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ABSTRACT                       Pot experiments were carried out during successive winter season of 2010/2011 
in the greenhouse conditions at the Department of Agricultural Botany, Faculty of Agriculture, 
Kafrelsheikh University. The aim of this study was designed to investigate the effect of two 
treatments of bacterial endophytes strains Azotobacter chrocoocum (E1) and Pseudomonas 
fluorescens. (E2) individually whether as grains soaking and foliar application on anatomical 
features of two wheat plants (Triticum aestivum L.) cultivars (Sakha 93 and Gmiza 9) grown 
under three levels of irrigation water deficit stress (drought) 75, 50 and 25% field capacity (FC). 
Wheat stem and flag leaf anatomical parameters were take into account were vascular bundle 
dimensions, xylem vessel diameters as well as epidermis tissue thickness. Moreover, mesophyll 
tissue thickness values in flag leaf were calculated. The obtained results that, irrigation water 
deficit levels (75, 50 and 25% FC) treatments decreased revealed the values of the anatomical 
parameters such as thickness of epidermis, ground, mesophyll and phloem tissues, diameter of 
xylem vessel, and dimensions of vascular bundles of the tested wheat cultivars. While, treating 
wheat plants with Azotobacter chrocoocum (E1) and Pseudomonas sp. (E2) significantly increased 
the values of the tested anatomical characters. This study suggests that the effects of the tested 
bacterial endophytes treatments act as protective factors against irrigation water deficit and 
can improve water bio-productivity. Acta Biol Szeged 56(2):165-174 (2012)
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Material and Methods

Source of wheat cultivars and microorganisms

Grains treatments

Wheat plant spraying

Pots, soil preparation and grains wheat planting

Table 1. Epidermis, xylem vessels diameter, phloem thickness, vascular bundle thickness, vascular bundle width and ground tissue 
thickness of wheat cultivars Gmiza 9 and Sakha 93 stems as affected by different levels of irrigation water deficit and different two 
bacterial endophytes and their interactions.

E1 = Azotobacter chrocoocum E2 = P.  fluorescens  Gs = Grains soaking  Sp = foliar application. Control  = 100 % field capacity, W1 = 75% field capacity, W2 = 50 % field 
capacity, W3 = 25 % field capacity. Values within the same vertical areas with the same letter are not significantly different at 5% probability level by Duncan’s 
Multiple Rage Test.

Treatments Sakha 93 Gmiza 9
Epider-
mis t. 
thick
µm

X. vess. 
diam-
eter µm

Phloem 
thick-
ness 
µm

Inner V. B. dimen-
sion

Ground 
tissue 
µm

Epi-
dermis 
t. 
thick.
µm

X. vess. 
diam-
eter 
µm

Phloem 
thick-
ness 
µm

Inner V. B. dimen-
sion

Ground 
tissue 
µmV. B.

 thic. 
µm

V. B. 
width 
µm

V. B. 
thic. µm

V. B. 
width 
µm

Control

E 1 Gs
E 1 Sp
E 2 Gs
E 2 Sp

W 1
W 1 + E 1 Gs
W 1 + E 1 Sp
W 1 + E2 Gs
W 1 + E 2 Sp

W 2
W 2 + E1 Gs
W 2 + E1 Sp
W 2 + E 2 Gs
W 2 + E 2 Sp

W 3
W 3 + E 1 Gs
W 3 + E 1 Sp
W 3 + Et 2 Gs
W 3 + E 2 Sp

5.83CDE

9.17A

7.50ABC

7.50ABC

8.33AB

5.00DE

7.50ABC

8.33AB

9.17A

7.50ABC

6.67BC

7.50ABC

7.50ABC

7.50ABC

7.50ABC

4.58E

7.50ABC

6.25CD

7.08BC

6.67BC

14.17IJ

30.00A

25.83BC

26.67B

25.00BCD

15.83HI

21.67FG

22.50EFG

20.83G

16.67H

13.33J

22.50EFG

21.67FG

22.50EFG

24.17CDE

12.08J

24.17CDE

23.33DEF

25.00BCD

22.08EFG

16.25F

20.83BC

16.67F

20.83BC

24.17A

12.08G

16.67F

17.50EF

20.83BC

18.33DEF

13.75G

20.00BCD

21.67B

18.33DEF

19.17CDE

12.08G

19.17CDE

17.50EF

20.00BCD

18.33DEF

61.67CD

66.67B

62.50C

75.83A

69.17B

48.33H

58.33CF

55.83FG

58.33EF

57.50EFG

43.33I

55.00G

60.83CDE

59.17DE

58.33EF

42.50I

60.83CDE

60.83CDE

57.50EFG

57.50EFG

72.50E

103.33A

75.00E

91.67B

86.67C

54.17FG

73.33E

79.17D

86.67C

56.67F

47.50H

72.50E

83.33C

86.67C

74.17E

43.33I

54.17FG

55.00F

55.83F

50.83G

180.00H

306.67B

266.67D

326.67A

266.67D

170.00HI

246.67E

236.67EF

293.33C

290.00C

166.67I

243.33E

243.33E

236.67EF

240.00EF

153.33J

233.33EF

226.67FG

233.33EF

220.00G

7.50A

7.50A

7.50A

7.50A

7.50A

5.83B

7.50A

7.50A

5.42B

6.67AB

5.83B

7.50A

6.67AB

6.67AB

7.50A

4.17C

7.50A

7.50A

7.50A

7.50A

13.58EFG

18.33A

17.08A

16.67ABC

16.67ABC

11.25HI

14.58CDE

15.83BCD

16.67ABC

14.58CDE

11.25HI

14.17DEF

12.50E-H

14.17DEF

12.50E-H

10.00I

13.33E-H

12.08F-I

11.67GHI

13.33E-H

14.58CD

19.58A

19.17A

18.33AB

19.17A

12.08EF

15.83CD

18.33AB

15.42CD

16.67BC

10.83F

14.17DE

15.00CD

16.25BCD

14.17DE

10.83F

16.67BC

18.33AB

18.33AB

16.67BC

49.17FG

60.83C

65.83A

58.33CD

65.00AB

54.83G

55.83DE

50.83F

50.83F

63.33AB

39.17H

57.50CD

61.67BC

51.67EF

55.83DE

35.83H

58.33CD

60.83BC

58.33CD

55.83DE

44.17H

59.17CD

68.33A

60.83BC

60.83BC

43.33H

59.17CD

59.17CD

58.33CDE

55.83EF

41.67HI

58.33CDE

55.83EF

50.83G

62.50B

39.58I

51.67G

50.83G

53.33FG

57.50DE

220.83FGH

223.33FGH

224.17FGH

220.00GH

220.83FGH

196.67J

243.33CD

260.00B

240.00CDE

260.00B

180.00K

246.67C

230.00EFG

213.33HI

343.33A

163.33L

226.67FG

233.33DEF

226.67FG

206.67IJ



Anatomical structure

Experimental design and statistical analysis 

Results and Discussion

Stem anatomy

Figure 1. Transverse sections through the wheat cultivar Sakha 93 
stem (stained with safranin and light green) as affected by the ap-
plication of different levels of irrigation water deficit. A- Control,                             
B- The mild irrigation water deficit level (75 % FC), C- the second 
irrigation water deficit level (50 % FC), D- The severe irrigation water 
deficit level (25 % FC). Ct: Cuticle, BS: Bundle sheath,  Xt-:Xylem tissue, 
Pht: Phloem tissue,  Gt: Ground tissue, E: Epidermis.

Figure 2. Transverse sections through the wheat cultivar Gmiza 9 
stem (stained with safranin and light green) as affected by the ap-
plication of different levels of irrigation water deficit. A- Control,                                      
B- The mild irrigation water deficit level (75 % FC), C- The second 
irrigation water deficit level (50 % FC), D- The sever irrigation water 
deficit level (25 % FC). Ct: Cuticle, BS: Bundle sheath,  Xt-:Xylem tissue, 
Pht: Phloem tissue,  Gt: Ground tissue,  E: Epidermis.



Figure 3. Transverse sections through the wheat cultivar Sakha 93 stem 
(stained with safranin and light green) as affected by the grains soak-
ing application of two bacterial endophytes A.chroccoocum (E1) and 
P.  fluorescens (E2). A- Control, B- A chrocoocum (E1), C- P.  fluorescens 
(E2). Ct: Cuticle, BS: Bundle sheath,  Xt-:Xylem tissue, Pht: Phloem tis-
sue, Gt: Ground tissue, E: Epidermis.

Figure 4. Transverse sections through the wheat cultivar Gmiza 9 stem 
(stained with safranin and light green) as affected by the grains soak-
ing application of two bacterial endophytes A. chrocoocum (E1) and P.  
fluorescens (E2). A- Control, B- A. chrocoocum (E1), C- P.  fluorescens 
(E2). Ct: Cuticle, BS: Bundle sheath, Xt-:Xylem tissue, Pht: Phloem tissue,  
Gt: Ground tissue, E: Epidermis.



Leaf anatomy

Table 2. Xylem vessels (X.vess.) diameter, phloem thickness, vascular bundle (VB) thickness, vascular bundle width, mesophyll thick-
ness and upper epidermis thickness of wheat cultivars Gmiza 9 and Sakha 93 flag leaf as affected by different levels of irrigation 
water deficit and different two bacterial endophytes and their interactions.

E1 = A.  chrocoocum E2 = P.  fluorescens  Gs = Grains soaking  Sp = foliar application   Control  = 100 % field capacity. W1 = 75% field capacity,  W2 = 50 % field capac-
ity, W3 = 25 % field capacity. Values within the same vertical areas with the same letter are not significantly different at 5% probability level by Duncan’s Multiple 
Rage Test.

Treatments Sakha 93 Gmiza 9
X. vess. 
diam-
eter µm

Phloem 
thickness 
µm

V. B. dimension Mesophyll
thickness  
µm

X. vess. 
diameter 
µm

Phloem 
thickness 
µm

V. B. dimension Mesophyll
thickness  
µmV. B. 

thick-
ness µm

V. B. 
width 
µm

V. B. 
thickness 
µm

V. B. width 
µm

Control

E 1 GS
E 1 Sp
E 2 GS
E 2 Sp

W 1
W 1 + E 1 GS
W 1 + E 1 Sp
W 1 + E2 GS
W 1 + E 2 Sp

W 2
W 2 + E1 GS
W 2 + E1 Sp
W 2 + E 2 GS
W 2 + E 2 Sp

W 3
W 3 + E 1 GS
W 3 + E 1 Sp
W 3 + E 2 GS
W 3 + E 2 Sp

17.67CD

21.67A

21.33A

22.00A

20.00AB

16.33D

20.33AB

20.00AB

21.67A

20.33AB

14.33E

17.67CD

17.67CD

18.67BC

18.00CD

14.33E

16.67CD

17.67CD

18.67BC

18.33BCD

13.67FG

22.50A

16.67CD

21.50A

19.17B

11.33HI

16.67CD

16.67CD

17.33C

16.50CD

10.00IJ

13.83FG

14.67EF

15.5DE

13.67FG

9.33J

13.00FG

13.00FG

14.00EFG

12.33GH

74.17HIJ

82.50E

71.67IJK

74.50HI

75.67GH

69.17K

92.50CD

92.50CD

106.67A

79.17EF

74.17HIJ

90.00D

89.17D

78.33FG

95.83BC

68.33K

70.83JK

96.67B

68.33K

82.50E

73.17GH

90.83D

95.83BC

93.33CD

105.83A

71.33H

104.17A

105.17A

99.00B

82.50E

69.00H

89.00D

82.67E

81.67E

80.50EF

70.83H

84.17E

81.00EF

76.67FG

84.33E

100.17C

109.83B

92.33D

113.50AB

115.33A

93.00D

109.33B

92.50D

111.50AB

109.17B

69.50I

97.33C

83.33FG

88.33DE

88.67DE

63.00J

85.83EF

80.67G

81.67FG

75.67H

24.17BC

27.00A

25.33AB

26.33A

24.33BC

20.00F-I

22.33CDE

22.00DEF

23.00CD

21.67D-G

17.67JK

19.67G-J

20.67E-H

20.00F-I

20.67E-H

16.33K

18.67HIJ

18.33IJ

19.67G-J

20.00F-I

23.33BC

24.67AB

24.33AB

26.33A

24.33AB

17.33EF

19.33DE

19.67D

22.00C

19.33DE

16.00FG

19.00DE

18.67DE

17.67DEF

18.33DE

14.67G

18.67DE

18.00DEF

19.67D

17.67DEF

76.67B-E

79.33A

75.50DEF

79.67A

75.67C-F

71.33G

80.00A

75.67C-F

79.00AB

79.33A

71.00G

78.00ABC

77.67A-D

78.50AB

74.67EF

70.33G

74.83EF

73.67F

75.33DEF

73.67F

73.33DE

77.67B

75.67BCD

78.00B

74.33CDE

70.00F

81.00A

76.33BC

80.67A

75.67BCD

67.33G

75.67BCD

74.00CDE

77.67B

73.67CDE

65.00G

73.67CDE

71.67EF

75.33BCD

70.33F

87.00DE

95.33AB

93.67AB

95.67A

93.33B

84.67EF

89.00CD

89.00CD

89.67C

86.67DE

81.67GH

86.67DE

84.67EF

86.33E

83.00FG

72.00I

84.00F

80.67H

83.67FG

80.00H



Figure 5. Transverse sections through the wheat cultivar Sakha 93 flag 
leaf (stained with safranin and light green) as affected by the applica-
tion of different levels of irrigation water deficit stress. A- Control,                                     
B- The mild irrigation water deficit level (75 % FC), C- The second 
irrigation water deficit level (50 % FC),  D- The sever irrigation water 
deficit level (25 % FC). UE- Upper epidermis, LE- Lower epidermis,         
CT- Cuticle, BS- Bundle sheath, Mt- Mesophyll tissue, Xt- Xylem tissue       
Pht- Phloem tissue, Mc- Motor cell.

Figure 6. Transverse sections through the wheat cultivar Gmiza 9 flag 
leaf (stained with safranin and light green) as affected by the applica-
tion of different levels of irrigation water deficit stress. A- Control, 
B- The mild irrigation water deficit level (75 % FC), C- The second 
irrigation water deficit level (50 % FC), D- The sever irrigation water 
deficit level (25 % FC). UE: Upper epidermis, LE: Lower epidermis, CT: 
Cuticle, BS: Bundle sheath, Mt; Mesophyll tissue, Xt: Xylem tissue, Pht: 
Phloem tissue. 

E1 = A.  chrocoocum E2 = P.  fluorescens   Gs = Grains soaking  Sp = foliar application   Control  = 100 % field capacity. W1 = 75% field capacity  W2 = 50 % field capac-
ity    W3 = 25 % field capacity. Values within the same vertical areas with the same letter are not significantly different at 5% probability level by Duncan’s Multiple 
Rage Test.

Treatments Sakha 93 Gmiza 9
Upper 
epidermis µm 

Lower
epidermis µm

Upper
 cuticle  µm

Lower
 cuticle µm 

Upper
 epidermis µm 

Lower 
epidermis µm

Upper cu-
ticle µm

Lower cuticle 
µm 

Control

E 1 GS
E 1 Sp
E 2 GS
E 2 Sp

W 1
W 1 + E 1 GS
W 1 + E 1 Sp
W 1 + E2 GS
W 1 + E 2 Sp

W 2
W 2 + E1 GS
W 2 + E1 Sp
W 2 + E 2 GS
W 2 + E 2 Sp

W 3
W 3 + E 1 GS
W 3 + E 1 Sp
W 3 + E 2 GS
W 3 + E 2 Sp

10.50D-G

13.00A

12.17ABC

12.10ABC

11.67BCD

9.50GH

12.00ABC

11.33B-E

11.83ABC

11.50B-E

7.67I

12.13ABC

10.33E-H

10.83C-F

12.33AB

6.83I

11.67BCD

10.83C-F

9.17H

9.83FGH

11.50GH

13.67A

12.83BC

12.67BCD

13.00AB

11.17H

12.83BC

12.50B-E

13.00AB

12.17C-G

9.83I

11.83E-H

12.00D-G

12.33B-F

11.83EIH

9.17J

11.83E-H

11.67FGH

12.33B-F

11.83E-H

6.07D

8.50A

8.50A

8.20AB

8.10AB

6.11D

8.17AB

7.83ABC

7.83ABC

7.97ABC

6.10D

8.43A

7.83ABC

8.33AB

7.67BC

6.06D

7.67BC

7.33C

8.17AB

7.83ABC

5.17L

7.33A

6.83A-D

6.67B-E

5.33KL

6.27E-H

7.10AB

7.00ABC

6.83A-D

6.50C-F

5.90HI

6.53C-F

6.40D-G

6.83A-D

7.00ABC

5.40KL

6.17FGH

6.00GHI

5.83HIJ

5.67IJK

11.67BCD

13.00A

12.17ABC

13.17A

12.33ABC

10.33E

12.33ABC

12.00A-D

12.67AB

12.17ABC

8.83F

12.67AB

11.17CDE

12.17ABC

11.50BCD

7.67G

12.00A-D

11.67BCD

11.67BCD

10.83DE

10.83E

13.50AB

13.33AB

14.17A

13.00BCD

12.17D

13.50AB

13.17BC

14.17A

13.30AB

10.83E

13.33AB

12.33CD

13.50AB

12.67BCD

9.67F

12.67CD

12.17D

13.17BC

11.17E

6.33A-E

6.47ABC

6.37A-D

6.67AB

6.83A

5.63FG

6.07C-F

6.20B-F

6.33A-E

6.73AB

5.37GH

5.97C-F

6.03C-F

6.17B-F

6.17B-F

4.97H

5.73EFG

5.67EFG

5.87C-G

5.77D-G

6.93BC

6.13AB

6.50A

6.00ABC

5.97ABC

5.20D-G

6.20AB

5.50B-G

5.67B-G

5.63B-G

5.10FG

5.83A-E

5.33C-G

5.70B-F

5.57B-G

4.97G

5.87A-D

5.50B-G

5.33C-G

5.13FG

Table 3. Flag leaf anatomical characters of wheat cultivars Gmiza 9 and Sakha 93 as affected by different levels of water stress and 
different Endophytes bacteria and their interactions.



Figure 7. Transverse sections through the wheat cultivar Sakha 93 flag 
leaf (stained with safranin and light green) as affected by the grains 
soaking application of two bacterial endophytes A.  chrocoocum (E1) 
and P.  fluorescens (E2). Control, A.  chrocoocum (E1). P.  fluorescens 
(E2). UE: Upper epidermis, LE: Lower epidermis, CT: Cuticle, BS: Bundle 
sheath, Mt; Mesophyll tissue, Xt: Xylem tissue, Pht: Phloem tissue. 

Figure 8. Transverse sections through the wheat cultivar Gmiza 9 flag 
leaf (stained with safranin and light green) as affected by the grains 
soaking application of two bacterial endophytes A.  chrocoocum (E1) 
and P.  fluorescens (E2). Control, A.  chrocoocum (E1). P.  fluorescens 
(E2). UE: Upper epidermis, LE: Lower epidermis, CT: Cuticle, BS: Bundle 
sheath, Mt; Mesophyll tissue, Xt: Xylem tissue, Pht: Phloem tissue. 



Figure 9. Transverse sections through the wheat cultivar Sakha 93 flag 
leaf (stained with safranin and light green) as affected by grains soak-
ing application with A chrocoocum (E1) and P.  fluorescens (E2) under 
the highest level of irrigation water deficit stress. A- The sever irrigation 
water deficit level (25 % FC). B- A.  chrocoocum (E1). C- P.  fluorescens 
(E2). UE: Upper epidermis, LE: Lower epidermis, CT: Cuticle, BS: Bundle 
sheath, Mt; Mesophyll tissue, Xt: Xylem tissue, Pht: Phloem tissue.

Figure 10. Transverse sections through the wheat cultivar Gmiza 9 flag 
leaf (stained with safranin and light green) as affected by grains soak-
ing application with A. chrocoocum (E1) and P.  fluorescens (E2) under 
the highest level of irrigation water deficit stress. A- The sever irrigation 
water deficit level (25 % FC). B- A.  chrocoocum (E1). C- P.  fluorescens 
(E2). UE: Upper epidermis, LE: Lower epidermis, CT: Cuticle, BS: Bundle 
sheath, Mt; Mesophyll tissue, Xt: Xylem tissue, Pht: Phloem tissue. 
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