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Table 1- Soil characteristics of experimenta site

o 0.C OM clay st sand FC pH K P
Slopaiges  TEXWE o % mg/kg
Depth (cm)

0-30 Clay 14 052 0.90 50 33 17 22 765 238 2278

30-60 Clay 14 048 0.83 51 32 17 22 773 88 1591
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Table 2- Analysis of variance (mean of squares) of effect of irrigation system and
mycorrhizal species symbiosis on the physiological traits and photosynthetic pigments of
soybean (Glycine max L.cv. Williams)

_ ) B . I Jdg s .. e
i oo 4200 Spaddels  Spb iyl B Spodeis 5 il abei,ls
oy o5t L eaf L eaf z Leaf Seed
o df chlorophyll a  chlorophyll b Leaf total carotenoids  carotenoids
chlorophyll
N 2 013 0.0049 0.14 0.006 0.003
Block
‘_”'*’f' 1 0.02"™ 0.0004"™ 0.05™ 0.000001"™ 0.001"™
Irrigation
hol sl 2 0.02 0.000009 0.05 0.001 0.0001
Error a
‘}’"’S"’f 3 0.05™ 0.0012" 0.05™ 0.003™ 0.0005™
Mycorrhizal
olehliygee 3 0.15 0.0055" 033" 0.024" 0.001"
IrrigationxMycorrhizal
i lojl glas
12 0.03 0.0015 0.04 0.002 0.002
Error b
CV. (%) Olpas e 29.75 34.71 25.22 13.72 22.93

Wb 1V 970 Jleizl mhaw (o ls pixe lo s e ol 4y i g % NS
ns, not significant, * and ** significant at 5% and 1% probability level, respectively.

-Y Jgue alol
Table 2- Continued

)y
G ol
e sl SPAD LAI SLA LAR LWR
SOV
df
Sak 2 0.019 0.022 0.036 0.015 0.005
Block
ﬁ”Lﬂ‘;' 1 0.465" 0.018™ 0.006™ 0.002™ 0.015"
Irrigation
kol stbs 2 0.019 0.004 0.005 0.005 0.0007
Error a
295 3 0006®  0019°  0016®  0006®  0.004™
Mycorrhizal
kel 3 0.031"™ 0.005™ 0.013™ 0.026™ 0.004"™
IrrigationxMycorrhizal
ool sl 12 0.015 0.007 0.010 0.010 0.002
Error b
CV. (%) &y s i 13.48 1259 8.86 12.70 12.64

Wb 1V 970 Jleizl mhaw (o ls pixe lo s e o 4y i g % NS
ns, not significant, * and ** significant at 5% and 1% probability level, respectively.
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Table 3- Analysis of variance (mean of squares) of effect of irrigation system and

mycorrhizal species symbiosis on the leaf nutrients, osmolytes and root colonization of
soybean (Glycine max L.cv. Williams)

i ol ax® Sy yhand Spojor Sypmeby 4l iy
"é oV ool Leaf Leaf Leaf Seed
T df P N K Pr
Sk 2 0.00818 0.030 0.08 0.29
Block
‘_”Lﬂ‘;' 1 0.00004" 0.205" 0.34" 0.13™
Irrigation
hel sl 2 0.00006 0.054 0.04 0.39
Error a
"’-”S"_” 3 0.00273 0.036™ 0.10" 443"
Mycorrhizal
- olelxliygtes 3 0.00704" 0.019° 0.07 1.00%
IrrigationxMycorrhizal
hlojl sl 12 0.00080 0.028 0.02 0.85
Error b
CV. (%) ol gy 15.18 2.01 14.05 2.83

Wb 1V 970 Jleizl mhaw (o ls pixe lo pre e ol 4y i g % NS
ns, not significant, * and ** significant at 5% and 1% probability level, respectively.

-Y Jgus alol
Table 3- Continued

I a0 el . a3 95
e e 5T FHEYORAN Oameliisls J;T:ble ;;(J)Tll:]
SOV ) s Colonization
df Seed HI sugar
st 2 26.21 101.04 673.29 6.12
Block
ﬁ”Lﬂ‘;' 1 337.05" 126.04™ 61.34"™ 0.20™
Irrigation
kol b 2 27.07 16.79 31301 156
Error a
'””S‘*f‘ 3 24.75™ 1035.49" 719.53™ 0.66™
Mycorrhizal
x5 o
ClabligSee 3 257" 544.71 3127 0.84%
IrrigationxMycorrhizal
wialesl sl 12 9.22 119.97 713.90 0.47
Error b
CV. (%) olpdi cups 7.49 24.78 18.29 3.98

Wb 1V 970 Jleizl mhaw (o ls pixe lo pre e Gl 4y i g % NS
ns, not significant, * and ** significant at 5% and 1% probability level, respectively.
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Table 4- Analysis of variance (mean of squares) of effect of irrigation system and
mycorrhizal species symbiosis on the yield components, oil percentage and yield of
soybean (Glycine max L.cv. Williams)

a4z yo Ly, 0; Al 3l ylad | IS
. T g gl a8 1o %o 439 e 39
L\B B -
g Oé\?/ ool Plant ool sl gom 100 seeds Pod
e of height NodNo.  gigmeter weight weight
/stem
Sk 2 9.95 0.20 1,557 213 0.038
Block
ol 1 100557 988" 0213°  4643" 0.325"
Irrigation
hel sl 2 39.97 0.17 0.002 0.13 0.033
Error a
|.
295 3 35.33™ 0.51™ 0.488"™ 0.44™ 0.002"
Mycorrhizae
Sl 950 3 50.60"™ 1.75™ 0.116™ 1.06™ 0.001"
IrrigationxMycorrhizae
ilejl sl 12 19.29 1.01 0.689 1.09 0.025
Error b
CV. (%) &y oy 8.04 5.36 10.12 7.73 5.25

Wb 1V 970 Jleizl mhaw (o ls pixe lo pme e o 4y i g % NS
ns, not significant, * and ** significant at 5% and 1% probability level, respectively.

F Jgos ol
Table 4- Continued

o “p Sdsm oflas T o
i 2bo &sl5i Al o Slos Biolo.gical oLy 09y O S los il
3] ; " il va .
SOV of Seed yeild yaild Oil Oil yeild o895
percent QOil HI
Sabs
Block 2 74211.74 832726.87 0.71 405.67 1.20
ocC
| “_5’;‘;' 1 528739579  7830536.25"  113.39" 360797.16°  55.97"
rrigation
6:; G 2 136905.79 304397.44 453 2930.45 124
rror a
" '}*-”5;?“ 3 180513.08™ 299643.49™ 0.53™ 9012.43™ 1.21™
ycorrnizee
) 6,’*'*'}*-”"‘“" , 3 138885.48™ 1107269.23™ 2.73™ 10326.04™ 0.24™
IrrigationxMycorrhizae
"‘;"" ‘-:)”‘" 12 18183937 76727756 5.88 10311.30 1,68
rror
CV. (%) &l g 35 18.94 15.75 13.95 3357

Wil 1V 970 Jleiml mhaw 1o o pixe lo pme b o 5 4y
ns, not significant, * and ** significant at 5% and 1% probability level, respectively.
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Table 5 Mean comparison of physiological traits, yield components, oil percentage and
yield of soybean (Glycine max L.cv. Williams) under two irrigation systems

Sluwy
" s ey SUOR v oles oSl oSk
s 6l wias 4l il oy N &£, N &ls
&b ' 100 . o5 Pod Ol Biologicd  Seed
imigation LWR  SPAD Lol hp'ar;]‘ seds Y% Ol weight yeild yeild yeild
System Nod (z”%)t Weight O'J HI percent
No. @ @ kgha

/stem

‘nge{.ha 0.387° 524° 194 6117 14.8% 8.67% 1956 1309.7%¢ 536.54% 6133.1% 2720.1%
rip

F‘f?"* 0437* 10.30* 11.8° 482> 121° 562° 1521° 8309° 29132  4990.7°  1781.4°
ainy

Leaf P (%)

Leaf K (%)

5 31 ool
L= =] = =1 = —
= [ 3% da < [--] =
_ -

Al o 5SS (yge3T L7 0 Jleis o 45 o e iglas saimo ylis gty 50 aline d By >
The dissimilar lettersin each column show significant differencesat P < 0.05 (Duncan’s Multiple Range Test).

B o Al

a
a
33 1 a
32 1
b
31 A
30 :

control F mosseae R infraradices S hot control  F mossese R infraradices  § hoi

ab

Grain Protein (%)

15,5500 sassS 31 150 Cov jaldig o8, Lgw () (4) Sy pumoly 9 () (/) &ils (i uSilon dunnlia —) JSCi
Figure 1- Means comparison of grain protein content (A) and leaf K content (B) of soybean
(Glycine max L. cv. Williams) affected by “mycorrhizal species”

0.30 7
a
0.25 1 ab -
0.20 - bed =
1 e od bed
K015 - a
RN
v 010 A
0.05 4
0,00
confrol F.mosseae R intraradices S hoi control F. mosseae R intraradices S hoi
Drop Irrigation Sprinkler irrigation

525550l Blite Sl ot salilyg 08 Lgas (1) Sy yad (:S0ls aulio —Y JSC&
Figure 2- Mean comparison of leaf P content of soybean (Glycine max L. cv. Williams)
affected by “irrigationxmycorrhizal species”

(il o SIS 5031 b auo s i Jledl hans (o o sire gl pae soipaylis aslie Bg,>)
(The same letters show non significant effect at P<0.05).
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A L
g I.G 7 a
D 0.8 - a ab
\E,““ i abe abe
o 0.6 7 : be
< 0.4 4 c
© 0.2 1 ’ \
0.0 '
control F mosseae R intraradices S hor control F.mosseae R infraradices S hor
Drop Irrigation Sprinkler irrigation
B-o
0.20 1
b a
= 0.13 ’ abe ab abe
DYy abc __ "
E.2 010 be ; o
=3
=09 0.05 1
O
0.00 -
confrol F mosseae R infraradices S hoi control F. mosseae R infraradices S hoi
Drop Irrigation Sprinkler irrigation
= C-=z
>
S a ; a
= - ab abe
= 1.0 1 abed
2% 0 bed
S - . od 1
S 06 ‘
Swv g4
S 7 02 ’
g 0.0
[t control F mosseae R.infraradices S hor control F.mosseae R.intraradices S lol
Drop Irrigation Sprinkler irrigation
D -
0.5 1
ey a P
= abc ab
2 0.4 1 :
§, A bed o abed
w2 03 ]
83 ¢
0 . 5
§ ,-3' 0.2
O .
g 0.1
0.0 :
confrol F mosseae R intraradices S hoi confrol F.mosseae R infraradices S hoi
Drop Irrigation Sprinkler irrigation
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Figure 3- Means comparison of leaf chlorophyll a (A), chlorophyll b (B), total chlorophyll (C) and

carotenoids (D) of soybean (Glycine max L. cv. Williams) affected by “irrigationxmycorrhizal
species”

(b oo Sl (g3l b o po i Jleiil mhans [ lo sire gl pae soims L aslie Bg,>)
(The same letters show non significant effect at P<0.05).



Hlad cou L;)QJ G Jlogl b Lgw 25 5 oS5 Slas 15,6800 gladaiss Sl-ol; 0 5 )i o = I
]
~ SU 7 a
S
5 \‘3{ 60 b ab
-, i b
ﬁ 1 50 be bed
g ¢ 40 1 cod
S 5 30 1 d
S -
S 101
0
control F. mosseae R infraradices S hor control F.mosseae R infraradices S hoi
Drop Irrigation Sprinkler irrigation

15 055mx sl Jlie 51 o salilyg o) Liges () Ay (gl sl 5nSiloo anylie - IS
Figure 4- Mean comparison of root colonization of soybean (Glycine max L. cv. Williams)
affected by “irrigationxmycorrhizal species”

(a3b oo 5Sils (9031 b duo o gty Jlosirl mlans 10 lo gixe gl pae saimsyLis alice g ,>)
(The same letters show non significant effect at P<0.05).
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Table 6- Soybean fatty acids components in AMF inoculated and non-AMF inocul ated)
plantsin both two drip and rainy irrigation systems

Fatty Acids 2 sleasl
o 1505550 Unsaturated Ll yul Saturated &bl
Irrigation Mycorrhiza Sedgols S ginally Sl Sl Sl Sty Soinally Sl S, Ll
Gadoleic  Palmitoleic  Linolenic  Linoleic  Oleic Myristic Palmitic  Arashidic Stearic
C20:1 C16:1 C18:3 C18:2 Ci8:1 C14:.0 C16:0 C20:0 C18:.0
sl
R non-AMF 0.64 0.13 4.14 44.44 30.85 0.10 11.30 0.67 6.89
sl °7J°3 control
Drip s
’L”S‘“f’ 0.63 0.12 5.21 44.57 28.26 0.09 10.71 0.99 7.18
Mycorrhiza
sl
. non-AMF 0.61 0.09 511 44.28 28.07 0.13 10.59 0.73 6.86
I:'a: ::; control
52950 0.69 0.11 5.08 45.90 28.90 0.09 10.58 0.55 6.48

Mycorrhiza
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Abstract

To evaluate mycorrhizal symbiosis of soybean plants (Glycine max L. cv.
Williams) under different irrigation systems, a split plot experiment was conducted
based on randomized complete block design (RCBD) with three replications at Urmia
University in 2015. Treatments were irrigation systems (drip and sprinkler irrigation)
assigned to main plots, and mycorrhizal fungi species (non-inoculated as control,
Funneliformis mosseae, Rhizophagusintraradices and Smiglomus hoi) to sub-plots.
Results indicated that the highest plant height, pod weight, seed yield, 100 seed weight,
number of nods per stem, biological yield, harvest index of oil, oil percent and oil yield
were obtained by using drip irrigation. The highest LWR (ratio of leaf/aeria parts
weight) and SPAD (chlorophyll index) were observed in sprinkler irrigation system.
The significant interaction effects were exhibited variable responses of soybean plants
to mycorrhizal species under irrigation systems. The highest photosynthetic pigments
(chlorophyll-a, -b and total chlorophyll) and carotenoids were obtained from AMF-
inoculated plants under sprinkler system, regardless of fungal species. The highest |eaf
phosphorus belonged to inoculated plants (F. mosseae) in sprinkler irrigation system.
All fungi species increased leaf protein, similarly. While the leaf potassium did not
show significant differences with non-AMF inoculated control plants. Despite highest
root colonization with R. intraradices under sprinkler irrigation system, colonization by
all three species of fungi under both irrigation systems were higher than non-AMF
inoculated soybean plants. In both irrigation systems, the ratio of fatty acids
(unsaturated fatty acids which were four times higher than of saturated fatty acids) in
AMF-inoculated plants were equal to that of non-mycorrhizal control soybean.
Regardless of different responses of soybean plants to mycorrhizal species, biological
seed and oil yields, under drip irrigation system were about 23, 53 and 84% higher than
that of sprinkler irrigation system.

Key words: Chlorophyll, Drip irrigation, Fatty acid, Mycorrhizae, Phosphorus.
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