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Alcaligenes xylosoxydallS protected pigeonpca from FusariulII wilt in a pot experiment and field trials. When seeds of 
pigeonpea (c. cajon) were treated with A. xylosoxydans and sown in soi l infested with FusariulII, the incidence of wilt was 
reduced by 43.5% and resulted in 58% higher grain yield. The antifungal activity of A. xylosoxydalls was based on chiti nase 
production and was comparable in effic:lcy to commercial antifungal agents such as benlate, monitor WP, thiram and 
bavistin. 
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Pigeon pea [Cajanus cajan (L.) Millsp.] is one of the 
important legumes grown predominantly in the semi­
arid tropics of Indian sub-continent. The crop has a 
great significance in Indian agriculture because of its 
multiple use as food, feed, fodder, fuel and its role in 
sustalIllIlg agricultural producti vity. In India, 
pigeonpea is grown on 3816 ha, contributes 2876 
thousand tonnes of grain annu ally. Fusarium wi lt, 
caused by Fusa rium udum Butler, is a majO!' disease 
of pigeon pea throughout the worl d. It has been 
reported in Bangladesh, Ghana, India, Indonesia, 
Kenya, Malawi, Mauritius, Myanmar (Burma), Nepal, 
Nevis, Tanzania, Thailand, Trinidad, Tobago, Uganda 
and Venezuela. An nual loss due to wilt in India and 
eastern Africa is estimated to be around 71 and 5 
mi llion US do ll ars, respectively' , In spite of 
cultivation of wilt-resistant cllitivars of pigeonpea 
(GT 100 and BON 2), wi lt incidences lIpto 30% are 
reported from pigeonpea-growing regions of Gujarat. 
At present, fungicides such as thiram, bavistin and 
benomyl are generally used for controlling Fusarium 
wilt. Due to pesticide-related hazards, the need fo r 
adopting biolog ical methods for the control of plant 
diseases have been emphasized2-3. Biological control 
is a potential alternative to chemical control, and 
cUITently, there are a number of fungal biocontrol 
products commercially avail8.ble in the market4

. Some 
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examples of microbial biocontrol agents are 
Trichoderma harzianum for Alternaria brassicola5

, 

Coniothyrium minitans for Sclerotinia sclerotiorun/ , 
Paenibacillus sp. 300 for Pythium ultinnlln6

, 

Pseudomonas aureofaciens AB2S4 for Botryt is 
cinerea7 and Pseudomonas jluorescen\' Pf7 -14 for 
Rhizoctonia solani8

. 

The present investigation deals with the con trol of 
wilt of pigeonpea by using Alcaiigenes xyiosoxydalls, 
whi ch produces hi gh level of ch itinase that is 
responsible for breakage and destruction of chi tin 
con taining cell wall of Fusarium udllln, thus 
controlling growth of plant pathogenic infection of 
pigeoilpea. This is perhaps the first report on the use 
of chi tinolytic A. xylosoxydans for biocontroJ of a 
fungal plan t pathogen, 

Organism, culture conditions and media Llsed­
Alcaligenes xylosoxydans 1M! No. 385022, used in 
this investigation, was isolated from seafood 
industrial waste and identified by CAB International, 
Surrey, UK. The cu lture conditions for growth were 
same as described earli er9

. 

Effecl of A. xylosoxydans, benlate, and monitor HIP 
011 con.trol of infection in Cajanus cajan caused by 
F. lIdllnl ill pot experiments - Seeds of C. cajan were 
surface-steril ized by wash ing with sterile di stilled 
water, followed by treating with 0.1 % HgCI2 in O.OSN 
HCI for 3 min, and washing again with steri le distilled 
water thrice. Ten seeds were placed in eight sterile 
petri plates under aseptic conditions as indicated in 
Table 1. In each system, the vol ume was finall y made 
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Table 1- Protocol for the determination of biocontrol potential of A. xylosoxydalls, benlate and monitor WP 

Plates A. xyloso.\}'dons Benlate Monitor WP F. udum Disti lled water 
(lOscfu/ml) (mg) 

A 

13 

C 5 

D 3 

E 

F 5 

G 3 

H 

to 20 ml with sterile distilled water. After five days, 
the radicle and plumule lengths were measured and 
the per cent germination was determ ined. 

Eight pots were filled with 500 g of sterili zed soil. 
The same eight treatments were used by transferring 
the germi nated seeds from the petriplates into the 
pots. Pl an t growth was monitored for one 1110nth after 
which the shoot length, root length and the number of 
leaves were recorded. The plantlets were dried in an 
oven at 55° ± 2°C to constant weight. 

Effect oj A. xylosoxydalZs, ben/ate, monitor WP, 
Ihiram and bavistin Oil the control oj i/~fect ion ill C. 
cajan callsed by F. udul11 in field trials - The field 
tria ls were conducted in a rain irrigated and well 
mai ntained Fusarium wilt s ick plot at Gujarat 
Agricultural University, Model Farm, Vadodara 
during the monsoon season of 200 J -2002. The seed 
treatment included A. xylosoxydans (l08 cfu/ml) 100 
mllkg, benlate at 3 g/kg, monitor WP (Trichoderma 
spp. based fo rmul ation) at 4 g/kg, thiram at 3 g/kg and 
bavistin at 2 g/kg. 

Prior to sowing , the seeds of a wilt susceptible 
culti var of pi geonpea (T-lS-lS ) were treated with 
biofungicides or chemical fungic ides as described and 
were sown at inter and intra row spacings of 120 and 
20 cm: respectively. Untreated seeds were also sown 
as the control. The experiment was carried out in a 
randomized block des ign with four replications . 

The percentage wilt incidence (PWI) was 
calculated according to the formula: 

PWI = (Number of di seased plants/Total number of 
plants) x 100 

The data for per cent of plants with wilt were 
transformed into arc sin values and statistically 
analyzed. Grain yield and yield components, namely , 
number of pods, number of branches, height, and 
fresh and dry plant weight were recorded. All yield 

(mg) (106 spores/ml) (ml) 

3 

3 

20 

5 15 

15 

20 

20 

5 10 

5 15 

5 15 

atttibute data were statistically analyzed (Indigenous 
software of Department of Statistics, B.A. College of 
Agriculture, Anand, India). 

Section staining - The secti ons of pigeon pea shoot 
were stained according to WilleylD. 

Fungal infections in plants were controlled by 
using chemical/or biological fu ngicides or 
introduction of chitin ase gene into plants. Genetically 
transformed strain of Trichodenlla virens constitutively 
over-expressing chitinase gene ex hibited significantly 
enhanced biocontrol potential agai nst cotton seedl ing 
diseases inci ted by R. solani as compared to the wi ld 
type strain l 

I. Superior biocontrol activ ity of chiti nase 
overproducing strain Pseudol1lonas stutzeri YPL-M26 
against F. so/ani has also been reported l2

. Enhanced 
resistance against fungal pathogens has been reported 
in transgenic plants with chitin ase gene in a number 
of plants such as strawberr/ 3

, cucumber l4
, elite indica 

rice l5
, wheat l 6 and japonica rice l7

. Apart from 
introducing chitin ase gene in plants, chitinase­
producing microorganisms have also been employed 
to control fu ngal pl ant pathogens. P. fluorescens was 
effective in reducing F. monilijonne infection in five 
different cultivars of sorghum l8

. When cotton 
seedlings were inoculated with strains of Bacillus 
cereus, B. subtilis and B. pumilus, the disease 
incidence by R. solani was reduced in the greenhouse 
by 51,46 and 56%, respectively 19. Stenotrophomonas 
maltophilia strain C3 reduced 80% fo liar necrosis 
(brown patch disease) caused by R. solani in tall 
fesc ue2o. Development of Fusarium wi lt symptoms 
was prevented in pigeon pea on treatment with the 
antagonist Bacillus brevis in pot and field3

. Both A. 
:>.ylosoxydans and its culture filtrate inhibited 
Fusarium sp. to the ex tent of 44 and 74%, in vitro 
respectivell . Seeds of C. cajon infec ted with F. 
udum resulted in complete inh ibition of germination, 
indicating the virulence of the pathogen (Table 2). 
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When the seeds were treated with A. xylosoxydans, 
monitor WP and benlate, disease inc_idence against 
Fusarium udum was reduced by 100, 73 and 
100%, respectively. The biofungicide potential of 
A. ) . .-ylosoxydans in conferring protection against 
Fusarium infection was comparable to commercially 
available fungicides. In wilt-infested plots, when C. 
cajan seeds were sown without any treatment, 85% 
wilt incidence was recorded. Wilt incidence was 
reduced to 43.5% when seeds were treated with 
A. xylosoxydans. Treatment of pigeonpea seeds with 
benlate, lhiram, bavistin and monitor WP reduced the 
wilt incidence by 46, 39.25, 33 and 4 1 %, respectively 
(Table 3)_ Grain yield with seeds treated with A. 
)..ylosoxydans, benlate, thiram, bavistin and monitor 
WP was 503, 537, 458 , 377 and 475 kg/bu, 
respectively: while the untreated control was 295 
kg/hu. Microscopic studies of trar.sverse section of 
shoot of infected and heal thy plants showed the 
presence of fungal mycelia in the former, not in the 
latter (Fig. 1). 

Chemical fungicides, benlate, thiram, bavistin as well 
as the biofungicide monitor WP also gave good 
protection . The pods per plant and grain yield 
enhanced due to treatment with A. :rylosoxydans and 
the chemical and biological fungicides as compared 
to untreated control. Thus, chitinolytic strain of 

A. _\ylosoxydans offered a significant protection 
(43.5%) to infection by F. udum in the field trials. 

Fig. I-Transverse section of F. lIdllm (A) infected ; nnd (8) 
uninfectcd pigeonpea shOOl (400 x magnification) 

Table 2 - Efrcd of A. xylosoxydans. benl:Jte ill1d monitor WP on the growth of C c .;:!Il infected with 
F. udum in pots 

Treatmcnt Germination Root length Shoot length Average dry 
(%) (em) (em) wt (g) 

Control 80 4.3 ± 1.5 19_0 ± 3 _0 0.4937 
(No treatmem) 
F. udwlI 00 
A. xy/os()xydans SO 2.9 ± 1.9 21 ± 3_0 0.4985 
Benlate 80 3.9 ± 2.7 20.3 ± 4.2 0_5677 

Monitor WP 60 5.7 ± 2.4 13.3 ± 7.5 0.2705 
A. xylosoxydan.l'+ F. lIduIII 80 6.1 ±0.9 14.6 ± 6.9 0.3126 
Benlate + F_ lulwn 80 2.5 ± 0.5 21.9 ± 1.9 0.5250 
Monilor WP + F_ UdLi Ill 50 2.5 ± 0_9 10.4 ± 2. 1 0.2455 

Table 3 -Comparative effect of A. xylosoxydalls. chemical and biolog ical fungicides 
on the control of Fusarium wilt jon C caja/l (T-15- 15) seeds under field trialr. 

T reatment % Wilta.b Dry weight of Pods/plant Height Grain yield 
biomass (em) (kg/ha) 
(kg/ha) 

Bcnlate 38.47 (38.75 ) 277 1 203 205 537 
A. xylosoxydans 39.90 (41.25) 2583 213 206_5 503 
Monit0rWP 41.38 (43.75) 2531 217 199 475 
Thiram 42.40 (45.50) 2370 215 201 458 
13avistin 45.99 (51.75) 2562 209 20 1 377 
Untreated control 67.31 (84.75) 2567 194 204 295 
SEm± 1.63 63 8_28 4_61 19_70 
CD @ 5 % 4.90 191 INS NS 59.37 
CY % 7.08 8.94 7.95 4_54- 9.06 

"Arc sin transformed values b Figures in parentheses are original values 
fN S: Not significant 
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A. xyLosoxydans was comparable in efficacy of 
controlling infection and increasing yields with 
chemical fungicides and biocontrol agent. 
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