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'" 
Abstract 

.' , 
' .. ' " 

A study was condu(;u!d to i~olq.te and char~ctertze seed,.,borne ~acterial pathogens from sixty rice (Oryza 
sativa L.) varieties in Tanzania. Various methods, including th,e slide cassette holder test, liquid assay 
and direct plating, were used to isolate bacterial pathogens. The isolated bacterial strains were identi­
fied based on colony morphology; biochemical, ser:ological and pathogenicity tests. Acidovorax avenae 
subsp. avenae, the causal agent of brown stripe was detected in 63% of the seed samples tested indicat­
ing that this pathogen is widely distributed in Tanzania. Other pathogens identified were Pantoea 
agglomerans causing palea brpwning, Xanthomonas oryzae pv. oryzae causing bacterial blight and 
Burkholderia glumae which causes grain rot of rice. The presence of these seed-borne bacterial patho­
gens in rice indicates the importance and the need for designing effective control measures of such dis­
eases in order to limit their spread to variou~ rice growing regions'in Tanzania where they may not be 
present. 

Key words:Bacteria, 'Disease, o,ryza sativa, Seed-borne, Acidovorax avenae subs. avenae, Pantoea 
agglomerans 

Introduction 

There have been records of occurance of 
various bacterialdiseases of rice (Oryza sativa 
L.) that affect the grain, seedling and flag leaf 
sheath (Azegami et al., 1987, Zeigler et al., 
1987; Zeigler~nd Alv'arez 1990; Miyajima et 
al., 1983; Shaky a etal., 1985; Shakya and 
Chung, 1985; Rott et al., 1989; and Jaunet et 
al., 1995). These diseases seem to be prevalent 
in tropical countries of Asia and Africa and 
cause :discoloration of the flag leaf sheath and 
discoloration of the grain' (Cottyn et al., 
1996). 

Discoloured and poorly filled grains cause 
economic losses to rice farmers. The use of cer­
tified rice seed in Tanzania is very limited. 
Fanners still retain their seed from the previous . 
season for use in the next season. This means 

\ 
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that the pathogens which are seed-borne are 
multiplied with the seed. Several bacterial 
pathogens are known that affect the sheath, 
leaves, panicles and grain of the rice plant 
(Cottyn et al., 1996; Rott et al., 1989, Zeigler 
et aI., 1987). These include Xanthomonas 
oryzae pv oryzae causing bacterial leaf blight, 
Acidovorax avenae subsp avenae causing brown 
stripe Pseudomonas fuscovagnae sheath brown 
rot, Pseudomonas syringae causing sheath 
brown rot, Pseudomonas plantar;; causing 
seedling blight, Pan toea agglomerans causing 
palea browning and Burkholderia glumae caus­
ing grain rot. 

Although the above pathogens have been re­
ported from many tropical countries, this infor­
mation is lacking in Tanzania. This study was 
therefore conducted to investigate the presence 

-TanzaniaJ. AWic. Sc. (1999) Vo. 2 No.1, 71-80 
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72 L.K. Ashura eloJ. 

of the pathogenic bacteria in rice seed varieties 
grown in Tanzania. 

Materials and Methods 

Materials 

The rice seed samples which were used in 
this study were from 60 cultivars and breeding 
lines obtained from rice research programmes at 
Sokoine University_ of Agriculture and Agricul­
tural Research Institute (ARI), KATRIN, 
Ifakara. Samples from ARI-KA TRIN which is 
the coordinating centre for rice research in Tan-' . 
zania included some cultivars collected ftom 

other regions in the country (Tables 1 and 2). 
.The seed samples were harvested during .1995 
and 1996 growing seasons. - ., . . " . 

Isolation of bacteria 

The isolation of'plant pathogenic bacteria 
was done by using the slide·cassette holder 
method ( Sh~ya apd Chung, IQ83) direct plat­
ing of seeds (Zeigle, el al., 1987) and liquid as­
say (Tsushi~ el al.,_1986; Di el.al., 1991). 

For the slide cassette holder method, 
200 rice seeds were placed between pairs of fil­
ter papers in~erted in e'ach slide holder' of the 
casset'tes: The slide casset~es ,?olding the . 

. Table 1:, Percentage of seedlings show!ng symptoms of various bacterial P!lthogens and pathogen isolated 

Acc. No. 

.. ,40551 
40552 

. 40554 
40555 
40556 
40557 
40559 
40560 

40561 
40562 

40564 
40565 , 

40566 
40568 

:40569 
40570 
'40572 
40573 
40574 

.40575 
40576 
40589 
40590 

\ 
40591 

. 40592 
40593 
40594 
,Table 2. 

40595 
40597 
40598 

40599 
40600 

'-40601 '--.• 
40602 
40603 
40604 
40605 
40609 
40610. 

. using the seedling symptom Slide Cassette"Holder Method (rice seeds from SUA, Morogoro) . .:' . :~. , - .. .. 

VarietylLine SoUrce 

, Themanini . Ifakara 
Limota Ifakara 
Shingo ya mwali Ifakara 
Mbawa mbili Ifakara 
Faya mafuta Ifakara 
Chakula na Bwana Ifakara 
Afaa Kikangaga' Ifakara 
Rangi mbili Ifakara 

Kaling'anaula Ifakara 
-Faya-Mzi nga Ifakara 

Mwarabu Ifakara 
Loy.a Ifakara 

Supa India Ifakara 
Pishori Mwanza 
Kula na Bwana" Ifakara 
Dakawa 83 Ifakara 
Afaa Mwanza 'Ifakara 
Usiniguse' Ifakara 
Supa Mwanza 
Supa India Dakawa 
Honda Ifakara -Lac 23 Ifakara 

_ Yogoyamuchi -:, Bagamoyo_ 
ML215 Zanzibar 
Wabis 18 Ifakara 
CT 6447-7-1-1-7 _ Ifakara 
BKN 3036B Zanzibar 
continuaL . Bagamoyo 

Koshinikari 
laribu 220 Ifakara ;' 

'I,IKN 3036A ~<lP;Zibar. 

Chianung Sen Yu Zanzibar 
Colombia 25592 Zanzibar : '- ," IR 47686-15-1-1 Ifakara . 
Subarmati Zanzibar 
Wabis 844 Ifakara 
TXD 276-4-5-11 Ifakara 
Mangetsumochi Bagamoyo 
IR 13429-2-1-3_ Ifakara 
BU 380-2 Ifakara 

Percentage of 
Germinated 
seed 

83.0 
95.5 
62.0 
93.0 
94.5 
86.5 
88.0 
92.5 

95.0 
84.0 

95.5 • 
84.0 

,83.0 
97.5 

'82.0 . 
78.0_. 
77.5 
66.0 
84.5 . 
94.5 ' 
61.0 
88.0 

.' 79.5 

.. 53.0 

88.5 • 
83.5 
%.0" ;c 

73.,0 

67.5 
89.5 

.~. .. 

90.0 '-' ... 
0.01 
90.5 
85.0 
90.5 
92.5 
87.0 

.~ 72.5 
71.5 

P;r~~;;;~'~e '.' of Pathogen(s) Isolated 
See d lin g s (Biolog shnilarity) ! 

54.2 
15.7 
28.0 
43.0 
28.5 
.13.0 
7.5 ' 

67.0 

35.0 
43.5 

3.0 
14.5 

i7.5 
26.0 
36.0 

- 38.5 
20.5 
28.0 
38.5 

·27.0 
50.0 
28.5 
15.0 
26:5' 
2.0, 
29.0 
60.0 
35.0 

16.5 
56.0 

'44'.5 
.0 -. .,.~..,-. 
33.Q 
48.5 

·.45.0 
41.0 
o 
8.0 
5.5 

,.:r" 

f· 

I 
I 

A. avenae subsp. avenae (0.907) 
P. agglomerans (0:277) 

. P. agg/omerans (0.47) 
A. avenae subsp. avenae, Xanthomonas sp. 
A. avenae subsp. avenae (0.869) 
No pathogen identified 
A. avenae sub",. avenae (0. iS9)' 
A. a. subsp.,avenae (0.869). P. agg/omerans 
(0.182) - ...' 
No pathogen identified 
A. a. subsp. avenae (0.875). 

Xanthomonas maitophilia (0.769)' 
No pathogen identified 
A. a. subsp. avenae (0.864). X. ma/tiphilia 

. (0.849) ., _ .'. . -
S. plymuthica (0.712). P. agg/omerans (0.698) 
P. aggloineraiu (0.423) '.' " ' 
A. avenae subsp. avenae (0.908) 
A. avenae subsp. avena' (0.555) -,-

. No pathogen Identified " 
P. agg/omerans. SerraJia plymuthica (0 . .619) 

"A. avenae subsp. avenae (0.658)' 
A. avenae subsp. avenae (0.719) 
A. avenae subsp. avenae 
No pat~ogertic bacteria detected 
No pad)ogen bacteria delected 
A. aven~e subsp. avenae (0.693) 

,A. avenae subsp. avenae (0.792) 
A. ~venite subsp. avenae (0.693) 

,..~. aven~e subsp. ayenae (0.824)' 
. X. stre/tizia (0.585) 
'. \ -

\. . No pathogenic baclena delected .. _ . 
. A.a.' suti.p·. avenae'(0.840). X'-ma/tophilia 

(0.920) I , .... ..... 
, A:a. subs!>. avenae (0.847). P. putida (0.706) 

No pathogenic bacteriadelected' '. . - . 
• X. oryzae'pv. oryzae (0.895) 
- A'. avena. sUbsp. 'i,venae (0.566) 
; P. agglomerans (0.516) 

.. A. avenae subsp. avenae (0:561) 
No pathogenic bacteria detecled 
No pathogenic bacteri~ detect~d 
No pathogenic ~acteria detected 
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Seed-borne pathogenic bacteria 73 

T ble 2: Percentage of seedlings showing symptoms of various bacterial pathogens and pathogens isolated us-
a ing the seedling.symptom Slide-Cassette Holder Method (rice from ARI, KA TRIN, Ifakara) 

,,:;:;:::::,;::::,,: ......... 
Variety/Line Source Percemage of Genni- p~;~~~~g~.::::~;:;:~~ PadlOgen(s) lsolated(Blolog simtlanty) ACC. No. 

.... .nated.sa:d ............ ..w/S)'mplnmS..~ ... . ....... ' . 

40551 
Themanini [fabm 83.0 

40552 
Limota Jfakara 95.5 

40554 
Shingo ya mwali lfakara 62.0 

40555 
Mbawa mbili Ifakara 93.0 

40556 Faya mafuta ' [fakara 94.5 

40557 Otakula na Dwana [faura 86.5 

40559 Araa Kikangag~ (faura 88.0 

40560 Raugi mbili Ifaura 92.5 

40561 Kaling'anaula Ifakara 95.0 

40562 Faya Mzinga [faura 84.0 

40564 Mwarabll Ifakara 95.5 

40565 loY' Itakara 84.0 

40566 Supa India Ifakara 83.0 

40568 Pishori MwanZ8 97.5 

40569 Kula na BWllna~ Jflakara 82.0 

40570 Dakawa'83 . lfakara 78.0 

40572 Afaa Mwanz.a If.:ilcara 77.5 

40573 Usini~ Ifakara 66.0 

40574 Sllpa MwanZ8 84.5 

40575 Sup<!. India Dakawa 94.5 

40576 HOlda Ifakara 61.0 

40589 Lac 23 lfakara 88.0 

40590 Yogoyamuchi Bagamoyo 79.5 

40591 ML215 Zanzibar 53.0 

40592 Wabis 18 Ifakara 88.5 

40593 cr 6447-7-1·1-7 Ifabra 83.5 

40594 BKN 3036B Zanzibar 96.0 

40595 Koshinikari Bagamoyo 73.0 

40597 Jaribu 220 Ifakara 67.5 

40598 BKN 3036A Zanzibar 89.5 

40599 Otianung Sen Yu Zanzibar 90.0 

40600 Colombia 25592 Zanzibar. 0.01 

40601 IR 47686-15-1-1 Ifakara 90.5 

40602 SubarmaLi Zanzibar 85.0 

40603 Wabis844 Ifakan 90.5 

40604 TXD 276-4-5-11 Ifakara 92.5 

40605 Mangetsumochi : Bagamoyo 87.0 

40609 IR 13429·2·1-3. _ Ifakara 72.5 
40610 BU 380-2 Irabra 71.5 

seeds were then placed in plastic· trays contain­
ing 230 ppm nitrogen until about 1cm of the fil­
ter paper was covered by the solution. The ni­
troge~ solution was made by dissolving 230 mg 
of urea (H2NCONH2) in 1000 ml of distilled , ,. 
water. Four rice seeds were placed between 
each pair of moistured filter papers. The trays 
with cassettes were incubated in a hunlid cham­
ber and kept in growth rooms at 95-98 % rela­
tive humidity, 250-.30oC and 12 daylight for 10, 
to 14 days. ' 

Genninating .seedlings w~re observed for the 
presence of typical bacterial stripe symptoms 
and other symptoms. The seedlings with symp-
toms were counted and recorde~l. . _ 

. \ 

1.".2 A. avenae 5ubsp .. avenae (0.907) 

15.7 P. agglomeran.~ (O.2TT) 

28.0 P. agglomerans (0.41) 

43.0 A. avenae subsp. avenae, Xanthomonas sp. 
"'1 28.5 A. avenae subsp. avenae (0.869)/ 

13.0 No .padlOgen idemified 
7.5 A;.avenae subsp. 3venae (0.759) 

67.0 A. a, subsp. 3venae (0.869), P. 

agglomerans (0.182) 
35.0 No palhogen identified 
43.5 A. 3. subsp. avenae (0.875), 

Xanthomonas malwphllia (0.769) 
3.0 No palhogen identified 

14.5 A. a. sllbsp. avenae (0.864), X. maltiphilia 
(0.849) 

27.5 S. plYlUlidtica (0.712), P. agglomerans 
(0.698) 

26.0 P. agglomer.U1s (0.423) 
36.0 A. avenae subsp. avenae (0.908) 

38.5 A. avenae subsp. avenae (0.555) 
20.5 No palhogen Identified 
28.0 P. agglomerans. Serratia plymuthica 

(0.619) 

38.5 A. avenae subsp. avenae (0.658) 

27.0 A. avenae subsp. avenae (0.7l9) 

50.0 A. avenae subsp. avenae 

28.5 No palhogenic bacteria detected 
15.0 No padlogen bacteria dereclCd 
26.5 A. avenae sllbsp. avenae (0.693) 
2.0 A. avenae subsp. avenae (0.792) 

·29.0 A. avenae sllbsp. avenae (0.693) 

60.0 A. avenae subsp. avenae (0.824) 
35.0 X. SIIt:ltizia (0.585) 

16.5 No pathogenic bacteria dereclCd 

56.0 A.a. subsp. avenae (0.840), X. maltophilia 

(0.920) 
44.5 A.a. subsp. avenae (0.847), P. putida 

(0.706) 

No pathogenic bacteria dereclCd 
33.0 X. oryzae pv. oryzae (0.895) 
48.5 A. avenae subsp. avenae (0.566) 

45.0 P. agglomenru; (0.516) 

41.0 A. avenae subsp. avenae (0.561) 

0 No pathogenic bacteria detected 

8.0 No pa.thogenic bacteria detct:ted 
5.5 No pathogenic bacteria deteClCd 

Four to five seedlings showing typical bacte­
rial brown stripe symptoms on the coleoptile, 
leaf blade and leaf sheaths were taken for isola­
tiory---Smali areas of the diseased tissue includ­
ing health portions of the neighbouring tissue 
were placed on a flame sterilized glass slide in a 
sterile drop of water. A cover slip was put on a 
drop and the sample was examined for bacterial 
streaming under a compound microscope at 40x 
to 100x magnification. Isolations were made 
from leaf tissues which were positive for bacte­
rial streaming. Cover slips were removed, and 

tl?-e le!lf tissues werf teased apart in a few drops 
of sterile distilled/water using a glass rod and 
left to, stand for 10:-15 minutes to allow the bac-
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74 L.K. Ashura et aI. 

terial cells to move out of the macerated tissues. 
Using a bacterial drop, bacterial suspensions 
were streaked a number of times onto medium 
B (KB) of King et al., (1954) in triplicate. Inoc­
ulated plates were incubated at 25°C to 30°C for 
2 to 3 days. The bacterial colonies were purified 
by a series of single colonies transfer on KB and 
nutrient agar (NA) for further characterization 
(Agarwal et al., 1989). 

For the liquid assay method, three media 
were used for the detection of Xanthomonas 
oryzae pv oryzae, Burkholderia glumae and 
Pseudomonas fuscovaginae. In this method 400 
seeds were ground into course flour using a 
blender and suspended in 200 ml of sterile sa­
line solution for 2 hours. Four ten-fold serial di­
lutions were made in nutrient broth test tubes. 
Aliquots of 0.01 ml of the resulting susp~nsion 
were plated onto rnXos selective mediutn for 
X.o. pv. oryzae, (Di et al., 1991) S-PG se~ se­
lective medium for B. glumae (Tsushima et al., 
1986) and Miyajima's semi-selective medium 
for P. fuscovaginae (Miyajima, 1983). The in­
oculated plates were incubated for 3-5 days at 
28°C. 

Direct plating onto King's medium Band 
Miyajima's selective medium (Miyajima, 1983) 
was done for detection of Pseudomonas 
fuscovaginae as described by Zeigler et al., 
1987. In this assay 200 surface sterilized seeds 
were collected in a cheese cloth and washed in 
running tap water for 4 hours and then dried on 
filter papers. The washed seeds were plated by 
partially embedding them in the King's medium 
Band Miyajima's medium. Twenty five seeds 

'were plated in each petri dish' and incubated at 
27°C for 24-48 hours. The plates were observed 
under Near Ultra Violet (NUV) light (under UV 
lamp) and loopfuls of fluorescing bacterial colo­
nies were transferred to Miyajima's medium or 
nutrient agar an~ incubated for 2 days at 27°C. 

. - ~. I 

Identification of bacterial isolates 

Pure bacterial isolates from the seedlings 
were identified based on colony morphology on' 
NA, pigment production ori KB, Gram ,reaction' 
based on Potassium hydr~xide solubility tests 
(Lelliot and Stead, 1987), oxidase reaction 
(Kovac, 1959, Schaad, 1988: Hildebrand and 
Schroth, '1968), arginine dihydrolase,revan 

production, gelatin hydrolysis, nitrate reduction 
(Fahy and Persley, 1983; Schaad, 1988), to­
bacco hypersensitivity reaction (Klement, 1983) 
pathogenicity tests (Shakya and Chung, 1983, 
Kauffman et al., 1973), and Biolog identifica­
tion system (Biolog, Inc, 1993, Bouchner, 
1989). 

Colonies suspected to be X. oryzae pv 
oryzae were also tested serologically by ELISA 
(Agden Diagnostic system), PCR and pathoge­
nicityon rice seedlings of IR 64 variety. 

Results 

Symptoms of seedlings germinated 
under the slide cassette method 

Results of the percentage of germinated rice 
seed and seedlings with bacterial disease symp­
toms are shown in tables 1 and 2. The germina­
tion percentage of all rice varieties were/ aboye 
50% except accession no. 40600 where only 
two seedlings germinated out of 200 seeds 
which were plated. The percentage of seeds 
with bacterial disease symptoms varied from 0 
for accessions '40600 and 40606 to 67% for ac­
cession no. 40560. 

The symptoms which were observed on the 
seedlings included brown lesions on the coleop­
tile, leaf sheaths and sometimes the stripes ex­
tended to the leaf blades. Yellowing of the 
leaves, stunted seedlings and brown lesions'on 
the leaf tips were also observed. 

Bacteria isolated from seedlings of 
the slide cassette holder methods 

J / 

Out of 4-5 individual seedlings used for the 
isolation of bacteria, 5-8 isoiates were obtained 
depending on the'type df symptoms observed. 
The bacteria:lpathogen~ isolated were mostly 
Acidovorax a~enae subs~. avenae (38 saniples); 
Pa.ntoea agglomeran~ (10 samples) and 
Xanthomonas spp. (5 samples) [Tables'l and 2]. 
No pathogenic bacteria ~as isolated from acces­
sion nos. 40553, 40557, 40561, 40572, 40589, 
40590, 40597, 40600, 40605, 40609 and 
40610.", ", . " 

. . . I, 

In'some instances; Addovorax avenae 
subsp. ~venae was detected in tssociation with 
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other pathogens such as P. agglomerans and 
Xanthomonas spp. The colonies of A. a. sub~. 
avenae were cream to white, raised, entire, cir­
cular and non-fluorescent on KB. The isolates 
gave a strong positive reaction to tobacco and 
pepper plants, 24 hours after inoculation. The 
isolates were also highly pathogenic to rice 
plants giving brown stripe on leaf sheath ex­
tending to the midrib of the leaf. 

Some yellow bacterial isolates which were 
identified by as X. maltophilia were neither 
fermentative nor oxidative positive. They pro­
duced a brown diffusible pigment on KB me­
dium and had a variaple hypersensitive reaction 
on tobacco anti pepper~> However these were not 
pathogenic on rice seedlings using the stem in­
oculation methods. 

Isolates identified as P. agglomerans had 
colonies that were yellow, circula" entire and ' 
fast growing. They were gram-negative and fac­
ultative anaerobes. The suspected colonies gave 
negative results for nitrate reduction, gelatin 
liquefaction and starch hydrolysis. 

Fluorescent isolates isolated by the seedling 
symptom-slide cassette holder method induced a 
hypers~nsitive reaction in pepper only and not 
in tobacco. The Biolog identified them as P. 
putida type A 1. Some of the fluorescent iso-
I d'd' I· ates I not give a hypersensitive reaction to to-
bacco and. p~pper and w~re thus discarded. The 
charactenstlcs of bacteria isolated from rice 

I 
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seed by slide cassett~ holder method are sum-
marised in Table 3. . 

Bacteria isolated using the liquid assay 
method 

No bacterial colonies were recovered' on 
Miyajima's semi-selective medium. 
Phyto-pathogenic bacteria isolated on mXOS 
medium are shown in Table 4. Colonies sus­
pected to be X.o. oryzae were identified based 
on the comparison with typical morphology of 
the reference X.O. oryzae. The isolated colo­
nies were mucoid and yellow on NBY medium. 
All the tested isolates were oxidase negative for 
oxidative metabolism of glucose (Table 4). 
Twelve isolates were identified as X.O. pv. 
oryzae F by BioJog and three were identified as 
X. campestris pv. dieffenbachiae. In addition, 
these bacterial isolates induced a hypersensitive 
reaction in pepper and a few in,tobacco as well. 
Pathogenicity test by 'clip' inoculation of IR 64 
seedlings produced water-soaked lesions on the 
clipped end and yellow discoloration which ex­
tended downwards. 

On S-PG medium bacterial isolates were 
recovere from accession no. 40555 (Variety 
Mbawa Mbili). These had a biochemical reac­
tion similar to B. glumae reference isolate. Col­
onies of B. glumaeisolates on S-PG medium 
closely resembled type B colonies. They pro-
duced a non-fluorescent yellowish-green 

Table 3: Selected bioch~hncal characteristics of the bacterial strains identified using seedling symptoms slide 
cassette-holder method 

.............. ! '. I 

Fluorel ::;:!;,Bi~J;;g-id;;~lit~/ 
pies ~ colour 

__. !'iIlmenl 

38 "'iA:~~;;;';;~-~bs' avenae 
10 r P. agglomeraJ.s 
2 P. dispersa / 
I C. acidovordru 
3 X. ma/tophilia 

P "/corrugaJQ 
S. plymJllhica 
X. camptstris pv 
strelitizia 
P. puJida type A, 
X, o. pv oryzae 

I 

·/white 
-/yellow 
-/yellow 
-/white 
-/yellow 
-/white 
-/white 
-/yellow 

+/white 
-/yellow 

Biocbemical 
...................................................... _.-

NR······················ ···GL·····SH······ ······LS·················HR···- ·························P~·;h~~--·~~ Kovac's 
oxidase 

OIF 

......................................................... _ ...... 
+ +1- + 

+1+ + 
+1+ + 

+ +1-
-1- + 

+ -1- + 
+ +1- + 

+1- + 

+ +1- + 
+1- + 

+ 

+ 

+ 
'-

+ 
+ + 

TIP 

+1+ 
+1+ 
+ 
+1+ 
+1+ 
+1-
+1-
·1+ 

-1+ 
+1+ 

+ 
+ 

+ 

~IF = OxidaselFerrnenlative, ~~-.Nitrate ,reduction, GL = Gelatine liquefaction, SH-slarch hydrolysis, LS = Levan production 
om sucrose, HR = Hypersensl,tlVlty reactIOn, TIP = TobaccolPepper, Pathog = Pathogenesis/ 
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76 L.K. Ashura et aI. 

Table 4: Selected morphological and biochemical characteristics of bacteria isolates from rice seed as de-
tected by the Liquid Assay on mXOS. 

Ace. No.1 Fluorescentl Kovac's OIF NR GL SH LS HR Pstho Diolog Identification 
lsolale(s) Colour of· Oxidase TIP g on (Similarity) I 

Pigment Rice -' 405551. -/yellow +1- + + -1+ + X.O. pv. oryzae F(0.790) 
405551b -/yellow +1- + + +1+ + X.o."pv. oryzae F(0.847) 
40555/c -/yellow +1- + + +1+ + X.O. pv. oryzae F(0.887) 
40555/g -/yellow +1- , + + +1+ X.C. pv. dieffenbachiae (0.882) 
40562/b -/yellow +I- + .+ -1+ + X.O. pv. oryzae (0.784). 
40562/c -/yellow +1- + + -1+ + X.c.' pv. dieffenbachiae (0.867) 
40562/e -/yellow +1- + + -1+ .+ X.O. pv. oryzae (0.367) 
40562/j . -/yellow +1- + + -1+ + X.O. pv. oryzae (0.533) 
40566/c -/yellow +1- + .+ -1+ + X.O. pv. oryzae (0.886) 
405671b -/yellow +1- . + -1+ No identification 
40567/d -/yellow +1- + -1+ X.o. pv. oryzae F(0.442) 
40567/h -/yellow +1- + + -1+. No identification 
4056711 ,Iyellow +1- + + -1+ No identification 
40587/2 -/yellow +1- + .+ -1+ + X.o. pv. oryzae F(0.327) 
40587/3 -/yellow +1- + + -1+ + x.o. pv. oryzae F(0.648) 
40587/5 -/yellow +1- + + -1+ + X.o. pv. oryzae F(0.687) 
40587/6 -/yellow +1- + + -1+ X.o. pv. oryzae (0.51l) 
40587/8 -/yellow +1- + + -1+. X.C. pv. dieffenbachiae (0.839) 
Ref. X.o.o. -/yellow +1- + + +1+ + X.o. pv. oryzae (0.763) 

OfF = Oxidase/Fermentative; NR' = Nitrate Reduction: GL = Gelatine Liquefaction; SH = Starch Hydrolase; LS = 
Levan from Sucrose; HR = Hypersensitive Reactioo; T/P = Tobacco/Pepper; Paths. = Pathogenicity '. . ~. . - . 

Table 5: Selected morphological and biological characteristics of bacteria isolated from. rice seed as by the 
Liquid Assay on S-PG Selective Medium 

Ace. No.1 Iso- ' Fluorescentl Col- Kovac 01 NR GL SH LS H ·R Pstbog on Biolog Identifies-
lale(s) our of Pigment 5 F TIP Rice tiOD 

Oxids (Similarity) 
se 

405551., -/white +1 + + nd nd +1+ + No identification 

405551b, ,Iwhite +1 .+ + nd 'nd +1+ + No identification 

40555/c, -/white +1 + + nd nd +1.+ t No identi fication 

40555/d, -/white +1 + + nd nd. +1+ + Burkholderia gladi-
oli (0.685) 

405551f, -/white +1 + +1+ + A. Qvenae subsp. 
avenae (0.658) 

. 40562/4 -/white + + I + +1+ + A. Qvenae subsp. 
avenae (0.733) 

40562/8 -/white + +1" + +1+ + A. avenae~subsp. 
avenae (0.864) 

40566/C ,Iwhite + +1 + +1+ + A. avenae subsp. 
avenae (0.759) 

40587/d -/white + +1 +. +1+ + A. avenae subsp. 
avenae (0.564) / 

/ 
I "/ 

OtF=OxidelFermentive; NR = Nitrate Reaction; GL = Gelatine Liquefaction; SH = Starch Hydrolysis; HR = Hypersensitive Reac-
tion; T /P = Tobacco/Papper; Pathog = Pathogenicity; ND = Not done. 
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Table 6: Selected morphological and biochemical characteristics of bacteria isolates from rice seed as de-
tected by_Direct Planting·Technique on Mayajima's semi selective_medium 

Ace. No.1 Auorescentl Kovac's OIF " "NR GL' SH -LS • AD 2·Keto HRT/P' P/R Biolog Idc:nti-

lsolab:(s) Colour or Pig- , Oxidase , , Glue. fieation-

mcol (Si~i1a[il;) 
4OS9OI. +/\\"hJtc .' ~ ,+1- + + ' ./+ " No identifica-

tion 

40S9OId -/white .... +1- -1+ No identHica-

-, tion 

4OS9J/. -Iyellow + +1- + +1+ + No ideritifica-
-rlon 

40S9J/b +/wbitc + +1- + ~+ P. pulida type 

AI (0.S77) 

4QS93/c +/whitc +. +1- + -/+ P. putida Iype 

,', AI (O.SI7) 

Kerp. +/whitc +. +1- ,+' !' - +. '+." 71+ 
,. + P. 

fuscovaginae fuscovaginac 
: (0.79) 

OfF = OdidaselFennentative; NR = Nitrate Reduction; GI.; =.Gelatine Liquefaction; SH = Starch Hydrolysis; LS = Levan from Su­
crose; AD = Arginine Dihydrolas~; 2-!<.eto Gluc. ~ 2-~eto Gluconate; HR = Hypersensitive Reaction; T /P = Tobacco/Pepper; P/R 
= Pathogenicity on Rice . 

were also isolated from S-PG medium and were 
clearly identified by Biolog with high si,milarity 
values, Their colonies were cream white, circu­
lar, entire, smooth and raised with biochemical 
profile typical oftti~ species (Table 5)._ 

Bacteria isolated using the direct 
plating method . 

,; '. 
No pathogenic bacteria was'isolated-from 

seeds directly plated ·on KB medium. Instead; a 
lot of fungi and non-pathogenic bacteria (flu'6~ 
rescent and l\on-fluorescent) grew on the me­
dium. Out of B samples tested, bacteria iso­
lates which induced Hyper sensitive reaction 
(HR) were isolated from accessions nos. 40590 
and 40593 plated onto Miyajima's agar me­
dium. Three isolates were fluorescing apd were 
identi(ied as P. putida type A 1. One whitish 

isolate was identified as A.a. avenae 
while; a yellow n~n~fermentativ~ .iso~ate 
was not identified: '. - -.~' 

Pskudomonas· reference isolate was:positive 
for 2-Retoglu,conate production. The positive ree 

action twas also given by one isolate from 'acces~, 
sion no. 40590. The·other fluorescent isolates T - • - ." . 

gave negative results (Table 6). 
I ./ 

Discussion 

Several bacterial pathogens were isolated 
and id~ntified by usin{morphologicar charac­
teristics;' bioch~rr{i·caUndsercilogtcal.tests as 

j' . t,'.-' - of 

well as by Biolog identi~cation system .. , ,.,' 

Seeds of ten varieties viz. Kihogo red, Afaa 
Mwanza, Chakula na Bwana, -Kaling'aula, Lac 
23, Yogoyamochi, Iaribu 220, Mangetsumochi, 
Mutarit No.8, IR 13429~2-1-3 were found to be 

~ .I . • 

free of pathogenic bacteria. 
Acidovorax avenae subsp. avenae was de­

tected in 63% of the seed samples. The A:a. 
subsp. avenae isolates had biochemical profile 
typical or the type species.- The colony mor­
pho~ogy of all the -isolates were similar to that 
~f the reference isolate and Biolog identification 
gave high siQlilarity indices. Simiiar results 
have been reported by Cottyn etal., (1996).' -

. Detection ~nd identification A.a. subsp. 
Avenae in most of the seed samples, indicated 
that this pathogen may be wide!y distributed in 
T<!llzania. The pathogen has been shown to have 
a wide distribution in other countries (Shakya et 

_ al., 1985; Shalcya & Chung, 1985): Presence of 
A:-lli subsp. avenae ip. the tested s~mples indi­
c:ates the importance of _de~ignil!g ·measures to 
cQntrol th,is pathogen which affect seedling vig­
our. Most of the farmers in Tanzania retain 
seed from the previous for planting the next 
season. In addition, .the bacterium can survive 
in rice seed up to 8 years at 5°C (Shakya et al., 
1985)-. This means that the disease can spread' 
very'fasLif control measures are not taken. 
" :Effective control of brown stripe can be 

achieved by the use of pathogen-free rice seeds, 
hot~air treatment (Zeigler et al., _1987) and the 
use oLresistant varieties. A lthough some 
bactericides such as Kasugamycinhave been 

I 

used to control brown stripe in rice (Kadota & 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



78 L.K.· Ashura et aJ. 

Ohuchi, 1990), such an approach may prove to 
be very expensive for the resource poor faimers 
in Tanzania. The us~ of chemicals is also lim­
ited by the risk of environmental pollution and 
an increase in production cost especially for 
small-holder farmers. 

Pantoea agglomerans was detected in 10 out 
of sixty rice samples, especially those infected 
with A.a subsp. avenae. This pathogen is 
know~ to affect grain quality by causing grain 
(palea) discolouration and reducing 1000-seed 
weight (Azegami et al., 1983). Isolates sus­
pected to be P. agglomerans induced a strong 
hypersensitive reaction .to·tobacco and pepper 
seedlings. -These facultative anaerobes were 
oxidase negative, did not reduce nitrate and did 
not hydrolyse starch. However, the pathogenic:­
ity test on rice by stem inoculation- produced a 
weak reaction. T1!is is the first repo~t of P. 
agglomerclns in rice seeds in Tanzania. Th'e 
pathogen was firsi reported in Japan by 
Azegarni et al., (1983). . ., 

About 30 isolates from 5 samples isolated by 
liquid assay were classified in the genus 
Xanthomonas. Besides, 3 isolates detected by 
slide cassetttt-holder method also belonged to 
this genus. Based on ELISA resuit~; morpho­
logical characters, biochemical profile and 
Biolog ideritification, the 30 isolates were all. 
Xo.pv. Oryzae. Colonies of isolates identified 
as X.-o. pv.· oryzae'and of the reference bacte­
rium on NBY, were yellow and mucoid as ex­
pected: They were, however, positive for starch 
hydrolysis, which contradicts results reporied 
by Bradbury, 1986. On the other hand, Vera 
Cruz et al., (1984) reported ·positive starch hy­
drolysis from {(.o. pv. oryzae isolates'-Further 
studies are needed to confirm -the-presence of 
Xo. pv. oryzae in rice seed samples from Tari.~ 
zania. 

Burkholderia glumae was .isolated from var. 
Mbawa Mbili. The morphological and biochem­
ical characteristics of these. isolates conformed 
to the features of the species based on tlie refe'r­
ence bacterium. The detection of B.'glumae. in 
Tanzania rice samples is a threat to rice produc­
ti"n in the country. The pathogen causes both 
seedting and grain rot :andits presence in the" 
seeds should be a major concern, especially in 
areas where direct seediIig is practised.,. . ".; 

The isolates obtained from accessions 40590 
. and 40593, were identified as Pseudomonas 
putida Type Al by Biolog, which is a fluores­
cent pseudomonad known to multiply in the 
rhizosphere of paddy rice plants and has been 
implicated in 'suffocation disease'. The disease 
arises under conditions of poor drainage 
(Bradbury, 1986). 

. The variety Moawa mbili (acc. 40555), 
which was obtained from a farmer's store at . 
Ifakara "Yas infected by most of the detected 
seed-borne pathogens. The pathogens isolated 
from this variety were A.a. subsp. avenae, B. 
glumae and X.o. ,pv ... oryzae. The farmer is 
likely to plant the same seeds the following 
year, thus further multiplying the pathogens., 
Efforts should be made to give simple recom­
mendations to the farmers on 'the importance of 
using healthy seeds when est,ablishing ~ new 
crop:',' --. . . 

Results from this study indicate thai fuere is 
a strong' need to establish seedce'rt(fication 
programmes in the country to ensure that certi­
fied rice seeds are available for farmers. 

Indeed in Tanzania, there is a need to take 
precautionary control measures, inclu'ding the 
use.of resistant· varieties and cultural practices, 
such as elimination of volunteer plants and 
weed hosts b.etween crops. Apart from. Qlat, se­
lection of disease-free seeds and restriction of 
movement .of sef:!ds from one area to an~ther to 
limit the spread of the disease should be encour-
q~. ..' 

t ., '.; ~ . -. 

- / 

. The authors sincerely thank DANIDA for fi::' 
nanciai support. Sintere gratitude to Ms Tina 

I 

Dahl Devitt and Ms Hanne Nielsen of the Dan-. , 
ish Government Insti~te of-Seed Pathology for 
Developing Countries for technical assistance 
given during the courlse of study: Many' thanks, 
to MsV .,Zakaria fbr careful:typingof the 
manuscript. \. . ' 

i 

References I 

Agarwal, P.e. Mortensen, C.N. and,Mathur,·S.B.'1989. 
Seed-borne Diseases and seed health testing of RiCe .. 
Technical Bulletin No.3. DanishoinstiiUteof Seed Pa-. 
thology for Developi~g Couniries arid CABInte~na-
tional Phytopa~ologicaJ PaPerNo. 3. - ~ . . 

,,'"< . 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



Azegami , K. Ozaka, K. Matsuda, A. Ohata, K. 1983. Bac­
terial palea browning, a new disease of rice caused by 
Erwinia herbicola. (In Japanese; English abs!.). gull. 
Natl. Inst. Agric. Sci. Ser. C. 

Azegami , K. Nishiyama, K. and Kato, H. 1987. Growth of 
Pseudomanas plantarii, and production of tropolone 
and proteins under limited iron deficiency. Ann. 
Phytopathol. Soc. Jpn. 53:411-412. 

Biolog, Inc. 1993. Bacteria and yeast identification system. 
Biolog, Inc. Hayward, California. 

Bradbury,1.F. 1986. Guide to Pathogenic Bacteria. CAB 
In!. Mycological Ins!., Kew, England. 

Bouchner, B.R. 1989. Sorting out bacterial identities. Na­
ture 339: 157-158. 

Cottyn, B. van Outry, M.F. Cerez, M.T. De Cleene, M. 
Swing, J. and Mew, T.W. 1996. Bacterial Diseases of 
Rice Associated with sheath Rot complex and Grain' 
Discoloration of rice of"rice in the Philippines. Plant 
Disease 80: 438-444. 

Di, M. Huazhi, Y. Schaad N.W. and Roth, D.A. 1991. Se­
lective recovery of Xanthomanas spp. from Rice seed. 
Phytopathology 81: 1358-1363. 

Fahy, P.C. and Persley, GJ. 1983. Plant Diseases, a Diag-
nostic Guide. Academic Press. 393 pp. 

Hildebrand, D.C. and Schroth, M.N. 1968. Removal of 
pseudomonads from plant leaves and measurement of 
their in vivo (3-glucosidase synthesis. Phytopathology 
58:354-358. 

Jaunet, T., Lagnerre, G. Lemanceau, P. Frutos, R. and 
Notteghem, 1.L. 1995. Diversity of Pseudomonas 
fuscovaginae and other fluorescent Pseudomonas iso­
lated from diseased rice. Phytopathology 85: 
1534-1541. 

Kadota, I. and Ohuchi, A. 1990. Symptoms of bacterial 
brown stripe of rice seedlings in the nursery boxes. 
Ann. of Phytopathol. Soc. Japan 49: 561-564. 

Kauffman, H.E. Reddy, A.P.K. Hsieh S.P.Y. and Merca, 
S.D. 1973. An improved technique for evaluating resis­
tance of rice varieties to X. oryzae. Plant Disease Re­
porter 57: 537 -541. 

King, E.O., Ward, M.K. and Raney, D.E. 1954. Two sim­
ple media for the demonstration of pyocyamin and 
fluorescin. J. Lab. Clin. Med. 44: 301-307. 

Klement, Z. 1983. Detection of seedborne bacteria by hy­
persensitive reaction. Seed Sci. and Technol. 11: 
589~593. 

Seed-borne pathogenic bacteria 79 

Kovac, N. 1959. Identification of Pseudomanas pyocyanae 
by the oxidase: reaction. Nature 178: 703. 

Lelliot,RA. and Stead, D.E. 1987. Methods for the diag­
nosis of Bacterial diseases of Plants. Blackwell scien­
tific publications. William clowes Limited. London. 

Miyajima, K. Tanii, A.A. and Akita, A. 1983. Pseudomo­
nas juscovaginae sp nov. ver. In!. 1. Sys!. Bacteriology 
33: 656-657. 

Rott, P. Nottegham, J.L. and Frossard, P. 1989. Identifica­
tion and characterization of 

Pseudomonas fuscovaginae, the causal agent of Bacterial 
sheath rot of rice, from Madagascar and other coun­
tries. Plant Disease 73: 133-137. 

Schaad, N.W. 1988. Laboratory guide for identification of 
plant pathogenic Bacteria. 2nd edition. American 
Phytopathological Society. S!. Paul, 164 pp. 

Shakya, D. Vinther, F. and Mathur, S. 1985. Worldwide 
distribution of a bacterial stripe pathogen of rice identi­
fied as Pseudomonas avenae. Phytopathol. Z. 111: 
256-259. 

Shakya, D.D. and Chung, H.S. 1985. Pseudomanas avenae 
causing bacterial Brown stripe of rice in Korea. Korean 

. J. Plan!. Patho\. 1(1):38-43. 
Shakya, D.D. and Chung, H.S. 1983. Detection of Pseudo­

monas avenae in rice seed. Seed Science and Technol­
ogy 11: 1139-1143. 

Tsushima, S. Wakimoto, S. and Mogi, S. 1986. Selective 
medium for detecting Pseudomanas glumae. Kurita and 
Tabei, the causal bacterium of grain rot of rice. Ann. 
Phytopatho\' Soc. Japan 52: 253-259. 

Vera Cruz, C.M., Gosselle, F. Kersters, K. Segers, P. van 
den mooter, M. Swing J. and De Ley, 1. 1984. Differ­
entiation between Xanthomanas campestris pv oryzicola 
and the bacterial "brown blotch" pathogen on rice by 
numerical analysis of phenotypic features and protein 
gel electrophore.grams. 1. Gen. Microbiol. 130: 
2983-2999. 

Zeigler, R.S., Aricapa, G. and Hoyos, H. 1987. Distribu­
tion of fluorescent Pseudomonas spp. causing grain 
sheath discolouration of Latin America. Plant Disease 
71: 896-900. 

Zeigler, R.S. and Alvarez, E. 1990. Characteristics of 
Pseudomonas spp. causing grain discoloration and 
shealth rot of rice, and associated Pseudomonas 
epiphytes. Plant Disease 74: 917-922. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)




