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Investigation of climate, Soil physico-chemical properties and host on Arbuscular

mycorrhizal fungi activity in Rafsanjan
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Abstract
The present study aimed to investigate root colonization percent and spore population of Arbuscular
mycorrhizal fungi (AMF) in soils of 9 regions of Rafsanjan city. Also, the effect of climate and some
physical and chemical properties of soil including pH, EC, organic carbon, amount of absorbed P and B soil
and amount of silt, sand and clay on these two factors were evaluated. Samples were collected from the
rhizosphere of different plants and AMF spores were isolated from the soil samples using the wet sieve
method. After root staining and spore extraction of spores from the soil, root colonization and spore
population were determined. As a result, all samples have arbuscular mycorrhizal symbiosis. The average
root colonization percent ranged from 17.7% in Western suburbs ( sandy loam soil, PH:8.72, Ec: 8.82 and
organic carbon %0.13) to 83.3 % in Raviz (sandy loam soil, PH:8.39, Ec 1.44 and OC 3.99%). The average
spore population per 10 gr of soil samples ranged from 5.68 in Western suburbs to 139.2 in Davaran. There
was a significant and positive correlation between the spore population and root colonization percent (o=
0.01). There was a significant and positive correlation between the percent of sand and organic carbon with
spore population and root colonization percent (a= 0.01). correlation of measured indices with pH, EC, P, B,
silt and clay showed significant and negative correlation(a= 0.01). furthermore, the results showed that the
root colonization percent and spore population in each region is related to the host plant and climate as well.

Keywords: Arid land, Climate, Mycorrhizal dependency, Mutualism, Symbiosis, Orchards.
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Table 1- Climate characteristic of Samplingie sites
Location name  Avrage of Annual Avrage of Height (m) Climate Geographic
Precipitations Annual degree (° (Dumbarton) characteristics
(mm) C) (2012-2016)
(2012-2016)
Davaran 126 15/1 1864 Semi-arid Mountainous
Khanaman 157 14/5 2206 Semi-arid Mountainous
Raviz 168 14/1 2600 Semi-arid Mountainous
Sarcheshme 175 12/8 2524 Semi-arid Mountainous
Kabutarkhan 57/5 19/1 1673 Arid Plain
Nugh 89 20/9 1336 Arid Plain




Koshkuieh 65 19/4
Eastern Suburb 44/6 19/6
Western Suburb 44/6 19/6

1449 Arid Plain
1524 Arid Plain
1463 Arid Plain
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Table 2- variance analysis results of root colonization percentage comparison and spores counts as well as
soil physical and chemical properties in studied regions

df  Phosphorus  Sand Silt Clay

Colonization ~ Spore Boron Organic pH EC

C

Region 8 31/66** 173 **  69/96**  32/41**

Eror 220 3/36 34/55 19/41 4/18
Ccv - 14/59 8/16 22/11 25/32

4626 ** 25876  109/07**  17/93**  0/322**  50/11**
*%x

259/45 258/10 0/500 0/345 0/078 0/128
27/52 21/06 20/79 23/71 3/33 10/67
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Mismatched letters indicate a significant difference between the means(Duncans test, ( P<0.05).

Sl
Fig 2- Comparison of root colonization percentage with arbuscular mycorrhizal fungi and spores count in 10

g of soil of studied plants in different regions of Rafsanjan, Blue and Orange dots, Respectively, represents
the average of 30 data related to the spores count and root colonization percentage with AMF in each region.
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Table 3- Physical and chemical properties of 90 soil samples collected from the rhizosphere of different
plants in different areas of Rafsanjan and their spores count and colonization percentage of arbuscular

«Eastern suburb **Western suburb

mycorrhizal fungi

N Host Region Average Average of B P Organ EC PH | Textu | Cla | Sil | Sand
0 of Spore/ 10 g (pp (pp icC% (ds/ re y% | t %
colonizati soil m) m) m) %
on %
1 | Sunflowe Raviz 87.33+3.9 | 118.33+20. | 0/32 | 10/5 3/84 0/97 | 8/6 | Sandy 5 13 82
r 2 88 0 5 loam
2 Almond Raviz 50.33+3.1 29+2.08 1/80 | 12/6 1/60 1/47 | 7/9 | Sandy 9 24 67
7 4 5 loam
3 Onion Raviz 92/33 170+7/63 0/31 | 8/68 4/05 1/19 8/1 | Sandy 4 6 66
+1.45 0 loam
4 | Peppermi Raviz 52/33+5/0 | 45/66+5/66 | 1/45 | 12/8 1/04 1/70 | 8/3 | Sandy 9 23 68
nt 4 1 4 loam
5 Apricot Raviz 5010 28/66+2/96 | 1/76 | 11/3 1/74 0/94 | 8/3 | Sandy 7 23 70
3 7 loam
6 Walnut Raviz 552/33+3/ 46/66 1/42 | 12/7 1/83 1/40 | 8/2 | Sandy 8 25 67

E-mail: sedaghati@vru.ac.ir
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71 +0/33 8 5 loam
7 Couch Raviz 86/66+4/4 | 91/66+11/6 | 1/65 | 11/6 4/12 1/33 | 8/9 | Sandy 5 18 77
grass 6 6 8 loam
8 Alfalfa Raviz 83+1/52 118/6+20.8 | 0/61 | 11/3 5/23 1/35 | 8/7 | Sandy 4 18 78
8 3 7 loam
9 Alhaji Raviz 15.66+0.6 3.66+0.66 9/16 | 1417 0/43 1/95 | 8/3 | Sandy 9 24 67
6 8 4 loam
¥ ges asl!
10 Gunera Raviz 17/66+1.4 | 10.33+0.88 | 8/64 | 13/8 0/25 1/90 | 8/2 | Sandy 8 25 67
5 5 0 loam
11 | Almond Sarcheshm | 58/66+0/6 | 34/18+0/66 | 1/65 | 12/0 1/75 1/82 | 8/0 | Sandy 8 22 70
eh 9 9 loam
12 Quince Sarcheshm | 59/33+0/6 37+1/15 1/76 | 12/1 0/98 1/82 | 8/1 | Sandy 8 20 72
eh 6 8 3 loam
13 | Apricot Sarcheshm | 91/33+0.6 | 158/66+2/4 | 0/53 | 8/78 4/82 1/63 | 9/1 | Sandy 6 10 84
eh 6 1 loam
14 Sarcheshm | 70/66+0/6 | 88/33+2/02 | 2/54 | 9/85 3/50 1/63 | 8/1 | Sandy 6 12 82
Couchgra eh 6 4 loam
SS
15 Apple Sarcheshm | 83/33+1/6 119+1/52 0/76 | 11/8 3/73 1/80 | 8/0 | Sandy 5 11 84
eh 6 9 9 loam
16 Walnut Sarcheshm 72+1 95+1/73 2/08 | 9/94 4/05 1/67 | 8/1 | Sandy 5 18 77
eh 8 loam
17 Alfalfa Sarcheshm | 90/66+1/7 | 145/66+3/4 | 0/41 | 8/99 4/67 1/89 | 9/0 | Sandy 7 10 83
eh 6 8 7 loam
18 | Haloxylo | Sarcheshm 17+0 7/66+1/45 10/8 | 15/1 0/16 2/05 | 8/2 | Sandy | 11 | 28 61
n eh 0 2 3 loam
19 Gunera Sarcheshm | 18/33+1/6 | 10/66+0/66 | 8/32 | 13/2 0/36 2/09 | 8/3 | Sandy | 10 | 23 67
eh 6 0 3 loam
20 Alhaji Sarcheshm 20+1/15 11/33+0/66 | 8/55 | 13/1 0/42 2/02 | 8/2 | Sandy | 11 | 21 68
eh 8 3 loam
21 | Almond Khanaman 65+1/73 69/66+2/33 | 1/55 | 11/5 2/90 2/68 | 8/5 | Sandy 7 22 71
2 0 loam
22 Apricot Khanaman | 91/33+0.6 149+2/08 0/44 | 8/29 3/94 2/55 | 8/3 sand 5 7 88
6 8
23 Wheat Khanaman 91+2/08 152/66+3/9 | 0/32 | 8/21 4/70 2/05 | 8/4 sand 5 8 87
2 5
24 Walnut Khanaman | 76/66+1/6 994+2 0/80 | 10/8 3/75 2/01 | 8/4 | Sandy 4 14 82
6 8 1 loam
25 Peach Khanaman 82+0 116+2/33 0/79 | 10/3 3/02 2/41 | 8/3 | Sandy 5 15 80
6 8 loam
26 Apple Khanaman | 66/55+1/6 | 69/96+3/48 | 1/98 | 11/1 2/39 2/69 | 8/2 | Sandy 6 27 67
6 4 1 loam
27 Alfalfa Khanaman | 72/33t1/4 | 95/33+2/4 0/67 | 12/0 2/44 2/35 | 8/5 | Sandy 5 23 72
5 1 3 loam
28 | Flixweed | Khanaman 7040 119/01+2/0 | 0/43 | 12/0 2/50 2/57 | 8/3 | Sandy 5 16 79
8 4 0 loam
29 Khanaman | 72/33+1/4 | 92/66+4/35 | 1/70 | 11/4 2/18 2/57 | 8/1 | Sandy 6 20 74
Couchgra 5 1 1 loam
SS
30 Alhaji Khanaman | 17/66+1/4 | 10/21+1/15 | 8/42 | 15/8 0/81 2/70 | 8/5 | Sandy | 12 | 23 65
5 0 1 loam
31 | Pistachio Nugh 72/33t1/4 | 92/95+1/15 | 2/16 | 11/9 3/17 2/64 | 8/4 | Sandy 6 15 79
2 7 2 loam
32 | Pistachio Nugh 66/66+1 71+2/08 1/72 | 11/0 2/05 3/04 | 8/3 | Sandy 7 18 75
2 4 loam
33 | Pistachio Nugh 55+2/88 50/66+1/76 | 1/45 | 13/3 1/53 3/14 | 8/8 | Sandy 9 18 73
4 2 loam
34 Wheat Nugh 73/66+0/8 | 93/66+1/33 | 1/22 | 11/9 3/10 2/61 | 8/2 | Sandy 6 19 75
8 8 8 loam
35 | Flixweed Nugh 60+1/15 75/61+2/02 | 1/83 | 11/1 2/15 3/55 | 8/3 | Sandy 7 18 75
9 9 loam
36 | saltwort Nugh 55/60+2/3 | 46/09+2/33 | 1/20 | 12/0 1/23 2/70 | 8/4 | Sandy 9 17 74
3 1 4 loam
37 Salsola Nugh 15/33+1/7 | 4/98+1/15 8/34 | 15/9 0/03 8/11 | 8/2 | Sandy 9 24 67
3 5 9 loam
38 | Haloxylo Nugh 45/33+£2/8 | 18/53+1/45 | 0/93 | 13/7 0/97 2/84 | 8/5 | Sandy | 10 | 24 66
n 8 4 1 loam
39 Nugh 51/30 41/04 1/98 | 12/0 1/52 2/53 | 8/4 | Sandy 8 20 72
Couchgra 7 4 loam
SS




20 Alhaji Nugh 16+2/08 | 5/4120/88 | /54 | 15/7 | 0/03 | 6/55 | 8/7 | Sandy | 11 | 28 | 61
6 2 loam

41 | Pistachio | Koshkuieh | 68/66+2/0 | 76/33+2/33 | 1/34 | 11/5 2/95 3/52 | 8/2 | Sandy 6 20 74
8 4 4 loam

42 | Pistachio | Koshkuieh | 74/66:2/3 | 93/52¢1/66 | 0/92 | 11/7 | 2/62 | 3/64 | &/3 | Sandy | 5 | 17 | 78
3 0 6 loam

43 | Pistachio | Koshkuieh | 520/88 | 44/33:2/33 | 0/78 | 12/5 | 370 | 3/54 | 8/2 | Sandy | 4 | 16 | 80
6 1 loam

=Y Jga aalol

44 | Pistachio | Koshkuieh | 51/33+1/1 | 44/19+1/33 | 2/84 | 12/5 | 1740 | 501 | 8/3 | Sandy | 9 | 18 | 73
5 5 8 loam

45 | saltwort | Koshkuieh | 63/66+1/8 | 67/3+1/15 1/65 | 11/7 2/06 4/62 | 8/2 | Sandy 7 22 71
5 4 9 loam

46 | Licorice | Koshkuieh | 66£2/33 | 69/58+1/45 | 140 | 12/2 | 1/30 | 8/43 | &/3 | Sandy | 8 | 15 | 79
1 2 loam

47 | Flixweed | Koshkuieh | 33/33+1/6 | 11/84+1/15 | 0/64 | 13/0 | 0773 | 512 | 8/3 | Sandy | © | 18 | 75
6 8 8 loam

48 | Alfalfa | Koshkuieh | 81/66:0/6 | 94/16+0/57 | 2/63 | 12/1 | 125 | 510 | &/3 | Sandy | 8 | 18 | 73
6 0 5 loam

49 Koshkuieh | 39/33£2/0 | 16/121/73 | 3/07 | 13/3 | 091 | 8/41 | &/3 | Sandy | © | 19 | 75
Couchgra 8 0 4 loam

SS

50 | Alhaji | Koshkuieh | 17%1/73 | 5/39%0/88 | 10/8 | 13/8 | 0/02 | 8/43 | &/3 | Sandy | 13 | 18 | 75
7 2 7 loam

51 | Pistachio | Kabutarkh | 60%1/15 | 79/71£1/45 | 110 | 11/7 | 1740 | 2/50 | &/3 | Sandy | 7 | 17 | 74
an 2 0 loam

52 | Pistachio | Kabutarkh | 74/33t1/4 | 92/66+1/45 | 1/06 | 11/5 | 2/45 | 2/44 | 8/2 | Sandy | 6 | 24 | 67
an 5 7 4 loam

53 | Pistachio | Kabutarkh | 54/66£2/3 |  50£0 | 1/80 | 12/1 | 1/31 | 2/51 | 8/3 | Sandy | 9 | 24 | 66
an 3 6 2 loam

54 Alfalfa Kabutarkh | 82/33+1/5 116+3/78 0/68 | 10/5 3/48 2/41 | 8/2 | Sandy 4 20 72
an 2 9 5 loam

55 | Haloxylo | Kabutarkh | 55/66£1/7 | 49/08£0/88 | 2/20 | 11/6 | 1/07 | 582 | 9/2 | Sandy | 8 | 28 | 61
n an 6 5 9 loam
Kabutarkh | 61/6620/8 3 8/5 | sandy

56 | saltwort u : o6iaaz2/a0 | 1732 | 1% | 2124 | sma | B SN a0 | 74

57 | Licorice | "abutarkh | 58/65:2/0 1 soi000q | g7 | B | g3y | srg | 8B | SO | g g7 | 18
an 2 1 9 loam

58 | Salsola | "abutarkh | 17/66+1/7 106603 | 535 | 134 | o2 | 200 | 88 | SNV | 45 |45 | g0
an 6 9 3 loam

59 | Couchgra | <@UBKN | 2000 | gueesioz | was | Y7 | a7 | ome | 88 | SAY |5 | qg | 43
ss an 0 0 loam

60 | Alhgji | KoUK | 6iome | sie1x1ias | ea3 | 133 | op7 | ser | YO [ SEY gy | | o
an 1 1 loam

61 | Almond | Davaran | 51+0/66 | 25+2/88 | 1/12 120’1 v21 | ane | %2 slgggqy 9o | 20| 71

62 | Plantain | Davaran | 654173 | 67/66£145 | 2/87 | HC | 298 | 225 | 2 Slgggqy 6 | 23| 71

63 | HAOVI0 | bovaran | 8933828 | ga0aiamg | asa | B | 303 | weo | B2 | S | 5 | 45| g0
n 8 1 0 loam

64 | Apricot | Davaran | % Ggﬂ’ 8| 65/36x1 | 268 117’ L1 oans | w2 8£2 sl‘ﬁggqy 6 | 15| 79

65 | Walnut | Davaran | 'Y 3§i°/ 8 | oaz3+3is | 254 113’ 61 365 | 2118 841 slgggqy 6 | 14 | 80

66 | Peach Davaran | 91/66%0/6 | 167/49+107 1 ) )a | gios | ajoa | 201 | 70| S | o | 19| 72
6 14 2 loam

67 | Maize | Davaran gos0 | MO o | g5 | wmr | anms | TP S5 | a0 | e

68 | Wheat | Davaran | 90s115 | M2 oz | onp | w7 | wer | 7| sand | 4 | 8 | e

60 | Alfalfa | Davaran | 88+2/08 | 98/57+3/52 | 1/87 1%’ 61 3197 | 2128 Séz sng%y 5 | 16| 79

70 | Alhaji Davaran | 17 Sgﬂl 4 | 10/56+0066 | 5/65 1%’8 o/67 | 2/38 8? ?ggg}’ 11 | 20| 69

71 | Pistachio | E. suburbs® | 2OV | 11/30+0i88 | 105 | 1291 gy | a7 | MR SAY |y 9| 70
6 0 1 0 loam

72 | Pistachio | E.suburbs | V7308 | ayg0s0i66 | 781 | B0 | o | mon | 7| S gy |20 | e

73 | Pistachio | E.suburbs | >% 3214/ T | a6i54+2/02 | 2121 121’ L1 ya0 | 290 8{5 sng%y 10|25 65
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74 | Pistachio | E.suburbs | 2Y 5§ﬂ’ 4| 117151785 | 9133 1%’3 090 | 3/08 8(’)6 sigg%y 9 | 20| 7
75 | Grape | E suburbs | 2 821'1’ T\ 11782202 | 897 | 13/6 | o0/a1 | 319 845 ﬁgg%y 9 | 19| 72
76 | Pomegra | e oinurbs | 4933206 | soarize | 511 | 28| a1 | sos | 84| SEY | g g | 72
na 6 1 0 loam
77 | maize | E.suburbs | 54+1 | 46/56+1/45 | 3/90 111’ 1 o2 | 293 817 ‘Q;zggqy 8 | 15| 77
=Y Jga aalol
78 | Alcea | E.suburbs | 16776058 [ 7/3830i83 | 552 | 144 | oigo | orzs [ B4 [ SNV T gy |21 | es
79 | Couchgra | E.suburbs | 18838200 | 1oigpe1 | 513 | 139 | opo5 | gz1 | 8 | ANV |40 | 21 | 6o
SS
80 | Alhaji | E.suburbs | 068X [ ogssr | 5ima | 125 | o2 | grz2 [ B[S | g |18 | 74
— W, T7733%2/0 1374 8/6 | Sandy
81 | Pistachio | o V. .. 3 107132066 | 835 | 3% | o6 | o0 | BO | SV Tqq | o4 [ 65
— W. T5/78%076 005 | 1479 977 [ Sand
82 | Pistachio | V- g 5/30:057 | 1 791 o3 | oo | 7| SN T a3 | 23 | e
— W, TS5/332277 006 | 2072 87 [ Sandy
83 | Pistachio suburbs > 5+0 5 2 0/11 9/01 5 loam 12 25 63
W. 17555270 276 89 Sand
84 | Alfafa | - > 16241776 | 476 | 128 | o1 | eiss | BY [ SO a0 |22 [ s
Pomegra W. 14764+1/4 2071 8/6 | Sandy
85 ne s : a/55:0/33 | 9/35 | 20T | o006 | &30 | 50 | SV a3 [ 24 | 63
W. T7/05%1/7 1570 86 [ Sand
86 | Oleaster | - 2 o/89:0/88 | 8/46 | 130 | 003 | 320 | °0 [ SN [ 11 |26 | 63
— 2 TaTT2E2]7 006 | 1972 84 Sand
87 | Licorice | g 2 a4241120 | 19 T om0 | oms [ X SN [ 13 | 25 [ 62
W. 14/9 8/3 | Sandy
B | Couchgra | g | 15326 | azssoiss | ors | M | ooe | 3ms | | SV | 12 |26 | 62
W, 009 | 1975 875 [ Sandy
89 | salwort | (W | 12667212 | 218033 | 19 IS o5 | a2 | BS | STz ) 56 [ 61
- W. T3/66%076 7573 874 | Sandy
9 | Alhaji e 8 3/23:033 | o69 | 25° | ooz | om0 | B[ SOIV | a3 |26 | e
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Fig 3- Comparison of root AMF colonization percentage and spores count per gram of soil in orchards, crops,
orchards weeds and forest- rangelands in different areas of Rafsanjan, Blue and Orange dots, Respectively,
represents the average of 3 data related to the spores count and root colonization percentage with AMF in
each plant Host. Mismatched letters indicate a significant difference between the means
( (Duncans test, P<0.01)
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Table 5- Average comparison of pH, Ec, Organic C, Silt, Sand and Clay percentage,Absorbable Phosphorus

and Boron in different Region of Rafsanjan

Region B (ppm) P (ppm) Organic C EC (dS/m) pH Clay % Silt % Sand %
Davaran 2/56 cd 11d 3/78a 2/12 ¢ 8/lc 6/6 cd 16¢c 77/4 ab
Kanaman 0/82 e 11d 2/91b 2/45d 8/37 bc 6d 17/5 be 76/5 ab

Raviz 1/61d 12/03 b-d 3/99 a 1/44 £ 8/39 ab 7/2 cd 21/5 ab 71/3 b
Sarcheshmeh 1/68 d 11/52 b-d 3/78 a 1/82¢ 8/36 bc 7/7 b-d 17/5 be 84/8 ab
Kaburarkhan 1/68d 12/06 b-d 2/31c 2/64 d 8/5 ab 7/6 b-d 21/7 ab 70/7b

Nugh 1/84d 12/9 be 1/97 ¢ 3/04 ¢ 8/46 bc 8/2 bc 20/1 be 71/7 ab

Koshkuieh 2/11cd 12/46 b-d 2/52 be 4/5b 8/32 he 7/8 b-d 20/5 ab 71/7 ab
Eastern suburb 8/56 b 13/05b 0/85d 3/33¢ 8/6 bc 9/5a 19/8 bc 70/7b
suburb  Western 9/73 a 16/91 a 0/13 e 8/82 a 8/72 a 12/1a 24/7 a 63/2b
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Table 6- Correlation between soil physical and chemical properties with spores count and colonization
percentage using Pearson test

P B Sand % Silt % Clay % Organic PH EC Colonizatio Spore
(ppm) _ (ppm) c (dS/m) n%
Spore 1
Colonizatio 1 0/743**
n %
EC (dS/m) 1 -0/722** -0/689 **
pH 1 0/343** -0/366** -0/390**
Organic C 1 - -0/747** 0/815** 0/850**
0/421**
Clay % 1 -0/365**  0/343**  0/601** -0/779** -0/576**
Silt % 1 0/644** -0/482** 0/170ns 0/401** -0/509** -0/433**
Sand % 1 - -0/837** 0/584** -0/251* -0/514** 0/658** 0/523**

0/957**



B (ppm) 1 -0/461%%  0/309%*  0/636**
P (ppm) 1 0/631%*  -0/750%%  0/642%*  0[772**

-0/764**  0/376**  -0/762** -0/751** -0/733**
-0/639** 0/283* 0/6698* -0/7528* -0/582**

** and * significant at the level of 0.01 and 0.05 respectively
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