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Table 1- Monthly mean value of precipitation and relative humidity in Agricultural Research Field Station of Sarableh
during 2019-2020 cropping seasons

Month  ob lod Jilas o> ST ok ol e Cugb, Jilas  Cugb, fSTas

Min temp (‘'C) Maxtemp ('C) Precipitation (mm) Min. RH (%) Max RH (%)
Oct. olo o0 13.2 37.2 15 18 41
Nov. Ul 0.8 27.2 44.6 33 73
Dec. 3l 0.2 19.6 134.4 53 83
Jan. «$d -2 16.4 374 47 84
Feb. ool -8.5 19.5 60.3 43 79
Mar. fvem) 1.7 24.8 267.1 47 84
APL. oedss 2.6 26.6 335 40 80
May Cadigend)) 4.8 36.5 11.3 24 64
Jun. REyes 16 39.7 0 12 31
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Table 2- Soil physical and chemical properties of experimental area

SB céb  Soil texture
5l pH
Sy EC

Jl v Organic Carbon
09y Total N
Yhd Auvailable P
ol Available K
3 Mg
e Mn
oo Cu
&9 Zn
ool Fe

Y, Clayloam

7.1

(ds m?) 0.40
(%) 15
(%) 0.13

(mg kg™) 6

(mg kgt 280
(mg kgt 216
(mg kgt 12
(mg kg) 52
(mg kgt) 1.4
(mg kgt 10
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4- Root fineness

5- Fresh root weight
6- Root diameter

7- Special root length
8- Dry root weight

9- Root water content
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1- Root Area
2- Root volume
3- Root length
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1- Root length density

2- Soil volume

3- Special root mass

4- Root tissue density

5- Root mass density

6- Root surface area density
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Figure 1- Interaction of cultivarxfertilizer sources on root length


http://escs.birjand.ac.ir/?_action=article&au=17793&_au=Neda++Ebadi

1 Yvy

— 10 y5 (Y oylad FO als (SB g O 4

o

VFoo

S I EES P @ e TR E i ooy Ajantiaadsas S|ana] v | puE 95¢ o e uedyIuBls  puw
sl SOl 6'6 Ll 1’6 80°01 8L - (96) AD e g|a dfer)
FoLorl £0¢ 6% 10000000 L30000°0 PLO (9 8¢ douy -1
2 . = o . . x = $23N08 e
«ISPLTHE e+ €61 #e67SE «+¥100000°0 ++6F000°0 €0 $T u DAY « BABN)  Hemg i, oo
«+ 91196616 £=6'L598 == 1'€75T «= [£0D000 €200 519 «st9L t SAAINOS IAZH| 112 o e
++ 3000881 € ol 16L »9'TIT »+06 10000070 =« (600070 PN | wel 6T £ AR fev
LOSRILRT L'LT6 6°9¢1 S100000°0 1200°0 89 9'ze z uoneday =
PIIA uresn) Ansuap Ausuap SR Ajsuap 1B yidua) ip .
BAIE 20R1INS 100} anss 00y 1004 213 ifua) 100y 100y 1000 aydadg [ ‘A0S R
s e o R ey Ai5¥ aen frry <icd b My A T (e [Pl Flloactllny oo
eew bl 4~ panunuo) -§ AGE.
$ i den il oo e 1R € 7o cfey Kjaanadsar 'S|ana) ug | pue v4¢ oy e wedyudis : pue
8L I'el 80'9 L'L Ll 6 1'6 - (96) AD T EH o (o)
clono €U0 91T &0 00 690 (e 8t P | o
e o 3 ; . 2 y . S20IN0S s
» 1 E00°0 o +O0OF | o st0 sel P cl 1021|1194  JEALN) e P
=2 1E0°0 =+ 181 «=O'TLOO| el V0O w10 «=8'7Y #6190 t SIAUNOS JAZI[IUD R e
KIO00 s 701 «+ 8068 + 10T ++58°0 A e 1°09C £ AR g
95000 'l S'LbL 9 ] 99 £619 T uone|day o5
Aapmep jooy b o BT JO0Y  IWNOA 100y WM 9dpm éu.q.o_ e m. b
o Cremy ..31. -2 Oy e (e Lap .8& sy .Jex Py (e ‘A0S D o
e Gy v T MO ety KO £ Gy ek b o

SAEANIND {3L1Eq puE] AIp Ul 15uny [ZiAa008m pue sazipaay sanoydsoqd jo uonedydde sapun sjeal 1004 10j (saauenbs ueamw) 2duriiva Jo sisAEay -¢ ajqe |
b 4~ ol G e (A o) e FrreyST pem 9 sfe PR eyt 6 2 R of (fipd oW



PL1 (sl ) s oy 5

w20 bl 50 (9095 @b 0,5 e (215 g2 lik

Yvyy

152 |, afuey ajdunyy s,uesung Fuisn -[2a2) Anpigeqoad o5 3y e uaaagyip SpuedijiuBes 10U 28 JaNal Je[iuns £ PamOjjo) UWN{0D YIED Ul ‘SuBapy
AN of ol D g |5 < om0 ey F oD (AT Sr (e s o R ey @ oo e e oy

Lraras qro1 eTL Qe qavol d%01 <o\ o e o RFT
Ll
87T BEO11 veL B¢ eE L d2%e0S+INA P P S
2061 o1y qcs €T 268 W a2 5
46’61 a8 qL¢ W '8 %08 egefer sfc o= oq® el
W9l LIRS oy Prl pre [03U0]) T e el ¢ R R e
hwwu_“”.m“_ 232
Ll e e ¥y v6'T 201 uepsEy e
81 UL q6's 8T 2L0'8 weioly Rl
9507 988 LA 99T q1'6 100uep il
P69l uL qre W' AT00°'8 f[EyEN ey
aeann) e
1os w.,...._..w.“..%_>32 ws) ® ysaay _MM..”.”.“.E wa) @ . @)
1By sppads yoea JAEM 100Y ssanouy) jooy E124 1004 Augg YB194 1001 ysaa 4
GE[ kel (o g e (o e 1w ey bk

SUOLHPUOD PUEATD JIPUN DDINOS JIZI[II] PUE JBANRD PAINIJIE AQ PAIEPI s)EA) 1001 Jo uosundmwod ydung - aqe |
b 3- e o e Ll iy Cioy o X (¥ E e H0P of oy o



Voo pi = olo,5 Y oyled VO o oS g of 4,55 YVY

sLaghyliS 53 (O7) Jloy 5 saole 9 00 adyy o2 ]33]
ol o drrgl oo [32)9500 )8 L gl &5 a3l lgie 295
Jb an Leady) Clo waws (25005 o jol (ol g 005 (lje
o ain) Laleg 45 o9 ST 10 13 )5Se )8 (sl 39
Gt ole ol Gle Gl case g Jlil]) S ) gyt
8 Sigdller g 92 59y 485 ©yg0 s iagh e 33,5
3 ehls ey 25, 53 IinysSn 5 45 ol 05 ool L

4_»..;) > L)..u‘)_‘)‘ [ l).:)9_<u.a 019 Afd)9bcb ©dg Cudo

dudiy ) s

Sa Jlonl gaw )3 (6355 cilie mlie 9 08 GiiSeny
) ghaw cp gl (¥ Ji2) 2055 Jlosie ady) gdaw p dop
oD 355 2003 B+ 5 152,950 )8 Pl Bpae b b3 o5,
o> VI Gl 3L g (oo o8 5l i) gaw (5208 9 yud
(0 Joan) el oty anlis anls 4 cons

g bl davly 4 1y 15 )950 )8 bawys ady) daw (ol 3]
modgad lgie e olS by lis polie 5 O Gla 3l
iy Qie gaw S5 Gl > & 1559500 lag)B el
Alwg 4 olig dlge g Ol Lla iol58l Cumw wiun bl 5,k
9 l39-Se @18 580 cle 4l 2 ogdle g o plalS
OlelS & S 3y9%0e LS Jiwgd Gline (slj9) ol
Cenglio (ol L Lo )88 cpl eddloo St j2)9Se b oAl dls
ale) )8 4l 0 )b plachia s g ey 4 ol sl
el Of p5nin oda L g o390 s |y olS by O Qe

Lgd (o (S49y Culla ol

oo (il el bauwsl)lg S b 9ud )0l (o)1 ol zedls
@ dle ol BLo 48 05 olS > paie ol clale Sl g eals
Jsb o5 Gl Lol )lg So (al &7 (g il 51
2 {07) L8k by i)l olS ady) pde v 5 (90 slaady,
onldid S )13 adlllas 390 aile I Fglite Sln Shg ceinj
sladiy; Job o o515 (6505l ady ) dalllas 45 &S Sudize Sy
j ecanl SB 5 aday (g @5 s pSoill jl i slo)S g oxde
)1 u_’l..\_c— )_AoL& 9 ui A_)J_> Cuxdyg waSu.o.w L&sd,w) J9.\o &
2> bl 3 (Shg ol & Wb S Epes ppj s
ddyy pogmase Job day Job p oM (Y1) Consl Cunl o
@ 0 L5 53 e i 13 (o] oy 4 ady Jsbo )
(A) Lo slouts S 4 Cuglia g O Ll > 4t

ady) paa

Sy Jain) s > (5358 ciln e 5 8y iiSamy S
ddyy oo e (1 Jgia) 03,5 )l e ) w2 g Aoy
stlhors 295 003 B+ 5 152,0500 ) pl Brmo L (b8 3, |
ol Cusdy anl Jlos )3 g (oo o8 | ) e (25508 g jhd
105 Ay po oy YOIV (]58] Coge dald 4y Cuws oS
(¥ Js)

gl iz (i (ylame g Slino (p yiaga | Sladsy oo
v by 93 Lorslio (6 iSoslasl Asly (S, 5 039 oli Ml
0=l 2 (M09 VA) 33,5 oo gume oS ) 5 (2l scuond
)3 229 (o0bj glay g calisee plB)l y Abodld Ll e
03555 6 iy dyy adgl sl o) 5 il e 5 4,
Dol | ity ) Gl bl aSul gl olS 1505 &)l &
I o olaid] gld iy piwme 4 1) (6 i s odlo S
Ale Lana ity y S59do8 )50 Slusguas > Sl pss ases )0 (F))

14 OMahali » Mahoor mKhoram ®Fardan a a
3:5 = be i b b beb-d™?
1T 3 10 de ©€ : 3 m —
~ ,_:: ! el el
Y2 8 gl 2 fg .2
A ; 6 h h

S 1 i

\3 re H II

0

Control 50%P FM FM+50%P 100%P

R < O v <
S35 :_.X..'_-.._\.AJ

Interaction of cultivarxfertilizer sources

sy 02 52§35 Blioxedy (RS y 1Y S
Figure 2- Interaction of cultivarxfertilizer sources on root volume



YV o bl pd 5o 6095 qibo 9 )l o' (2155 92 i pl8 | (gl 5 im0y 2

e o 3 45 135 otblie gy ol o (F Jpia) 205
Oll38l zgo jind pliand 295 0oy B+ 5 1525 )6 plys
St oleand 365 il oalaiwl pac) dald oy g 135 Ay, obls
o gy 5 {F Jpi2) 332 clive a8 S5 (lessSon 6 5
da i b o olis ) S 80 py adyy cdlyls g coglyls Slols
(V) 039y ddyy (090 S3b odiad i Abl i ddy ) cél)ls oy
P s it el g ol iy ) Al e s 0 i 4y S
i) 095 3l okl a8 edly s 0 5155wl p> LBl ansls
LS il odlatul 48 (5y9boay w392 S U ady) Sluoguad (5,
pAS ) adyy obls (oli8l el sals jlad b duslis (o 15,6800

(FF)

iy o

SO Jloin] maw > (6068 alisee mlio g o8, Sy 3]
Saciay jlad o g (Y Jgia) 035 5 dne ) jlad p deoy
O3 08y jl ady Jlad (lse (35S g aalS Jlow )3 g (e o8,
Sy pind (oleond 395 003 00 9 11255500 @)B plg5 Spae L
ain; Jhd )3 edoyd YVIY Liolisl coge (30ld 4 coms a8 cal
adyy jlad (Al s (lgi e o0 54 (0 Jgi) 48 sanlie
Codls borypo ada) Jsb (tall e bgye |y (g 595 Bpuae b
()

adyy po Gl (PA) ol g (s 9 (V) Ol 9 (253
Lol a0aged G155 1) (s 365 L ks el oo 40 1) o3
39S aliwg 4 015 Mg Ly 048 st dlge 3l 48wl bl
O yedee 45 S (o0 0 (2 yiall o)l I ads) Ay g (e
il g Aty Culis ials sy cblaisl g o9 Ll 31 ]
I 58 sS Lacin jlas ojlul aill e ada)y gdaw (e slo)b
s yd LSl oo ol &) (Sag ) el laay, ylad o)l
5o S 1iKis L oS wase |y SogS sl SB Silio &,
Objee olS adyy diblio ;3 Can .05l 0 455 395 ;3 |y (630 dlge
s 590 olS iy Byl 5l aS Cugby 5 olie dlge &S Cunl 26
Ly el Canl (Son 265 g5 4 g diled adod 0yuS jeb )
0l iyl35 35 Sielllen (goy puiivte ol Olauisg ) 16500
(9)

2 35S Sl a8 Cia b ysSin sla )6 el 2 09Me
5 4dly &5 5L 1) 395 (sladiy) 9 48)S )13 Sushy SIS 2y
28 sl )3 (V) aims (e al381 oS (dlasjy) colun
s Gl oS O ety Gl381 L 1365 slog 5
5 oS 35 ol ol i Rl (S nSled s
JUl g adyy o rdaw ol 33l ol k) (55919890 Ul s
S amd o ime oS 1y lSel ] (Y0) iy 41 ol Slga
(shol adyy Job &5 SblS a8 Jood i 1) (28 laul b il
Slaciond & ddo) Cand g ady) Jsbo o515 (Sl slaady) sl
V) 45 35 VL Jaos S Blie ) 5505 55V 2lsm
ogde 29 s dudy) Sufslgdyge Clpmss el 1 )50 )6 il
oS oyiwd S yiud g g9y polie e (8l el o 5
(55) 20l il i 5148 395 e el lyusis cpl 5 33,5 8
CS o sy 53 (s Sl e el ) 5See (s jon
8l 6l g 35 o e olS @B b g sl (JB
i o Sl e g Bl 156 S S5 ol
JSi L 19 B o(V+) a3 il 33l ol BV 0905 1) 4t
5 SIS b oyl oles g ¢ ol slaaty, Gl 5 lbeSs
oS s ol g amd e GBI plp V=V e ]y cugby
lag 1y 263 Blybl lausts 13 de350 @obio 1 elaiwl )d (g i oUles
(Fr) S o
O3S 58 Sigller 9 2 o) Ol ple lagb)lS )
Ay by 9y Olajee oLS ) T32)55e B by gl 45 A3
) gaw (Il s 15255500 )8 2,1 5 039 Cute SI (Il
S el D939 a1y z,)B b olS udli (S 9 1Y) w8
oS @5 b g julp (3 4 SIS o s 53 (s g0
(0) 4zl 51 Sy (Sejelansd sloa S 5 oliis Sl 5 g 0l
gl i RS Llgioe Laady) Gl gdaw (15 cpl 8
Job Gl L 1) a5yls a9 ad) y90 (3blie 3 &7, polie
(F 5 Y) ke ob5 gl ool by o el Culed o g 4

(i y bl ) dudias y alalet
395 bglste 5 08, (Lol @l Luib)ly 45505 Jad> 4 4255 L
Jodn) 13,5 Jbodme adyy (GBS (w395 g Hhud olend
Oyt (el a8 o By a S as ooy L imgh cpl o (Y
odnliio e v 8y 50 diyy oIl (pyieS g 09 ddyy ool



Voo pi— 0195 oY ojled ¥ alo (S g o 4,55 YVA

w20 fl g Codd iy ) bgapo ldo 1 (6395 Zalie X 1B, iiSoR 11 e -0 Jgua
Table 5- Interaction comparsion of cultivarx fertilizer sources on root traits related under dryand conditions
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| fertilizer ” M;;;tw adyy Job o515 Ay y CAL o515 413 3 )Slos
Cultivar i i i invi
SOUFCes Rot area diameter Rc;{ot/length _(Ijensllty (cm  Root rFllsn;,ue 3den_sl,lty I(g root Gzin}ggld
(cm?) (cm) cm?soil volume) weght /cm?® soil volume) 9
Control 31.6h 0.55a 0.037g 5.39 876.9i
50%P 63.3ef 0.45e-j 0.085de 15.5f 1402.6hi
oo FM 63.3ef 0.5¢-j 0.083de 15.7f 1635.8gh
Mahali FM+50%P 100.6b 0.43ij 0.14ab 33.3d 2632.06¢-f
100%P 100.79b 0.429-j 0.13b 36.03cd 2548.04c-f
Control 39.7gh 0.54ab 0.044fg 7.39 1234.6hi
50%P 75.48cd 0.49a-f 0.09de 23.8e 2971.9c-f
ool FM 70.31de 0.47a-d 0.085de 20.4e 2489.06d-f
Mahour FM+50%P 115.4a 0.4e-j 0.15ab 47.8b 3783.9ab
100%P 97.19b 0.41f-j 0.13ab 34.04d 2784.1c-f
Control 32.11h 0.53a-d 0.04fg 5.3g 854.8i
50%P 58.74f 0.47b-h 0.076e 14.25f 2095.2fg
P> FM 61.33f 0.48b-j 0.08e 15.64f 2271.7e-g
Khorram  FM+50%P 104.99b 0.43e-j 0.14ab 39.05¢ 3338.9bc
100%P 96.84b 0.42i-j 0.13ab 33.52d 3106.4cd
Control 43.92g 0.53a-c 0.054f 8.6g 1216.4hi
50%P 80.63c 0.46¢-j 0.107c 24.7e 2999.2cd
ol FM 73.77de 0.46¢-j 0.098cd 21.2e 2630.6¢-f
Fardan FM+50%P 120.49a 0.4ij 0.16a 52.6a 4238.3a
100%P 100.81b 0.41f-j 0.14ab 36.4cd 3290.9bc
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test.
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Introduction: Biofertilizers play a crucial role in soil fertility by dissolving stabilized phosphates and
producing the nutrients needed for plant growth in the soil. One of the most important soil microorganisms is
mycorrhizal fungi. Mycorrhizal fungi, with their extensive hyphae network and increasing the level and speed of
root uptake, increases the plant efficiency in nutrients, especially inactive elements such as phosphorus, and
improves plant growth. Mycorrhiza fungi increase nutrient uptake of plants due to stimulation of root formation
and subsequent increase in root level through the production of auxin and gibberellin hormones. By extending
the root system, mycorrhizal fungi increase the total absorption surface of inoculated plants and thus improves
crop plant access to water absorption. Considering the important and critical role of roots in crops, having
sufficient information and understanding the morphological characteristics of the root system is important.
Therefore, this study was conducted to investigate the role of the root system in the presence of mycorrhizal
fungi in new barley cultivars in the llam region in rainfed conditions.

Materials and Methods: In order to investigate the effect of inoculation with mycorrhiza fungi on the root
system of barley cultivars in rainfed conditions, a factorial field experiment was carried out based on a
randomized complete block design with three replications in the farm station of Sarablah Agricultural Research
Center during 2019-2020 cropping season. Experimental treatments were including barley cultivars (Mahali,
Mahour, Khorram, and Fardan) and fertilizer sources treatment including control (without fertilizer), 50% P
fertilizer, mycorrhizal fungi (Glomus mosseae, Glomus etunicatum, and Rhizophagus irregularis), mycorrhizal
fungi+50% P chemical fertilizer and 100% P chemical fertilizer. Root-related characteristics were measured
inside the field at the pollination stage using a metal cylinder with dimensions of 30 cm in length and 2 cm in
width, which had been pre-designed by hand. To measure grain yield after removing the marginal effects (50 cm
from the beginning and end) were recorded for each plot. Statistical analysis of the data of this research project
was done by SAS software, means were compared by Duncan’s multiple range test method, and graphs were
prepared by Excel software

Results and Discussion: This study showed that the interaction between cultivarx fertilizer sources was
significant on the characteristics of rainfed barley roots. So that the maximum root length (76.6%), root volume
(75.7%), root area (73.3%), root length density (76.8%), root tissue density (89.9%), root-specific mass (65.7%),
and root surface area density (70.6%) was obtained from Fardan cultivarxmycorrhizal fungi+50% P chemical
fertilizer compared to control treatment (without fertilizer source). It seems that the presence of mycorrhizal
fungi has caused changes in root morphology so that the spread of mycorrhizal mycelium related to the internal
tissues of the root has increased root length.

Conclusion: The results of this study showed that the use of mycorrhizal fungi increased root system and
root morphological changes in new barley cultivars. What is clear and has been mentioned in the reports of other
researchers is that the mycorrhizal fungi can gain maximum use of moisture and nutrient uptake by creating a
strong rooting system in the host plant from the rhizosphere. Recent research has shown that Fardan cultivar in
the presence of mycorrhiza fungi had maximum root length, root volume, root area, root length density, root
tissue density, and finally, root surface area density, and when no fertilizer source was used, a large reduction in
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the rooting system was observed in all cultivars. Therefore, among the cultivars used, Fardan cultivar with co-
consumption of mycorrhizal fungi and 50% of P fertilizer can cause the development of root system and
ultimately increase grain yield in the region under dryland conditions.

Keywords: Root diameter, Root length density, Root-specific mass, Root surface area density, Root tissue
density



