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The effect of some plant probiotics in the biocontrol of the causal agents of chickpea
Fusarium yellowing and wilting
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Abstract

Chickpea Fusarium yellowing and wilting disease, caused by Fusarium redolens (Fr) and Fusarium
oxysporum f.sp. ciceris (Foc) is one of the most common diseases of this plant in Iran. In this study, the effect
of bacterial and fungal probiotic strains received from different sources belonging to Alcaligenes, Bacillus,
Delftia, Pseudomonas, Stenotrophomonas and Trichoderma genera was investigated on mycelial growth of
the plant pathogens in the laboratory and chickpea growth and disease indices in the greenhouse. The volatile
compounds of all probiotics prevented the growth of pathogens mycelium. In dual-culture test, all probiotics
had an inhibitory effect on Foc growth, but only the effect of Bacillus pumilus INR7 and Trichoderma
harzianum T33 on Fr growth inhibition was significant. In the greenhouse, Delftia tsuruhatensis PIIR and
Alcaligenes faecalis 1624 were among the best treatments in reducing Fr disease indices and increasing
growth factors. In contrast, T. harzianum T33 and Pseudomonas putida RUP1 were the best strains in
decreasing disease indices and improving plant growth from Foc infected plants. Overall, the probiotics had
the potential for promoting plant growth and biocontrol of these pathogens and after the necessary studies,
can be recommended in integrated management of Fusarium disease of chickpeas.

Keywords: Plant growth promoting bacteria, Soil-borne disease, Growth factors, Volatile compounds,
Biological control
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Table 1- Mean comparison of influence of probiotic isolates on colony growth of Fusarium oxysporum f. sp.
ciceris and Fusarium redolens in dual culture and volatile compounds production tests on PDA.

F. redolens F. oxysporum
Inhibitory halo in Inhibition by volatile Inhibitory halo in Inhibition by volatile
Treatment dual culture (mm) compounds (%) dual culture (mm) compounds (%)
Alcaligenes faecalis 1624 5ab 46.185a 4.6667 a 42.963 a
Bacillus pumilus INR7 8a 11.245¢ 1.3333 b 14.815¢c
Control Ob 0d Oc 0d

Delftia tsuruhatensis PIIR 1.333b 15.663 bc 1.3333 b 25.185b
Pseudomonas putida RUP1 2.333b 16.064 bc 1.6667 b 17.407 bc
Stenotrophomonas 1.333b 20.08b 1.6667 b 25556 b

maltophilia S37
50 SSls g3l 5l eoliiwl Lo e jlass lo sime (g )lol coglis sasma )i (ygies p2 LS 10 S jliie i Bgyo okt S5 d (uSiles colael
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Data are means of 3 replicates. Different characters beside each column indicate statistically significant difference at 5% probability
level according to Duncan test.
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Figure 1. Microscopic image of the hyphal interactions of Trichoderma harzianum T33 with Fusarium
redolens and Fusarium oxysporum f. sp. Ciceris. A) Twisting of T. harzianum T33 (T) hypha around
Fusarium oxysporum f. sp. ciceris (Foc); B) formation of appressorium (Ap) by T. harzianum T33 at the
junction with Fusarium redolens (Fr) hypha. (Scales = 20 micrometers)
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Figure 2. Effects of the probiotic agents treatment on yellowing A and root necrosis B severity caused by Fusarium
redolens and their effect on the severity of yellowing C and discoloration of vascular tissues D caused by Fusarium

oxysporum f. sp. ciceris in greenhouse condition. Mean comparison analyses were done by Duncan test at 5% probability
level. Means with at least the same letters have no significant difference.
Fr =Fusarium redolens and Foc Fusarium oxysporum f. sp. ciceris are the infected controls, Af = Alcaligenes
faecalis 1624, Bp = Bacillus pumilus INR7, DS = Delftia tsuruhatensis PIIR, Pp = Pseudomonas putida RUP1, Sm =
Stenotrophomonas maltophilia S37, Th = Trichoderma harzianum T33 and HC = healthy control.
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Table 2. Effect of probiotics on chickpea growth parameters in the presence of Fusarium redolens in greenhouse.

Root volume Root wet Root dry Foliage dry Foliage wet
Treatment (ml) weight (gr) weight (gr) weight (gr) weight (gr)
Alcaligenes faecalis 1624 13.25a 11.86a 0.66a 3545a 26.61 a
Bacillus pumilus INR7 12.75a 11.7275a 0.6775a 3.4525 ab 26.145 ab
Delftia tsuruhatensis PIIR 12.75a 11.3ab 0.635a 3.4325 abc 28.25a
Fusarium redolens 5.875d 6.4325d 04d 24725¢ 19.438 ¢
Healthy control 10.25b 8.3725 cd 0.4925 cd 3.155 bed 25.493 ab
Pseudomonas putida RUP1 8.75¢c 8.0375 cd 0.52 bc 3.065 cd 23.023 b
Stenotrophomonas maltophilia S37 8.875 bc 9.755 bc 0.6ab 3.1535 bed 25.513 ab
Trichoderma harzianum T33 9.75 bc 8.2025 cd 0.4675 cd 2.7975 de 22.93b
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Data are means of 4 replicates. Different characters beside each column indicate statistically significant difference at 5% probability
level according to Duncan test.

slo A faecalis 1624 4 tsuruhatensis PIIR Fusarium oxysporum - sles (w3 J 58~ OgesT
Bad sl 39,50 s e LEalS el b STy bylph 50 <SKigngp Suloe g T sp. ciceris

Hlls”
A. D. tsuruhatensis PIIR ;>4 C ¥ S 5lkao
aw ol B. pumilus INR7 4 faecalis 1624

& P. putida RUP1 4 T. harzianum T33 fsose a5

oMe pl oo, YYAT o FEVO oS L oy

¥ JS8) wog bayles oy 0ol sals 4 Cas Do Bad o gme pmalS cow K0 Sgngy
sjles ase o Sle awlie ol » (D ,» F. oxysporum f. sp. ciceris ;| il ss,;
F. oxysporum f. sp. jg.0> )5 oods o) 2 SiSuas e 3 T harzianum T33 § wo )5 les slaceand
wilize @)Ll sloeg S 5o (295 )8 et ciceris YVEF 4 0 walS L ey 4 P. putida RUPL

PRRERVAPSIN RV RAPUICUOW PR PSS [+ | B
L wwy 4 A faecalis 1624 5 P. putida RUP1 A5 el @ s (a3l Gl ey
D. (_gLZ.‘Z.';...u‘AJ. Cyeiomod asils )f)l.«.; Q.ﬂ PO gren



AR a5 3l ¥ o)lost 4 050 ¢ aLS slacs o 5 T Su5ssm J S \4Y

odalie F. OXysporum 3 leo jea> ;0 ol plul
P. 4 T. harzianum T33 slaas g Ta.xgu 5 Lo S

Solp VYO o VFY Lilidl b w5 4 putida RUPL
lo 5l e ol Sh ol sals 4y cus g5 oyl
S (9 g Al slajles Sl o))l 0g bajles
A. faecalis 1624 >4 ol lid o ads,

5 ool el b Rl cen S SloSsns
T. 4 S. maltophilia S37 P. putida RUP1 sl»,les
&lel 05,5 G 0 WJle wals L aS harzianum T33

5 OFYD FAVE mldl Lo ey a waaal )8
w0ogll dalds a4 s ddn, SiS (39 G, O Y

3905 Joe (b 5l se8

aalds 4 Cad Jel)l opl e plp VY 9 VAA olsdl
SUCT VSRV LU N JR| EVICOR. SR S RPN |
sy 5o byles ads Al faecalis 1624 gliciula
Ol eogll salis @ o | ada;y 5 059 S )lew
L P. putida RUP1 4 S. maltophilia S37 4 ools
& Camd HeSB ol gao,s FAUVE 5 VYA ol

el pedle Wog oo sl jles 5 g 00yl vali
5 P. putida RUP1 (T. harzianum T33 Lo 4w laad

5 OFYY ATFY L w55 4 S. maltophilia S37

A Cod glep sl 55 GaliEl as e TR
sl 6)“3 BEN )_:l ‘)Lo,..._g Sl
A. 4D. tsuruhatensis PIIR sliciulas ¢ puion

Sid 9 oyl bl sl o faecalis 1624

A8 o Fusarium oxysporum f. sp. CiCeris jsa> ;0 5950 guds, slo azli p b Sigug n S1-F Joux
Table 3. Effect of treatment with probiotics on chickpea growth parameters in the presence of Fusarium oxysporum f. sp. ciceris in

greenhouse.
Root volume Root wet weight (Root dry weight (Foliage dry weight Foliage wet weight
Treatment (ml) (gr) (an) (ar) (gr)

Alcaligenes faecalis 1624 75¢ 5735d 037 dc 2.73ab 12.313¢e
Bacillus pumilus INR7 8 be 8.09 be 0.4525 abc 28452 16.04 cd
Delftia tsuruhatensis PIIR 9.25 ab 8.2025 bc 0.445 be 2.755 ab 16.658 cd

Fusarium oxysporum f. sp.
ciceris 5.625d 5.5225d 0.32d 22725 b 13.308 de
Healthy control 10.25a 8.3725 abc 0.4925 ab 3.155a 25.493 a
Pseudomonas putida RUP1 10.625a 9.37ab 054a 3.08a 20.805 b

Stenotrophomonas maltophilia

S37 10a 9.8725a 0.5025 ab 293a 19.185 bc
Trichoderma harzianum T33 8.375 bc 74175 ¢ 0.4925 ab 3.26a 24538 a
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Data are means of 4 replicates. Different characters beside each column indicate statistically significant difference at 5% probability

level according to Duncan test.
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