarim wudum
tor preconpea. and I2oxvsporum Cap cicerd for chickpea, had
been previousty enbanced by intensive and repeated IMCOrpori-
ton of wilt-intected plant mterial to create uniformiy wilt-sich
plots to sereen for resistance. Field BA9A had hecome wilt sick
due to tepeated growing of chickpea cropy with wilt-susceptible
LCTTOT pos,

Chemical churacteristios of the soil of each field at the begin-
ming of the experiment are given m FTable 1. No fertilizer was
apphed i any tield, except 40 kg ha ' of zine sulfate to BIL 2¢
m 1985 860 The fields were cultivated and prepared into 1.5
m-wide broadbeds and furrows.

Experimental layout

In 1984 85 split-plot experiments were conducterd for pigeon-
pea m field BIL 2B and chickpea in ficld BIH. 2C. Main plots
comprised those with presence and absenee of irrigation prior
o solarization and subplots were a factorial combination ~ a
wilt-suseeptible: genotype (pigeonpea 1LRG 30, chickpea
ICCV Ty and a wilt-resistant genotype (pigeonpea  1CP 8863,
chickpea JG 74y withand witheut solarization. There WETC SIX
replications.

In 1985 8a. the above experimeni was repeated (subse-
quently referred 1o as “repeat study™) for pigeonpea on an
adjacent wilt-sick arca in BIL 2B, but there were only four
replications. In 1986 K7, solarization experiments were also

Table 1. Chemical characteristics of soils of solarization experiments on chickpea and pigeonpes at the beginning of experimenta-
tion, [CRISAT Center, 1984/85 (BIL. 2B, BIL. 2C) and 1986/87 (BM 9, RM L),

BH. 2B Vertisol

Chemical (0-45 ¢m) Pgconpea
£ I

BIL. 2C Vertisol
(3-45 ¢m) Chickpea

bM 9AVertisol
(0-60 ¢m) Chickpea

RM 8E Alfisol
(0-45 ¢cm) Pigeonpea

characteristic (n 72} (n=72) = 32) (n = 48)
pH 8.4 8.3 8.¢ 8.3
Eleetrical conductivity (dSm-1) 0.18 0.20 0.54 U2l
Available P (mg kg 1) 29 39 7.4 27.3
NH N (mg kg't) 379 12.01 1.2 7.1
NO-N (mg kg1 12.8 7.0 42.0 8.2




condu:-ted in RM BE for pigeonpea and in BM9A for chickpea.
There were four replications of the factorial combination of
wilt-resistant and wilt-susceptible genotvpes with and without
¢ciarization. These experiments were faid outina Latin Square
and irrigated prior o solarization.

The 1984 KS cxperiments were continued m 198RS K6 by di-
viding them into three blocks cach and imposing solarization
treatments on cach of the Ist year's subplot rreatments. In
1986 87, the rngation teatments were discontinoed and only
plots that had been sotarzed meach of the previous two seasons
were sokarized again to provide a controlfor measuring residual
ettects of solanzation given i erther 1984 or 1985 Thus, in ths
season, there were siv replcations

Plotsize cor subplot size torsphit-plotarrangementy ineaper-
mments m B 2B and BH 2C was 66y -
S at the other sites A 3 m-wade butter zone was

6 m (tour broad beds)
and 6m -
maintamced between plois. Clear polvthene sheeting ol 400

pauge (4 emooand 100 goethick ) and 6-nmwide was kad onthe

N

appropiiate plots 28 davs atter vneation of the niin plots
(hig o 1 Sod was placed around the edges of cach pohvhiene
sheet 1o secure it

Detinls of duration ot solanizaton teatments. sowing and
harvest dates, ngation applied durning the cropping scason,
ramtalls sunshine howrs, and totad radition are given i Table 2.

Interrow spacing was T8 em tor mpeonpea and 30 em for
chickpeas Within-row spaairg tor pigeonpea was 30 em in
1984 NS and 15 emthereatter, Tt was 10 emtor chickpea in cach

season

Soil moisture

Sotl-monture content was measuned gravimetrically in 05,
SIS01S 25.and 25 J0 em depths botore and after solarization
in the tields BUE 2B and BIL 2C during 1984 85 and 1985 86,

Bt B> i B I

Vo SN . o e

Figu-e 1. Layout of polytherie-covered plots in a solarization
experiment.

Presolarization sampling was done 24 b after irrigation fol-
lowed by the postsolarization sampling soon after removing the
polyvthene sheeting.

Soil temperature

Soil temperatures (“C) were monitored in two replications in
BIL 2B in 1981 85 and 1985 86 using copper-constantan ther-
mocouples buried at 5, 1), 20 em depths, Temperature measure-
ments were made at 0300, 0600, 0900, 1200, 1500, 1800, and
2400, which were automatically logged into a Campbell Scien-

Table 2. Dates of solarization treatments, sowing and harvest, and irrigation application in solurization experiments; sunshine
hours, solar radintion, und rainfall during the crop growth period, ICRISAT Center, 1984-87.

BH 2B, Pigeonpea

Operation factor 19K 85 1985 £6
Solarization beeun 1Y Ape 20 A 16 Apr
Solarization ternmnated 4 Jun 6 Jun 2 Jun
Sowing date 25 Jun 25 Jun 25 Jun
Harvest ume 21 Jan- 3 Dee- 12 Jaa
6 beb RRIET)

Irrigation applicd!

Before solunization 12 Apr 24 Apr 12 Apr
During crop growth I Jun - -
Cumulative sunshine (h) S10 369 465
Total solar radittion

(MJ m S dav ) 1180 914 1081
Ramtall (mm) SH RER 475

1Yso 87

. bol 9A RM BE
' N -l .
- m,l' 2C. Chickpea Chickpea Pigeonpes

[US4 88 1985 86 1986 87 1986 87 1986 87
17 Apt 22 Apr 16 Apr 22 Apr 21 Apr
4 Jun 6 Jun 2 Jun 4 Jun 4 Jun
2 Now 17 Oct 14 Ot 15 Oct 25 Jun
IS teb 4-10 Feb Il Feb 9 Feb 12 Jan
16 Apr 19 Apr 1 Apr 15 Apr 17 Apr
I Nov - 16 Oct 16 Oct 11 Jul
12 Nov 5 Sep
17 Dec 15 Oct
4 Nov
470 400 468 417 422
1090 999 1081 989 1008
89 154 48 18 475

Lo About SO mm nngation was applied cach tme.
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tific’s CR 5 data-logging device. Air temperatures at 50-cm
height from the soil surface hours were simultaneously logged.

Chemical analysis

Soil samples were collected from each experimental plot before
and after solarzation. Composite samples of four cores per plot
were trken at soil depthy of 0-15 em, 1530 em, and 3045 em,
The so samples were air-dried and passed through a 2-mm
seive belore analvaas, Soil pH oand electieal comductivity (FC)
were meastred i sorl suspension using iosoil 1o water ratio of
L Avidable Powas measured atter exoection with 0.5 A
NaHCO  as deseribed by Olsen and Dean (1965). Ammonium-
Noand mitrate-N were messtred 2N KCLentriaets by steam
distillation with MO and Devarda's alloy (Bremner 1965),

Weed growth

Plots were hund weeded prior to sowing and whenever weeds
erew b enough to compete with pigeonpea. Weeds remos ed
from the prgconpea expenments in B 2B in 1984 K5 and
T9S5 86 were adennied and therr dey mass recorded. Weeds
were allowed to vrow or the chiwckpea plots atter the solariza-
ton. but were biiled b paraquat spray (o 1L ad ha Y
applicd pror o sewine During chichpea growth, plots were

cleared of weeds by hand weedimg

Soil insects and other arthropods

Fmergence cages cbS0-cm fong « SO-cmwide = 15-0m high)were
mstabied o the pigeonpea genotvpe 1RG0 plots i BIL 2B
soonatter solaization was completed 1o trap soib-dwelling
msectsosueh as the pageonpea nodule th, Riveila angndata, In
the TONS N6 eason. the emergence of the adults o these ciages
was montored frome L3 Tune antd carly Auguost. Soil simples to
adepth o IS enpwere then at tive places in each plotto see it
amysordahabimg arthropod i, such as ermites and ants,
were mthuenced by the solarization treatine nt during 1985 86,
Phe pooled sorl trony cacn plot (400 300 21wy keptima Berlese
Eatraction Apparatus tor 3 davs (o extract any lnving arthro-
pods. The sampling convmenced on 10 Tune and wis repeated at
weeklyntervals unnd 3 Juh

Nematodes

Toassess nematode populations, six soil cores 1o 20 em depth
were bulked Tor cach plor Populations were detenmined in 200
mlaliquots s the Cobb decanting and sieving technique
(Cubb 1918y tollowed by the modiied Bacrnmann Funnel tech-
nique {Schindler oy Hereradera cagan: easts in preconpea
plots were colleeted onan 8u-mesh (pore size = 180 an) sicve. In
chickpea plots nematode populitions were assessed betore and
after solnzaton, just before chickpea sowing and at crop
Maturity,

Fusarium

Soil samples were coliected to estimate the number of Fuesarium
propagules before and after solarization and at maturity of the
crops. In chickpea, soil samples were also collected at the time
of sowing in October. From cach plot, five cores of soil to a
depth of 15 em were sampled and the cores bulked and air-
dricd. Alter grinding and sieving, 10-z subsamples of soil were
used o estimate Fusarium propagule numbers.

Selective media were used to estimate Fusarium populations
in the soil. The populations of Fusarium oxvsporum f.5p ciceri
were estimated on modified Czapek-Dox apar, which con-
tined, inaddition to normal ingredicnts, 500 my pentachloro-
nitrobenzene, 25 mg malachite green, 750 my Dicrysticin-S, and
2 g veast extract per Loof medium (Singh and Chaube 1970).
Populations of 7 wdunr (pigeanpea wilt pathogen) were esd-
mited on Nashand Snvder's (1962ymedium. 1he basal medium
was adjusted to pH 5, autockned. and then 750 mg ol
Dicrysticin-S added to the medium. The medium was dried in
netrt dishes for 3 days betore use.

Sail samples of 100 mg were evenly spread on the surface of
the medium in sterilized petrt plates, For cach sample, there
were three plates. Petri plates were incubated at 257 Clor § days,
and the number of Lasariim colonies counted and caleulated
per gram of sopl,

Plants m these experiments were monitored throughout the
growth period for disease symptoms caused by Fusaritm spp.

Rhizobium

To estimate pigeonpes and chickpea rhizobial populations,
compostte soil samples were collected fron, the top 15 cmof soil
in solarized and nonsolirized plots and most probable number
(MPXN) counts of chickpea and pigeonpea rhizobia determined
(Kumar Rao and Dart 1981 Toomsan et al. 1984). Nodule
number and mass were recorded from 5 6-week-old pigeonpea
and chickpea plants atter careful excavation of roots,

Plant growth and yield

Plant height o pigeonpea was regularly recorded. For both
crops the tollowing parameters were recorded: phenology,
plant stand, seed vield, total aboye-ground dry matter at matur-
ity pads plant . number ot seeds pod L and 100-seed mass. The
sampling arca tor seed vield and plant dry matter for each plot
at maturity was about 15 m-,

Results
Soil moisture
Trends in soil moisture measurements in the 1984 i85 and the

1985, 86 seasons were similar. Thus results foronly 1984, 85 are
presented.


http:rroililn.if
http:ttera.lt
http:itlall.iN

An irrigation of about 50 mm just before solarization
increased soil moisture content to near field capacity of Vertisol
(307, weight: weight). As water was uniformly applied, the
water-content profiles in the irrigated solarized and the irri-
gated nonsolarized treatments were identical in the beginning
(Fig. 2a). After placement of polvthene sheeting on the plots,
prolific condensation of moisture on the inner surface of the
polythene sheeting in the frrigated treatment helped the sheet-
ing to adhere to the soil surface. In the nonirrigated treatment,
condensation was lesser than the irrigation treatment, making
the sheeting more vulnerable to wind, leading to earing of the
sheeting, After the termination of solarization, the irrigated
solarized treatment had lost much moisture toa depth of 28 em
(Fig. 2b) through evaporation and resultant cendensation
ander the sheeting, Below o depth of about 25 em, the water-
content profile was similir to that betore solatization. In the
irngated nonsolanzed treatment, as there was no palvthene
sheeting to conserve moistire, moisture loss was such that the
water profile resembled the nonrrigated treatments at the end
of solanzation (g 2b). To reduce the differences in soil mois-
ture among plots prior to sewing of pigeonpeis. an trrigation
{ubout 50 mmy was piven at sowing in 1984 85, In the following
season, sowing was done after safticient rainfall had charged
the sotl protile with moisture,

Soil moisture content
(Cc. weighty weight)

0 7.5 151.(1 221.5 30.0
]

0 1
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Soil temperature

The maxtmum temperatures at vartous depths of soil were
reached daily at 1500 and hence temperatures measured at this
time only are given in Table 3. The plots covered with polvthene
sheeting had markedly higher maximum temperatures at all
depths at which temperature measurements were made. At S
cm. solarization inereased temperature by about 10°C. The
ricnge of temperature increases with solarization and was less in
the surface layers (5 em and 10 em) of irrigated plots as com-
pared to the nonirrigated plots. This was probably due to the
heat required by the water to evaporate, which was subse-
guently transierred to the polythene sheeting as indicated by the
condensation of water on the lower surface of sheeting, The
temperatures higher than 407 C and 45°C, which could be lethal
tor meeroorgamsms, were recorded for most of the duration of
solarization at S em and 10 cm depths. In the nonsolarized
treatment, such high-temperature davs were fewer,

Chemical properties of the soil

Solarization did not significantly atfect pH, EC, or available P
fevels. Soil NO-N concentration was increased, specially where

Soil moisture content
(U7, weight “weight)
0 7.5 15.0 225 30.0
0 | l . J

10+

20

Soi1l depth (ecm)

30

40

S+ 1+ &—

Figure 2. Soil moisture content before () and after (b)=olarization measured in field BIE. 2B in 1984/85. Presence (v yorabsence{ )

of solarization (S) or irrigation (1) treatments is indicated.



Table 3. Effects of solarization (S) and irrigation (I) treatments on maximum soil temperatures recorded at 1500 in BIL 2B.
Corresponding air temperatures recorded at 50 cm from bare soil surface are also given, ICRISAT Center, 1984/85.

Temperature (°C)

Number of days

Soil depth Mecan over

Treatment? (cm) Range solarization period >40 °C >45 °C
S+ 1+ 5 39.0-54.1 499 50 48
S- 1+ 5 34.7-44.6 40.5 30 0
S+ 1- 5 41.3-60.7 53.9 51 49
S- 1- 5 35.3-47.7 43.7 46 22
S+ 1+ 10 38.4-48.0 44.4 46 23
S- 1+ 10 328-38.5 358 0 0
S+ I- 19 39.6-51.0 46.6 50 39
S- 1- 10 34.2-40.2 37.6 3 0
S+ I+ 20 34.4-420 8.8 20 0
S- 1+ 20 23.0-34.3 323 0 0
S+ I- 20 34.5-42.3 38.3 7 0
S- 1- 20 30.5-34.1 324 0 0

Air 34.4-48.9 42.7 43 13

1. S+ = solarization; S- = No solarization; I+ = Irrigation; I- = No irrigation.

Table 4. Effect of soil solarization (S) and irrigation (1) treatments on nitrate and ammonium nitrogen content in soil (mg kg!) of
different depths of a Vertisol (BIL 2B and BIL 2(), ICRISAT Center, 1984/85,

NO-N NH,-N

0 15cem 15 30 em 30 45 ¢m 0 15 em [5-30 ¢m 3O 45 em

|-t I+ Mean - I+ Mcean I- I+ Mean  1- I+ Mecan I- I+ Mecan I- I+ Mean

Pigeonpea experiment (B 218)

S- 50 5.6 53 50 42 46 45 45 45 38 4.6 42 50 3.6 43 61 49 55
S+ 108 162 135 60 104 82 43 57 50 41 4.3 42 53 38 4.6 6.1 49 5.5
Mean 79 109 55 73 49 5.1 40 44 5.2 37 6.1 49
SE()? 1.54 1.15 0.79 0.46 0.51 0.74
SE(2) 1.68 1.22 (.87 0.68 0.45 0.38
SE(3) 2.27 1.68 118 0.82 0.69 0.84
SE4) 2.37 1.72 1.23 0.95 0.64 0.54

Chickpea experiment (BIL 2C)

S- 27 38 32 406 34 37 26 6.l 44 33 34 34 60 60 60 61 65 6.3

S+ 33 153 93 72 101 86 42 50 46 34 46 40 67 S0 58 53 50 52
Mcan 3.0 96 56 68 34 56 34 40 64 55 57 58

SEH 1.02 0.96 0.97 0.47 0.73 0.80

SE(2) 1.06 0.76 0.64 0.54 0.39 0.38

SE3) 1.47 1.22 .16 0.72 0.83 0.88

SE4) 1.50 1.07 0.90 0.76 0.56 0.54

I.'S- = Nosolarization; S+ = Solarization; 1- = No irrigation; and 1+ = Irrigation.
2. SE(1), SE(2), SEQ), and SE4) are standard errors (£) for comparing irrigation effects, solarization effects, irrigation at same level of solarization,
and solurization at same level of irrigation, respectively.




the soil was irrigated before solarization (Table 4); however,
this effect extended only to a depth of 30 cm. Soil NH =N levels
were not alfected by solarization at any depth. Similar results
were  obtained during the 198687 season  (results  not
presented).

Weed growth

Solarization markedly deereased weed growth (Fig. 3). Most
annual weed species were effectively suppressed by solarization;
however, the perennials, such as Cynodon dacivion. Cyperus
rotundus, and Convolvuduy arvensis, gradualiy recovered. This
was most noticeable in the chickpea expertment. which was left
tallow after the completion of solarization treatments in June
until the sowmg i October-November.

Solarization for 2 successive vears was most effective in
suppressing weeds (Fig.4) There was a residual eftect of solari-
zatton in the previous year but solarization in the current year

wias more ctfective.

Soil insects and other arthropods
Our attempts to monitor the erfects of Lolar.ation on soil

insects and other arthropods were unsuceesstul due to inade-
quate naturil populations i the experimental field.
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Figure 3. Main effects of solarization on weed dry-matter
production in the pigeonpea experiments conducted in
1984/85 and 1985/86 cropping seasons in ficld BIL 2B, S+ =
solarized; S = nonsolarized.
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Figure 4. Cumulative and residual effects of solarization on
weed growth in tle pigeonpea experiment ¢conducted over 2
years in field BIL 2B. Weed masses are means of irrigated and
nonirrigated treatments for the 1985/86 cropping season,
Presence (+) or absence () of solarization treatments is
indicated.

Nematodes

The population of all parasitic nematodes of pigeonpea was
markedly affected by solarization in the 1984'85 season
(Fig.5a). Included in this population were Heterodera cajani
cysts, epps, and larvaer Roryvlenchiudus reniformis; Helicoryien-
chux retusus;and Pratvlenchus spp. Solarization with irrigation
was most effective in reducing populations of cysts, eggs, and
tarvae. The effect ol solarization on total nematode population
in the 1985 K6 season was similar to that in the 198485 scason,
except tha. £ cajani cysts, eggs, and farvae in the cysts, were
not affected. This was probadly due to a shorter duration of
sofarization in this scason, A residual effect of solarization was
not apparent on the parasitic nematode population in the fol-
lowing year,

In the chickpea field, the effect of solarization on the total
nematode population parasitic on chickpea, including /4. retu-
sus, Pratvlenchus spp, K. reniformis, Tvlenchorhyactis spp,
and {leteradera spp larvae, was significant and drastic (Fig. 5b).
The wematode population remained fower during the entire
cropping scason. A residual effcct of solarization was also not
apparent for chickpea plant parasitic nematodes.



Fusarium population and wilt incidence
Just befcre solarizatior. both chickpea and pigeonpea wilt path-

ogen populations were more than 1000 propagules (g of soil} !,
There was a large reduction in the population of both pathogens
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Figure 5. Effect of solarization on the total plant parasitic
nematode population (mean of irrigated and nonirrigated
treatments) of (a) pigeonpea and (b) chickpea with time after
solarization, ficlds BIL 2B and BH. 2C, 1984/85 cropping
season, § + = solarized; S = nonsolarized.

due to solarization in both dry and irrigated conditions imme-
diately after the solarization period (Figs. 6-7). In the nonsolar-
ized treatment, there was an increase in Fusarium propagules
during this period. The Fusarium population remained at low
levels in solarized plots throughout the growing season for both
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Figure 6. Effect of solarization on numbers of Fusarium prop-
agules in pigeonpen plots in field BIL 2B in the 1984/85
cropping season, Presence (+) or absence () of solarization (S)
or irrig... _.n (I) treatments is indicated.
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Figure 7. Effect of solarization on numbers of Fusarium prop-
agules in chickpea plots in field BIL 2C in the 1984/85 crop-
ping season, Presence (+) or ahsence () of solarization (S)or
irrigation (I) treatments is indicated,.
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Figure 8. Effect of solarization on wilt incidence in wilt-susceptible pigeonpea genotype LRG 30 in a wilt-sick plot (BIL 2B) over
three seasons. Presence (+) or absence { ) of solarization treatments is indicated.
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Figure 9. Effect of solarization on wilt incidence in wilt-susceptible chickpea genotype ICCV Lin a wilt-sick plot (BH. 2C) over three
seasons. Presenee (+) or absenee () of solarization treatments is indicated.



crops. The beneficial effect of solarizationin reducing the popu-
lation of Fusarium was confirmed in both chick pea and pigeon-
pea experiments conducted in the 198586 scason. The effect of
solarization in 1984 on  Fusarizm propagule populition
extended into the second scason.

Solarization reduced wilt incidence in pigeonpea under both
irngated and nonirrigated conditions (Fig. 8). The effect of

solurization in 1984 was not apparent in the 1985/86 season
(Fig. 8). even though the population of Fusarium propagules
was lower than in the nonsolarized treatment.

Etfects of solarization on wilt incidenice in chickpea were
dramatic (Fig. 9). Significant residual effects of solarization
could be scen in the subsequent seasons, but the st year levels
were not matched subsequently (Fig. 9).
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Figure 10. Effeet of presence (S+) and absence (S ) of solarization in irrigated treatments on soil populations of Rhizobium and
nedule number and mass for pigeonpea in field BIL 2B and chickpea in field 311 2C over two seasons.



Rhizobial population and nodulation

Solanzation did notsignificantly aftect rhizobial population or
nodulation of cither crop In the nonirrigated treatiments bt it
caused a significant reductior in these pavameters in the irri-
gated treatments (Fig 10) However, no effects were obuerved
for pigeonpea in 1985 86, probably due to the reduced duration
o solarization. Despite these reductions, shoot drv matter was
not reduced in the solarized treatmeni at the time of nodulation
sampling, pechiaps due to the compensatory effect of soiariza-
ton in enhancing nitrate concentrations in this treatment.

Growth and yield of pigeonpen

Stimalatory effects of solarization on plant growth were
obvious for both wilt-susee;tible and wilt-resistant genotypes
inallexperiments (Fiaos, [-13), Differences in plant height were
apparent from carly-growin stages (Fig, 14y, Solarization
reduced mean time to S0 tflowering and to maturity. For
example, in 984 85 flowering period was redueed by 10 davs
for LRG 30 and by (2 days for 1CP 8863 and time to naturity
reduced by 60 davs for LRG 30 and 19 davs for TCP 8653, The
corresponding valuen for the repeat experiment in 1985 86 were
10 days and 2 days tor flowering and 8 days and 2 davs for
maturity.

Solanization markedly inercased dry-matter  sduction and
seed vield of both genotypes in all Ist year experiments (Fig.
I5). These increases were greater for LR G 30 than 1ICP 8863 and

Figure 11. General view of pigeonpea solarizaiion experiment
in field BIL 2B in December 1686. Plots with better growth
received solarization treatment.

pea geno-
type LRG 30 to solarization in BIL 2B in October 1985. The
plot in the foreground was not solarized and most plants have

died of wilt, The plot in the backgrourd was solarized.

Figure 13. Response of the wilt-resistant pigeonpea genotype
ICP 8863 to solarization in BIL 2B in October 1985. The
nonsolarized plotis in the foreground and the solarized plotin
the background.
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Figure 15, Fifect of solarization and irrigation trentments on seed (shaded) and total dry matter (entire bar) yields of wilt-
susceptible (LRG 30) and wilt-resistant (FCP 8863) pigeonpea genotypes. Presence (+) or absenee () of solarization or irrigation
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in the presence of irrigation. Improved seed yields resulted from
increased pods and seeds plant!; there were no significant
treatment ctteets on seed size.

There were no significant residual effects of solarization in
the previous season on total dryv-matter or seed vield for either
genotype (Fig, 16), Turther, there were no differences between
solarization for 2 successive vears and solarizc onin the cur-
rent year only (1985 86 data of Fig. 16). Only solarization in
the current season caused stgnificant difterences, confirming
results of the Istyear (Fig. 15). However in 1986 87, ICP 8863
did not respond to solarization.

Growth and yield of chickpea

Growth and yield of chickpea were relatively poor inallexperi-
ments. This was primarily due to drought stress, as crop growth
had to rely on residual soil moisture because of limited aceess to
irrigation in these tields. Further, i the first two seascas, land
was not cultivaied prior to chickpea sowing for fear of cross-
contamination between plots. Nevertheless, large effects of
solarization were apparent (g, 17),

In the Ist vear of the experiment in BIL 2C (1984, 85), virtu-
ally all plants of the wilt-susceptible genotype 1CCV [ were
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Figure (7. General view of chickpea solarization experiment in
field BIL XC in December 1986. Plots with poor stands have
chickpea genotype [CCV 1, without solarizatior. The four
rows with reasonable plant stand in the two upper right plots
with poor stand had been treated with Fusarium antagonists,
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Fipure 16. Residual effects of solarization on seed (shaded ) and total dry matter (entéire bar) yields «."pigeonpea grown in field BIL.
2B in 1985/86 and 1986/87 seasons. Data are pooled forirrigaticiciccatment in 1985786 as this treatment did not significantly affect
yields. Presence (+) or absence ( ) of solarization treatments is indicated.
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Figure 18. Effect of solarizatior. and irrigation treatments on
seed (shaded) and total dry matter (entire bary yields of wilt
susceptible (ICCV Dy and resistant (JG 74) chickpea genotypes.
Yield and dry matter are not shown for 1CCV 1 for nonsolari-
zation treatment as it died completely even before reaching
S0% flowering. Presence (+) or absence () of solarization or
irrigation treatments is indicated,

killed before maturity in nonsolarized plots and no yield was
obtained (Fig. 1X). In the wilt-resistant genotype JG 74, there
wits i 2300 increase i seed vield due to solarization in the
irigated treatment and 1777 in e nonirrigated treatment,
mainly due o an increase in tne 100-seed mass. The positive
response of ICCV 1 to solarization was confirmed in field BM
YA in 1986 87 (Fig. 18).

In contrast to pigeonpei, there were clear residual effects of
solarization on HCCV 1 in subsequent seasons in BIL 2C (Fig.
19). In 1985 86, two successive solarizations had the same effect
as a single solarization in the current year. In 1986 87, growth
and vield decreased with time from the previous solarization.
There were no significant responses of 1G 74 o solarivation in
the second and third seasons in BIL 2C (Fig. 19),

Discussion

The increases in soil temperature achicved by soil solanization
in this study compare fuvorably with those reported in temper-
ate climates: i.c., about 10°C in the surface soil S-em deep
(Katan 1981; Horiuchi 1984). tn the present study, tempera-

tures under polythene sheeting excerded 60°C at 5 cm and
reached 42°C at 20 em soil depth, which are in the lethal range
for many microorganisms (Pullman ctal, 1981). This increase in
soil temperature with solarization has been considered as the
major driving force for the various biological and physico-
chemical changes in the soil that affect plant growth (Katan
1981).

The effects of solarization inmcreasing growth and yields of
the wilt-susceptible genotypes can primarily be attributed to
harmful effects on the wilt pathogen. The reduction in wilt
incidence with solarization was accompanied by large reduc-
tions in the numbers of Fusarium propagules specific to either
pigeonpea or chickpea. Thermal inactivaion of fungal propa-
gules could be the reason for such reductions (Katan 1981,
Pullman et al. 1981). Solarization was more effective in reduc-
ing the Fusarium propagules of chickpea than of pigeonnea,
with consequent greater effects on growth and yield of wilt-
susceptible chickpea: this may be due to differential thermosen-
sitivity of the pathogens or their differential distribution in the
sotl profile. Although it has been reported that moisture is a
crucial factor determining the effectiveness of soil solarization
(Katan et al. 1976), irrigation prior to solarization did not
significantly enhance reduction of  Fusarium  propagules.
Apparently whatever little soil moisture was present in the
nonirrigated solanized treatment was sufficient to thermally
inactivate the Fusarium propagules,

Biological control of soil pathogens by means other than
thermal inactivation is also eacouraged by solarization (Katan
1981). Fusarium propagules were not completely destroyed by
solarization and yet control of wilt disease was very effective,
particularly in chickpea. This indicates involvement of other
factors. It is possible that Fusarium propagules were weakened
by heat to the extent that they beconie poor competitors with
other soil microorganisms. Indications have been obtained
recently that tungal antagonists, encouraged by solarization,
can reduce wilt incidence in both crops (M.P. Hawire, ICRI-
SAT, personal communication 1956; see Fig. 17).

Fhat additional factors to the effects of solarization on fusa-
rium wilt are involved is evidenced by the stimulatory effects of
solarization on early-growth rates in the wilt-susceptible
pigeonpea genotype and on growth and vield of the wilt-
resistant pigeonpea genotype. This “increased growth
response™ (1GR), additional to the effect of controlling the
target pathogen, has been previously documented and dis-
cussed (Katan 1981). However, FGR eifects were not so appar-
ent in chickpea and effects of solarization on growth and yield
in that crop can almost entirely be attributed to reaction to
fusarium wilt, Factors likely 1o be of iraportance for IGR in this
study include control of plant-parasitic nematodes and
increased mineralization of soil nitrogen. Stapleton et al. (1985)
reported that solarization increased production of both NH,-N
and NO©-N.NH.-Nlevels were notaffected in the present study,
presumably because of rapid conversion of NH, 1o NO,. The
enhanced availability of nitrate with solarization appeared to
compensate for the reductionin rhizobial numbers and symbio-
tic activity in this treatment.

Pieduction of weed infestation is another beneficial side effect
of solarization. This could have been caused by direet thermal
killing of weed sceds either before germination or soon after it
had been induced by moisture in the solarized plots. However,
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Figure 19. Residual effects of solarization on seed (shaded ) and total dry matter (entire bar) vields of chickpea grown in field BIL 2¢C
in 1985/86 and 1986/87 seasons. Data are pooled for irrigation treatment in 1985/86 as this treatment did not significantly affeet
vields, Presence (1) or absence () of solarization treatments is indicated,

solariziation was less eftective in controlling perennial weeds,
probably due to the deeper distnibunion of their propagating
tissues in the soil, where temperature increases were less.

Stimulatory effects of solarization were encouragingly con-
sistent across locations and tme. Residual effects of solariza-
tion were substantial and consistent for chickpea but not
apparcnt for pigeonpea. Further, in pigeonpea there were indi-
cations of greater wilt incidence in plots solarized in previous
years but not receiving solarization in the current season, This
may indicate an enhanced capacity for reinvasion of the pigeon-
pea wilt pathogen.

lrrigation before solarization is generally recommended to
obtain etfective discase control (Katan 1981). In the present
study, solarization was effective without irrigation, although at
least for pigeonpea, effectiveness did improve with irrigation.
Thus, irrigation capability is not & prerequisite to cffective
solarization.

Implications

Although beneficial effects of solarization have been clearly
demonstrated for chickpea and pigeonpea in peninsular India,
cconomic considerations would ‘imit use of this technique for
these crops in commercial agriculture. Both of these crops are
normally grown extensively, under rainfed conditions, with
little input and little return. Developnent and use of discase
resistant or tolerant genotype: would be more practical for

discase-infested lznd in these circumstances. Nevertheless, there
are situations where solarization is feasible for these particular
crops. One is on research stations where it is necessiry to
repeated!l grow gerotypes affected by wilt or other dizeases,
including nematode-caused diseases, on the same area of Jand,
Examples would include crossing blocks and germplasm-
assessment studies. Solarization has already been adopted as a
practice for these circumstaness at ICRISAT Centers; it is safer,
more economic, and possibly as effective as soil fumigation with
chemicals Another possibility of using solarization for these
crops is in production ol disciase-free seed, either on research
stations or on a commercial scale. It has been found that
fusarium wilt can be seed-transmitted and thus usc of discase-
free land s necessary for seed-production plots,

Forcrops of high value per unitarea, such as vegetables, vee
ot solarization becomes more economically feasible for control
of sotlborne diseases, The cconemics would improve with the
adventofcheaper, thinner, ultra-violet-light resistaat polythene
sheeting (Katan 1984) We would recomiend that the tech-
nigue be evaluated tor high-value crops prone to soilborne
diseises in the'environment of peninsular India. We have sum-
marized our recommendations tor applying solarization treot-
ments, tor any crop, in tie Appendix.

Solarization may also be used as an experimental tool to
modily populations of seil microorganisms., AtICRISAT Cen-
ter, weare using the technique in studies of Rhizobium ecology,
particularly to understand soil colonization by inoculated
strains of chickpea rhizobia.





http:jlckJ.an

Figure 20. Recommended method of placing polythene sheeting for solarizing soil.
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It his been suggest od (J. Katan, Facultv of Agriculture, the
Hebrew University of Jerusalem, Israel, persenal com-
munication, 1985} that addition of fresh organic matter to
solarized plots can enhance solanzaton ettects, through
production of volatile organic compounds thatare toxic to
pathogens. However, such compounds could dlso be phy-
totoxic and 1t 1y recounmended that the eftect of solariza-
tion with organic matter incorperation be sxperimentadly
tested for vach particular ciop site combination.

Alter solanization and prior to or durteg crop growth,
irrigation witter should not be allowed to {1 w from areas
posstbly contaminated with pathogens onto solarzed
plots. Use of sprinkler or irrigation through perforated
pipes s thus recommended in this case.

Place ends of two sheets in furrow.

Bury with soil and compact soil.

Maove top sheet away from bottom one.
Bury cdges of bottom sheet and
compact soil.

I necessary, repeat the process by
vlacing  ancther sheet on the top,
burving the two edges as in Step 2and
openine the top sheet,

Ensure all edges are thoroughly sealed
witih compacted soil.



