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5- Pyrolysis

6- Azospirillum

7- Plant Growth Promoting Rhizobacteria
8- Rhizobium

4- De Martounne
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1- Semi-Dry cultivation

2- Alternate wet and drying

3- Combining shallow water depth with wetting and
drying

4- Biochar
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Table 1- Soil charactristics

oS adlo ]

Culax

. SB cdl g ) ‘ . JB b JB iy
R ) . S o Lt S Sl 039 . .
; Soil s s
Sand  Silt  Clay 1o  Organic Organic Saturated  Electric (N) ®) )
carbon matter  acidity  conductivity

% % dS/m % mag/kg

41 28 31 o oy 1.96 3.39 8.4 0.6 0.19 5 186
(loam clay)
o o3l jlagrly o T 59 - Y Jgsa
Table 2- Biochar properties used
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1- Split split plot
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Table 3- Combined analysis of variance of split-split plot design in two years
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*and **: significant at 5 and 1% levels of probability, respectively; ns: not significant.
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Table 4- Mean comparison of the interaction effect of irrigation method, fertilizer and bacteria, fractional cut according to
irrigation method for rice yield and CPD

@yt 3)5ee CPD
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Fertilizer . 3 i ) - 1
LN sl ) s ] R
(Flood irrigation) (slternative (Flood irrigation) (alternative
g irrigation) 9 irrigation)
09N SSLL 09 sALL 09 ssLL oM &SLL
SR it sy (A ey (A sy
(No bacteria) (No acteria) (No acteria) (No
bacteria) bacteria) bacteria) bacteria)
o Slagr b0 g pw
Pt A QNP ) ) -
(Nitrogen 50+ 0 2755.261  4952.51° 125845  3122.68" 0.3033  0.5439¢fg 0.19371  0.4858"
Biochar)
Veologlroe oje % ) _
(Nitrogen 50+ 10 ~ 3133.84Y  4838.01° 3939.50%  3839.41% 0.3606k  0.5577¢%fs 06518  0.637°
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Yo logaliroe (y5g 0
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+ )bV g i ' _ _ _ |
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Vo lag Vo yje i
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el e ook | __ |
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AAPLF LRSI
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Means with similar letters in each two columns, are not significantly different at P<0.05 level of probability.
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Table 5- Mean comparison of the interaction effect of fertilizer and irrigation method on used water

(Used Water) m3/ha ouwd b pmae o

395 B b

(Flood irrigation)

Fertilizer

TR

(Alternative irrigation)

Sglroenie 9100 gpa 6454.422
(Nitrogen 50+ 0 Biochar)
Veslenlioegior  g7g1 785p 6038.58"
(Nitrogen 50+ 10 Biochar)
Yeslepbt0epjors g1155g¢ 4297.42¢
(Nitrogen 50+ 20 Biochar)
* )l grlit Vo (5o s 6450.672
(Nitrogen 75+ 0 Biochar)
Yo e btVo gy 8634.5¢ 5985.83
(Nitrogen 75+ 10 Biochar)
VoolaliVoojems  gogo 75 4201.25°
(Nitrogen 75+ 20 Biochar)
leabrVerniss gg75.05 6417.922
(Nitrogen 100+ 0 Biochar)
Veoleglidee o gog7 97c 5941.83°
(Nitrogen 100+ 10 Biochar)
Veslebiderojed gogg 5o 4234.83¢

(Nitrogen 100+ 20 Biochar)
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Means with similar letters in each column, are not significantly at P<0.05 level of probability.
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Table 6- Mean comparison of the interaction effect of fertilizer and bacteria on used water

(Fertilizer) 3¢5

(Bacteria) ¢ sSU

(Used water) m3/ha suwd < pae o

s lapbroe (5o
(Nitrogen 50+ 0 Biochar)

Ve Jlgrlero e (3o
(Nitrogen 50+ 10 Biochar)

Yo jlalieos ik
(Nitrogen 50+ 20 Biochar)

+ )l ltVo 5oy
(Nitrogen 75+ 0 Biochar)

Vo lgbeVo e
(Nitrogen 75+ 10 Biochar)

Yo logaliVo (59 0
(Nitrogen 75+ 20 Biochar)

©lrglee) o3
(Nitrogen 100+ 0 Biochar)

Veslagalird e v oo
(Nitrogen 100+ 10 Biochar)

AN
(Nitrogen 100+ 20 Biochar)

&S (9 (No bacteria)
55 b (With bacteria)
&S 9 (No bacteria)
55 b (With bacteria)
&S (9 (No bacteria)
55 b (With bacteria)
&S 9 (No bacteria)
538 L (With bacteria)
5L ;9 (No bacteria)
558 L (With bacteria)
5L ;9 (No bacteria)
558 L (With bacteria)
534 9 (No bacteria)
53 L (With bacteria)
534 9 (No bacteria)
558 L (With bacteria)
& 5Sb 9 (No bacteria)

558 b (With bacteria)

e ol
7788
7769.33
7367¢
7353.33%
6226"
6227"
7839.332
7726.33¢
7329.179%f
7291.17%
6151.5'
6122.5'
7734.83%¢
7758.33%
7303.67¢f
7235.33¢
6143.83!
6132.5'

ol o> gy ozl ans 50 )l ime (6ylol Cglis dgu5 oaimd U5 (gt ya > lie By b (cla pSSle
Means with similar letters in each column, are not significantly at P<0.05 level of probability.
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Table 7- Mean comparison of the interaction effect of irrigation method, fertilizer and bacteria, fractional cut according to
irrigation method on BPD and NBPD

BPD NBPD
=858 sl TN LI 3l sl
35 (Flood irrigation) (Alternative irrigation) (Flood irrigation) (Alternative irrigation)
Fertilizer BYRY g - -
( ) T o ey T o ety
s (With st (With el (With st (With
(No. bacteria) (No bacteria) (No. bacteria) (No. bacteria)
bacteria) bacteria) bacteria) bacteria)
+laglror ik _ _
(Nitrogen 50+ 0 18197 32636%0 11621 29149" 11600* 26050% 8520.14i 25241f
Biochar)
Ve sleglroe ojg _ _
(Nitrogen 50+ 10 21638%  33464% 39109° 38217° 135821k 25395% 349511 33220%
Biochar)
Yo lasliror o3
(Nitrogen 50+ 20 36531 32417°%9 74450° 66412 26721 22607°1 67412° 664122
Biochar)
gl Vo 1k A A A ) .
(Nitrogen 75+ 0 26823" 22026k 31318%" 18436/ 20275%" 154071 18956" 13924'
Biochar)
Vo sl alitVo oy5g s
(Nitrogen 75+ 10 38208 29811% 339740 444221 30096 217081 25617 33435%
Biochar)
YeslagalrVo g i
(Nitrogen 75+ 20 35145 44216 773447 58106° 25229¢% 34309° 58159° 43773°
Biochar)
*largalkY o v (5o 0 ) ,
(Nitrogen 100+ 0 246271 304321 21877 31811% 17984" 2385201 14735 21265%
Biochar)
Yoo leglrY e v 9%
(Nitrogen 100+ 10 34422040 20896%" 37845 36323 26305¢ 217281 25328 24437%
Biochar)
YoslagaleY e e i sh
(Nitrogen 100+ 20 30738%" 41585% 46031¢ 65112° 20822%" 31603 30857¢ 43717°
Biochar)
ol sy ety oo s )3 o sine (6 )lel Coglis 2955 0simd (s o SIS (ysis 93 0 )3 e By | (sl Silio
Means with similar letters in each tow column, are not significantly different at P<0.05 level of probability
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Introduction: Rice is a staple food source and the most important grain in developing countries, which is most
commonly consumed by more than 90 percent of the world populations. Moreover, this plant is produced and
consumed in Asia. However this major crop faces severe limitations such as water scarcity and other environmental
stresses. Limited water resources along with climate change effects, have increased attention to methods which
improve water use efficiency in crops such as rice cultivation. On the other hand, traditional irrigation methods for
rice production often waste considerable fraction of irrigation water. Therefore, it is necessary to modify irrigation
and other farming methods. Furthermore, using biochar and nitrogen fixing bacteria as organic biofertilizers can
be effective methods to improve water use efficiency and yield attributes of rice plant. Therefore, the present
research was conducted to investigate the effect of biochar and Azosprillum lipoferum rhizobacteria on yield and
water use efficiency on Tarom Hashemi rice cultivar of under flooded and alternating irrigation regimes.

Materials and Methods: This study was conducted at the research fields of the Sari Agricultural Sciences and
Natural Resources University in 2017 and 2018. The experimental site is located at 36° 39'42" N latitude and
53°03°54" E longitude with -11 m above sea level. Soil samples were taken from depths of 0-30 cm before land

preparation. The experiment was done in factorial split-split plot arrangement with complete randomized blocks
based design with three replications. Treatments included two irrigation management methods (flooding and
irrigation regimes) in combination with nine fertilizers levels (100% of recommended nitrogen or N100, N100+
10 ton biochar or biochar 10, N100+ biochar 20, N75, N75+ biochar 10, N100+ biochar 20, N50, n50+ biochar 10
and N100+ biochar 20) as main plots and seedling inoculation with Azospirillum lipoferum bacteria (without
inoculation was also included as control) as sub plots. Plot ridges were covered by plastic sheets and inserted into
the soil at 50 cm to prevent water flowing from one plot to the others. The plots were then leveled and 3-4 leaf
seedlings stage. A specific number of seedlings were gently washed and placed for 30 minutes in a pan containing
10 L of water mixed with 1 L of bacterial inoculum. Carboxymethyl cellulose, 15 g, was added to increase adhesion
of bacteria into the plant roots. Nitrogen, phosphorus and potassium fertilizers were applied according to the results
of soil analysis. Weeds and pests were controlled mechanically or by hand and no herbicides or pesticides were
used.

Results and Discussion: Results showed that biochar and nitrogen fertilizers, irrigation methods, and seedling
inoculation with bacteria had significant effects on water use efficiency indices. Comparison of means of
interaction effects showed that the highest paddy yield (5950.43 and 5330.78 kg/ha, respectively) were observed
by flooding irrigation method in combination with N50 + biochar 20 treatment and inoculated by Azospirillum
lipoferum bacteria and alternating irrigation management method which was along with N50 + biochar 20 without
inoculation. Alternating irrigation plots experienced water shortage in some growth stages and therefore slightly
lower paddy yield is acceptable. Application of biochar 20 and flooding or alternating methods which treated by
N75 and N50, respectively showed 49.1% increase in economic efficiency index.

Conclusion: In general, application of 20 ton biachar along with 75% nitrogen fertilizers led to 42.8% increase
in economic advantages in alternating irrigation method as compared to the flooding systems. These observation
indicates beneficial effect of fertilizer in economic advantage enhancement in rice cultivation.
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Figure 2- Interaction effect of Irrigation x method of cultivation on rice yield traits



B

29 @ Oy des 2 Fhb g slosbd 5)ke! slaiboln 3

0 2ol g0

-

o¥9) 9

Lig oS

3

o

M’D’.’a’.um“

&Y

VeYYoL,

"ATaAnaadsar A11[iqeqoad Jo [2A3] 104 pUB Coy 18 JURIJIUTIS PUL JUBIIJIUTISUON 4, PUR 4 < SU

SW 3 g% P (0 & oS S emTq 6ol e g 6y T

AD
811 € L z 9 t L ¥ z S 9 o o(cfo)
oo
uoneAnny)
€10 Se's 0r'6 0¥'6 LI°0 9t'8T 85°0 #200°0 118091 8€°0 €10801 6064L9 . uonesLLx
3«3 X S|
10119 poyaw
uoneAnn)
#£09'C wl 01 £90'9L £90°9L A ££L9°LT #:€TL #£80°0 wl 16818 #+0T8  #+€SLSTEE  ##6SLPES6 T feo
b L
potpaw
100000 W8€°1 wl9'1 #%56°S61 w4t 10T « 177681 w9%00°0 #+90°0 SU9gLLY 1 $TLT #+9TTSTIE  +xTOPSIGFI I uoneARINg
6 g
011D WRISAS
uonesLL|
«0€°0 wl'¥ wuST01 wST01 #16°0 wSSET wll'0 «6000°0 w91t «99°0 wu066ZE1 w9069 ¥ e
.,.nu:mn.?u.adb_
W2)SAS
. #%9°6L #+6T 1SY wx ST #4S0'LT  wxl1'ELOT wbT 1T #xE1°0 #xST9L19ST  #x00'9  4xTOCTOSTI  #+L9LSLESY T uone3Lu
#:81°9 e 050
:o_ﬁu__mum
w80 990 wWbLTI wOL'TI w0 WP Tt wS1°0 «9100°0 wl LS8 w910 Wl P9 wl9ILIT 4 o[
SN 1a)snpd jo IUEIELY
ME[D spaas Aydwa 3ud] xaput ) [ ELEN
AW g SR quny sprueg sy w3 anm M SIAIBH  prod meary  [BBo[org w SouELIEA
-uoN - cee Jo Iquny Juelq -0001 vl (A o e . o e fjes? J0 22.ano0g
: | #o Raluad ) o 4 e soploqe HElRe : o
qrec (3 & <jee . e €l : R o
. I"ms S : 84 (D A < oM e
iy 35 G P 60 o ’ M Tors‘c
S)IEA) JNUOUOITY
onm (657

POYIAU UOBAD[ND x JUIWPELIL) WAYSAS uonedLLI Japun sanaddoad drmouo.ade 311 Jo IdUBLIEA Jo SISK[RUY -7 Qe ],
<P \- ol 6o wrbeqo (057 HR pon gt oyl w05 5 (600 gomry



1129 (50— 53T B oyl FF wl> (S g ol ay s Ve VY

25

=)
o 20 ;
3E B o ol

(=2}
) g 15 Flood Irrigation
3 = 10 O ol orkab 55
\% g, Trickle Irrigation
e = 5 | AT

- 0 I Sprinkler Irrigation

Lol cus
Seedling Cultivation

[SRARN

Direct Cultivation

Cultivation method

Wls 4130 (339 S (59, CuiS (g, x (5l e 1Y S
Figure 3- Interaction of irrigation x method of cultivation on 1000-grain weight trait

140 a
2 b
(&]
-g 120 . @
2 100
18 g0 Wl s
2 £
2 8 60 Seedling Cultivation
% D
=)
3\ s 20 Direct Cultivation
g o M
g e ole] &l o)kab )be] St sl
2 L
Flood Irrigation Trickle Irrigatior  Sprinkler Irrigation
&)L‘.—.‘T &y
Irrigation method
a
= 60 a
s 50 b
3 i=
> g 40 a 2
% 80 30
v g 20 Seedling Cultivation
3 é 10 Direct
E 0 ! | Cultivation
(s ‘S)L.:-.;l sl oykd (s Ll bt 6)L:J.]
Flood Irrigatior  1ickle Irrigation Sprinkler Irrigation
sl gg

Irrigation method

M?)D«Sysfﬁ,bb‘m‘mds)wﬁws)x ‘_g)l,\‘JiJJWw)J‘—f JS.w
Figure 4- Interaction of irrigation x method of cultivation on number of full and empty seeds traits per panicle

A8y g il als e 3 O oS Bas (YY) ohLsan 5 S5

Sl ol & (o s I3 byl al bty ing05 (3155 1,
(YY) o)) 5 (5 .00,5 adsd 13 Sg aily dlaws il58 o
Tr 3PS 093 (M obsS s & (laa pde 13903 (515
039 9 &g o)k Aozl 3)Slos (glipl B ca Wigb o

Al oryiae 1y Hosb slaassy

Gl L) ST olj es e 1l 5 Widges a0 (o)l b

Er 2Nes 5 0y glaadlie (5, (i

Sl Vo B ¥ 5O glis)



Ve YD, ).'x.gmﬁ.’;mmséwwjg)so)bgTé)saﬁscjﬁ; Sl"‘ﬁ@')hjd‘%ﬁéﬂgiéudbuﬁﬁj

039 03P Cum ) gl S aw (f5e iiB)S )18 59, Ve ke
290k 38 2oy 3l (p VL (0) CBl iR ()l gme 9oty
ol o 4y (¥4 9 F/F) (sloshad g o)l )bl > olis sy
S S Jboyd il o e @olds (V) iw gybol b &S
@ (VAP) Ghb cilal )3 y9rk pd domiy Sy o YL i
o gime glis (Y/A 9 ¥/+¥) i g (sloyhad ()bl b oS sal o
dgs0S &S L0905 by (YV) 956 ¢ (oldy (F JS—3) el
Jsl 51 epSsls b Bg e bl 5 b ol &y oyt
o U)9 444»)9} )3 » 4)‘.) JI.\.U Gt_§.~v> OJLO c.o.?u cj).: C.‘a.w £W
Dg 3815 3 (YWWAD)
Sy ST ol
5 35 gy blite Sl a5 ol i uibyly 4500 ol
i S (Y Jgan) o9 o pme (Byae Ol lie p s L]
PeaSe yie VeVer) i )l p (Byas O Hlade cp ke
iy ) Sl g cai—)ly kel clasbyy g ol 039 (S
bl o b (gl bz gy (jbSa j3 o yio AV e 5 VYA

bl slong) il 3 G5 455y el by g oo 4
$3e Sos g dild dlaws (ili8l g 4 ded euie Linlidl o Wwley
&S (WM) e 5 | ol o (gl adl b zols ) sl
Widgy 03l Hy8 el 3y90 8y A 2 1y (gL 4SS b,

il Slgren

2900 Al 9ok da
099 9 ol Blise 3l a3 Lt uilyly 4o @l
(Y Js2) 392 Bisine sl e 9 p9sl aoey S p el
polie b aS 39y (YY/F) i (oylol o ol 3 olass op 5 i
Sglas (YWY 4 YVIE) Shb g e o)y (opll saalee vy
CuiiS )0 5ol oy dlass o YL a8 Jls > (0 JSTB) 3yl o sixe
dol Cawd 4 (YUY 9 ¥V/+5) Cui—6)lg g ot 65kl 53 pubitans
JSs) el o e cglas (YEIY) SIL ookl po ol olaws b oS
Giliseo sy 3 1 O 398 @l (18) o Kan 5 255 ey (0
38es (slil g 3)Sdas o dadily (0 g (2AS ((ag) 20,
ol glis 38" (i G g b 35 ooyl @ o) sl
el (65 sme yobdy g,y dls e )3 Ol dgueS aS 0l i
5 siuly as po j0 a8 Jbo o i baas e g W glas)] ialS
gy dlye jd g0l ialS ]y ladsly fyjg g wld dlas cly s
By RS 00 39 i Ol 2908 4 @ Sladigy Sl

(F JSa)
5
z
S 4
. [<5] B
é E 3 W e bl
S 5 Flood Irrigation
CR ey -
g e O closkad ¢yl
3\ s 1 Trickle Irrigation
28 L o]
o DL RESL
§ R RARLNAY e S Sprinkler
< Seedling Cultivation Direct Irrigation
[SRAF Cultivation
Cultivation method
40
=
s
o -
3 30 _PEM
> E 20 Flood Irrigation
g 46 Dlgla,]aé‘g,lu]
-2 S
3 g 10 Trickle Irrigation
g S ol
o

o

el s

Seedling Cultivation AN

Sprinkler Irrigation

Direct Cultivation

cultivation method

2954 7€ 9 595l Aoy DR o (g9, CudS (g, x (55l e 5T -0 JSCd
Figure 5- Interaction of Irrigation x Method of cultivation on number of fertile and non-fertile tillers



AR oo — 55T b ojlos FF ale (S g T 4,25 V2 YF

18000 a

16000
QL = 14000
o E
}= S 12000 b
3 < b
~ o 10000
2 %
) 2 8000 7
W 8 6000 %
2 g 4000 /
4@ 5000 /
= . /‘é

Seedling Cultivation

S gy

b
b P
% Flood Irrigation
% Tric:: ‘;::g;?;n
é Sprinkkrjl):ridg);ion

Direct Cultivation

Cultivation method

14000
12000 a
10000
8000
6000
4000

2000

(US> oo yio) (e ol 3o
Water consumptiom trait (m3/ha)

ol s

Seedling Cultivation

L e el
Flood Irrigation

O (shopks sl
Trickle Irrigation

Sht skl

N

Sprinkler Irrigation

c.is ¢y Direct Cultivation

Cultivation method
8395 Cumnd § 3,500s o (595 CuniS uﬁg)xd)lgi JlEo 519 (Ao 1 ol Céo 89y Cuis uf}g)x‘_s,k-:i Fe 515 S
Figure 6- Interaction of Irrigation x cultivation method on water consumption trait and interaction of irrigation x cultivation
method on biomass yield
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Figure 7- Interaction of irrigation x cultivation method on harvest index
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Introduction: Rice is the second most important edible grain after wheat in Iran. The most important factor
for sustainable production in rice production lands, is water. Almost 75 percent of the world's rice is produced
from paddy fields and rice is the largest consumer of water among all crops. Its growth is significantly affected by
climate change and water scarcity. This research was carried out to compare the direct cultivation and transplanting
of rice under different irrigation methods from the point of view of water productivity.

Material and Methods: The current work was designed as split plot based on randomized complete block
design with 6 treatments and three replications in 18 plots with 6 m wide and 12 m length (72 m 2) in area of
approximately 1500 m? at the Agricultural Research Station of Golestan province in spring and the summer of
2018. Treatments including three levels of basin irrigation, sprinkler and drip (tape) irrigation were considered as
main factors and two methods of direct cultivation and transplanting were considered as sub-factors.

Results and Discussion: The results of analysis of variance showed that the effect of irrigation and sowing
method on the yield of rice were significant at 0.01 level probability. The highest amount of biological yield in
transplanting was obtained by basin irrigation (8177 kg/ha) and in direct seeding in basin irrigation and taper
irrigation (7375 and 6836 kg/ha, respectively). The highest 1000-grain weight in transplanting method was
obtained in basin irrigation and direct seeding method in traditional irrigation and tape irrigation. The highest
number of filled grains in the panicle was observed in the basin irrigation treatment in transplanting, with
significant difference compared to the amount observed in direct seeding. Traditional irrigation between planting
methods had not significant effect on the number of hollow grains; while in sprinkler and tape irrigation (with an
average of 51 and 56 for sprinkler and tape irrigation, respectively), the number of hollow grains had a higher rate
in direct seeding (with an average of 41 and 45 for sprinkler and tape irrigation). The results showed that basin
irrigation with 8177 kg/ha grain yield in transplanting method and basin and tape irrigations with 7375 and 6836
kg/ha in direct seeding method had the highest grain yield. Sprinkler irrigation had the lowest paddy yields in
transplanting (4188 kg/ha) and direct seeding (5712 kg/ha). Tape irrigation with 7390 and 6840 m? of consumed
water, resulted in lower water consumption compared to traditional irrigation (10700 and 1693 m?), respectively.
The highest amount of water use efficiency was obtained in direct and tape irrigation (0.99 kg/m3) and in traditional
and tape irrigation (0.76 and 0.66 kg/m?, respectively).

Conclusion: Adjusting water consumption both through lower water consumption and reduced water wastage
can lead higher water productivity of rice production systems creating sustainable rice production systems. In
transplanting method, tape irrigation and traditional irrigation had higher water use efficiency than sprinkler
irrigation, although a significant water use reduction in tape irrigation rather than basin irrigation should be
analyzed economically at real water prices. Overall, in this study, the tape irrigation method, by reducing water
consumption, was able to increase water productivity and maintain the yield of rice in direct cultivation. Sprinkler
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irrigation had the lowest yield of rice in transplanting and direct cultivation. Problems such as lack of uniformity
of spraying and waste water through the wind as well as poor quality of sprinklers are the main reasons for the
decrease of the efficiency of sprinkler irrigation.

Keywords: Direct cultivation, Transplanting cultivation, Trickle irrigation, Production, Rice.
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Table 1- Analyze of laboratory data correlation

>l 39 (e Sl ) oy o S R o o
Parameter balaSE s Silt Clay Fine sand (EC) (SAR)
(MWD)
mm A A A dS m? (mmoles L1)05
h8 (g el n
(MWD) laailiss
(Silt) e -0.2" 1
(Clay) s, -0.18" -0.33™ 1
(Fine sand) ;,, ;s -0.44™ -0.04 0.19 1
(EC) )5 -0.65™ 0.08 0.23™ 0.59™ 1
(SAR) s i o -0.69™ 0.14 0.25" 0.32" 0.63" 1

(Significant at the 0.01 level)ao s V gdaw )3 5l axe *¥* (Significant at the 0.05 level) wo s & aaw 3 ls gxo :*
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Figure 2- Zoning map by fuzzy multiplication (a) and summation (b) method
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Table 2- The area and percentage of classification of zoning map by different fuzzy methods

(Sivdigg Ol oS Shishs oS b baogio s byl b s ki
Sy A Sl g b9, Very low risk Low risk Medium risk  High risk Very high risk
635 gen 4 24 42 502 5755
(Summation)
3{CREw 4548 1322 350 38 69
(Multiplication)
Y LB 3388 856 1003 556 524
(HiSa) atl colus (Gamma 0.2)
(Area (ha)) <o LK 2563 941 851 1200 313
(Gamma 0.5)
<A LB 1189 1497 907 1372 1362
(Gamma 0.8)
<A LE 313 769 1390 1272 2583
(Gamma 0.9)
S5 o 0.06 0.38 0.66 7.93 90.95
(Summation)
Sl s 71.88 20.89 5.53 0.6 1.09
(Multiplication)
L Y LB 53.54 13.53 15.85 8.79 8.28
olib o)
(Class %) (Gamma 0.2)
/o LB 40.51 14.87 13.45 18.96 4.95
(Gamma 0.5)
<A LB 18.79 23.66 14.33 21.68 2153
(Gamma 0.8)
<A LE 4.95 12.15 21.97 20.10 40.82
(Gamma 0.9)
S5 g 0 0 0 0 100
(Summation)
S oy 42.29 42.43 12.10 1.06 2.12
(Multiplication)
¥ LS 12.74 19.30 31.02 18.24 18.70
B doyd
(Gully %) (Gamma 0.2)
/b LK 5.77 13.57 20.27 38.27 1.43
(Gamma 0.5)
<A LB 2.72 5.08 9.33 38 44.88
(Gamma 0.8)
<A LE 1.43 1.11 2.54 13.67 81.26
(Gamma 0.9)
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Figure 3- Zoning map by fuzzy gamma (0.2, 0.5, 0.8 and 0.9)
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Table 3- Comparison of area with high and very high risk location and gully location by different Fuzzy methods

Al (M)b))b,.:)W9,h>):4§km»M (M)b))lab)a)ws#,:dﬂamdhdmum
Map High and very high risk area % High and very high risk of gully area %
S8 o 98.88 100
Fuzzy summation
S8 2wyt 169 3.18
Fuzzy multiplication
Vil sl 17.07 36.94
Gamma 0.2
18 s ls 31.16 60.38
Gamma 0.5
A s sl 4321 82.88
Gamma 0.8
sl sl 60.92 94.93
Gamma 0.9
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Introduction: Soil erosion is the most widespread form of soil degradation jeopardizing food security
worldwide. In Iran, gully erosion is important because about 90% of the country has arid and semi-arid climates
and rainfall is not adequately distributed. In such conditions, the absence or lack of vegetation cover with
increasing runoff causes more than 2 billion tons of soil losses annually. Therefore, conducting basic and applied
researches on soil erosion via different methods for comprehensive management of natural resources is
emphasized. The prerequisite for all kinds of erosion, such as gully erosion, is the prediction of the risk of gully
formation in different areas susceptible to erosion.

Materials and Methods: The study area is located in Ghaleh Gorg watershed which sub-basin of Shahid
Modarres that large part of these farmlands has been destroyed by gully erosion. The purpose of this study was to
apply fuzzy logic operators for gully erosion zoning. In this research, six effective parameters on soil erosion
including mean weight diameter of aggregate, sodium adsorption ratio, salinity, percent of fine sand, silt and clay
were determined according to standard laboratory methods. After re-classification, standardization of prepared
layers was carried out by the Fuzzy method. Hence, Fuzzy-based layers were integrated using operators of Fuzzy
algebraic sum, Fuzzy algebraic production and Fuzzy gamma with 0.2, 0.5, 0.8, 0.9 values and the obtained results
were evaluated. The validation of prepared maps was done based on two methods of map matching percentage of
areas with very high and high sensitivity with gullies map of the study area and quality sum index (Qs).

Results and Discussion: The Fuzzy results of raster layers showed the relative accumulation of silt, clay and
fine sand grains in the middle to western parts of the region due to leaching and soil aggregation of Aghajari
formation with a high slope of >20%. The deposition of this sediments was with 0-5% slope in the middle and
western part of the basin. Results of layer integration indicated the fact that the fuzzy summation and multiplication
method are not suitable approaches for final mapping because of their high increasing and decreasing effects,
respectively. About Fuzzy Gamma operator 0.2, the results revealed that about 17.07% of the area was in the high
and very high-risk zone and 67.07% of the area was in the low risk zone. In Fuzzy Gamma 0.5, about 31.16% of
the area was in high risk and 55.38% in low risk zone. And only 60.38 percent of the gullies was in the high-risk
area. Thus, these both operators 0.2 and 0.5 cannot be an acceptable method for preparing the final fuzzy map.
The results of gamma operator 0.8 showed that about 43.21% of the area was in high and very high risk classes
and 42.45% of the area was in low and very low risk classes. In the gamma operator 0.9, about 60.92% of the area
was in high and very high risk zone and 17.1% of the area was in low and very low-risk zone. Also, regarding the
distribution range of gullies, 94.93% of gullies was in high and very high risk classes, which is more acceptable
and better than gamma 0.8. According to the obtained results, Fuzzy gamma 0.9 with 94.93 matching percentage
of areas containing very high and high sensitivity and maximum quality sum index (0.73) among different
operators was selected as the best method for preparing Fuzzy map in the study area.

Conclusion: According to the results of this study and its comparison with field observations, effective factors
contributing to the initiation and development of gully erosion were sensitivity of the geological formations, soil
texture type, salinity and alkalinity and non-implementation of biological and biomechanical operations to the soil
and vegetation cover restoration. Around 3855 hectares (60.38%) out of 6327.5 hectares of the total studied area
were at high and very high erosion risk. Furthermore, 2056 hectares (94.93%) out of the 2166 hectares of the
gullies area were at high and very high risk of erosion, denoting the high accuracy of the final map. Among the
available methods, Fuzzy Gamma 0.9 with the highest overlap between the area of high and very high-risk classes
of the gully map (94.93%), and the highest qualitative sum index (0.73), was selected as the best fuzzy method for
zoning in the study area.
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Table 1- Tolerance potential of used bacterial strains to water deficit, salinity and phosphorus solubilization from rock
phosphate and tricalcium phosphate sources
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Bacterial Bacterial strains Solubility of Solubility of rock Salinity Drought
treatments tricalcium phosphate (mg 1) tolerance tolerance

phosphate (mg 1) (YoNaCl) (bar)

Bacillus pumilus strain

B1 W72 58 37 4 -17.17

B2 B. safensis strain W72 101 69 8 -22.17

B3 Staphylococcus succinus 290 131 8 9917

strain R12N2
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Table 2- Physical, chemical and biological properties of used soil
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Table 3- ANOVA of measured traits in plant
Source B W F BxW BxF WxF  BxWxF Error

DV df 3 1 5 3 15 5 15 96

PIH 93.80™ 25262.50™ 69.70™ 60.30" 9.60" 20.60™  6.60" 13.10 6.62
FCI 8.13" 156.25™ 3.68™  0.16™ 0.48™ 0.33™ 0.35"™ 0.62 14.08
R/Sh 0.01™ 0.11™ 0.00™  0.01™ 0.00" 0.00™ 0.00m™ 0.00 13.06
TWP 79.60™  11399.50™ 32.30" 44.50™ 4.107 2.70™ 1.60m 3.50 6.95
GrN 499 151127 ** 2851 2877 276™ 202" 151" 233 1218
TGW  162.66™ 182478  0.13™ 53.97™ 0.08™ 0.14™ 0.10" 2.97 51
RPC 0.31™ 1.54™ 0.18"  0.13™ 0.01™ 0.01™ 0.01™ 0.00 3.66
SPC 0.00™ 0.01™ 0.00"  0.01™ 0.00™ 0.00" 0.00™ 0.00 3.46
GPC 0.09™ 0.44™ 0.05" 0.04™ 0.00" 0.00" 0.00™ 0.00 3.11

Pl & atyy Sizs (59 Camd (FCI) 5,k sloass (PIH) olS glis) (DV) dily (sl piie (F) (6 yand sbosgS (W) SK O i (B) (ol 8L slaylows
(GPC) &l jaud cdalé (SPC) plsn plul yaud clalé (RPC) iy yad clals (TGW) il Jlia 59 (GIN) sl slaws (TWP) oS S Kid 155 {RISH) olsn
P <0.05 g)b sxe jue gP<0.01 p<0.05 > g)b xoodizd lis iy 4 NS g ***

Bacterial treatments (B), Soil Water Content (W), Phosphorus Fertilizers (F), Dependent Variable (DV), Plant Height (PIH), Fertile
Clusters (FCI), Root dry weight /shoot dry weight ratio (R/Sh), Total Dry Weight of Plant (TWP) Grain Number (GrN), Thousand

Grain Weight (TGW), Root Phosphorus Concentration (RPC), Shoot Phosphorus Concentration (SPC), Grain Phosphorus
Concentration (GPC). *,** and " indicate significant at p < 0.05, p < 0.01 and non significant at p < 0.05, respectively.

CV%

Mean squares (MS)

P 8lS (53,5dos g wdy Olho (5 pbwd 355 ol O 1 1 1Klo dnylio -F Jous
Table 4- Mean comparison of main effects of P-fertilizers on yield and growth traits of wheat
Cd 355 sslo  oLS g5 )] Sl 4o b adigh dlaai  aLS S SUES (59 &> dlaws

P fertilizers Average of plant ~ Fertile cluster ~ Total dry weight  Grain Number
treatments height (cm pot?)  (number pot™)  of plant (g pot?) (number pot™)

0] 52.13¢ 496 ¢ 2511c 107.96 b

F1 52.81 bc 5.25 bc 25.80 bc 11529 b

F2 55.39 ab 5.67 ab 27.27 ab 129.46 a

F3 55.82 ab 5.92a 2758 a 133.38a

F4 56.10 a 5.88 ab 28.08 a 134.29 a

F5 55.53 ab 5.83 ab 2747 a 130.75 a

bl 03 (P<0.05) o gimo BT (gl gt o j3 S yiiie Bgys L dlacl
Numbers followed by the same letter are not significantly differentns (P<0.05).
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Table 5- Mean comparison of mutual effects of soil water content and bacterial treatments on yield and growth traits of

wheat
Ay y SUlS (459 Commnd 50 &3 Slass
<! df"“ du,':wy oS £lis) oo PISISES 039 2 s g s oiy O &l 138 o339
_‘Sl’ “’ib"’; b Average of plant <lgd Total dry weight Grain Thousand
soil water  Bacterial height (cm pot?) Root dry weight of plant (g pot) Number grain
content treatments /shoot dry weight (number weight (g)
ratio pot™)
BO 41.37c 0.16 d 17.13d 90.11d 29.87 de
3 B1 4114 c 0.19c¢ 17.83 cd 92.06 cd 28.43 ¢
= B2 39.85¢ 0.20c 17.83 cd 83d 31.44d
B3 43.17c 0.22 be 19.15¢ 106 ¢ 31.08d
BO 64.27 b 0.25ab 32.25b 161.22 a 33.62¢c
L B1 67.98 ab 0.25a 36.72a 167.06 a 35.84b
= B2 68.92 a 0.25a 38.03a 157.94 ab 39.16 a
B3 70.32 a 0.25a 36.12 a 144.11b 40.68 a

Al e (P<0.05) s jxe OMBT (gl)ls i o 5> S yiitio By > L olacl
Numbers followed by the same letter are not significantly differentns (P<0.05).
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Figure 1- Mean comparison of main effects of soil water content and bacterial treatments on fertile clusters
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Figure 2- Mean comparison of mutual effects of bacterial treatments, soil water content and P-fertilizer on phosphorus
concentration of root, shoot and grain



e GBS 1 B ylers 3 oo g3l (s Tpliilin] o uslewls 5 1 Gas g 13

8w (6358311 Clho (ym (ygw st (Swnod - Joua
Table 6- Pearson correlation among measured traits

Traits PIH FCI R/Sh TWP GrN TGW RPC SPC GPC
PIH 1™

FCl 078" 1™

R/Sh  0.68™ 056 1

TWP 0.98™ 0.76™ 068" 17

GrN  0.89™ 0.73" 0.66™ 0.89™ 1

TGW 0.83" 0.60™ 054~ 0.84™ 0.64™ 1

RPC 0.71™ 0.65™ 0.60" 0.72™ 071" 0.67™ 1™

SPC  0.68™ 0.61™ 057" 0.69™ 0.67" 0.64™ 096" 1™

GPC 0.70™ 0.64™ 0.60™ 0.7 0.70™ 067" 099™ 096~ 17

clale (TGW) &ils 5 5 (GIN) ails shis (TWP) olS IS (S 9 (RISh) olsn plul 4y ady, (Sits ()5 Cammss FCI) oyl (sloasiss (PIH) ol ¢lis)

P<0.01 1l inn (Sirod 0didd (U5 ** (GPC) &l yind clalé (SPC) o plil yiud clale (RPC) ady) yiud
Plant Height (PIH), Fertile Clusters (FCI), Root dry weight /shoot dry weight ratio (R/Sh), Total Dry Weight of Plant (TWP), Grain
Number (GrN), Thousand Grain Weight (TGW), Root Phosphorus Concentration (RPC), Shoot Phosphorus Concentration (SPC),
Grain Phosphorus Concentration (GPC). **, indicates significant correlation at p < 0.01

olS (63 ,Sdas g aidy slo sl Clel e 9 1S oLS calizee
5 Sl oo LY oS cusS L;]).g O,{I).gt.g AliS dgupy Iy pAS
Ale) 398 d2lge (gl ) (AT L g3 93 g A5 jl al> e dix b S
Staphylococcus (¢ xSU less 51 eolawl (la)ljesd 55 piiS cuss
B 3 deogi gly (g Sy oo Hlas 4 cuwlio sUCCinUS R12N2
3 oS Olioloj] diojls paS (ola)jand wlio ) 365

e (55 5l 23) (o bl

Slacs S o 5l S p olyon 4 Slind S Byme
» S.succinus R12N2 4 B. safensis W73 B. pumilus W72
S. succinus (535b o 55 9 FC a0y Ar b, o
Souwd clale (l58] cely FC as)d 00 ugby pdaw ;> R12N2
Sl jlas (IS jobo 0 a5 puS Wil g olen pluil cd iy,
A+ sy mdaw > L B. safensis W73 4 B. pumilus W72
dew 50 y» 4 S, succinus R12N2 (5,8 o Jg FC asy

it yiud clale Ll csl FC aoys Ar 500 b,

&l

1- Ahmadi K., Ebadzadeh H.R., Abdshah H., Kazemian A., and Rafiey M. 2018. Agricultural Statistics VVol. I: Crops
in 2016-17 years. 1% ed. Publication of Ministry of Agriculture, Deputy of Planning and Economics, Tehran, Iran.

(In Persian)

2- Barnawal D., Bharti N., Pandey S.S., Pandey A., Chanotiya C.S., and Kalra A. 2017. Plant growth-promoting
rhizobacteria enhance wheat salt and drought stress tolerance by altering endogenous phytohormone levels and
TaCTR1/TaDREB2 expression. Physiologia Plantarum 161: 502-514.

3- Delfim J., Schoebitz M., Paulino L., Hirzel J., and Zagal E. 2018. Phosphorus availability in wheat, in volcanic soils
inoculated with phosphate-solubilizing Bacillus thuringiensis. Sustainability 144: 1-15.

4- Etesami H., and Maheshwari D.K. 2018. Use of plant growth promoting rhizobacteria (PGPRs) with multiple plant
growth promoting traits in stress agriculture: Action mechanisms and future prospects. Ecotoxicology and

Environmental Safety 156: 225-246.

5-  Glick B. 2012. Plant growth-promoting bacteria: Mechanisms and applications. Scientifica 1-15.

6- Heydarian Z., Yu M., Gruber M., Glick B.R., Zhou R., and Hegedus D.D. 2016. Inoculation of soil with plant growth
promoting bacteria producing 1-aminocyclopropane-1-carboxylate deaminase or expression of the corresponding
acdS gene in transgenic plants increases salinity tolerance in Camelina sativa. Frontiers in Microbiology 7: 1-17.

7- Hokmalipour S., Panahyan Kivi M. and Shiri Janaghard M. 2018. The Effect of Seed Inoculation with Azotobacter
and Azospirillum on Yield and some Qualitative and Quantitative Characteristics of Safflower at Different Planting
Date. Journal of Water and Soil 32(5): 931-942. (In Persian with English abstract)

8- Inwati D.K., Yadav J., Yadav J.S., Pandey G., and Pandey A. 2018. Effect of different levels, sources and methods
of application of nitrogen on growth and yield of wheat (Triticum aestivum L.). International Journal of Current

Microbiology and Applied Sciences 7: 2398-2407.

9- Johnston A.E., and Syers J.K. 1998. Nutrient Management for Sustainable Crop Production in Asia. Wallingford,

UK, CAB International. 394 pp.

10- Kader M.A., Main M.H., and Hoque M.S. 2002. Effects of Azetobacter inoculant on the yield and nitrogen uptake

by wheat. Journal of Biological Sciences 2: 259-261.



AR g0 ,3T ) oyl FF als (S g ol 4,25 V1 OF

11-

12-

13-

14-

18-

19-

21-

22-

24-

25-

27-

28-

29-

30-

31-

32-

Kadmiri .M., Chaouqui L., Azaroual S.E., Sijilmassi B., Yaakoubi K., and Wahby I. 2018. Phosphate-solubilizing
and auxin-producing rhizobacteria promote plant growth under saline conditions. Arabian Journal for Science and
Engineering 44: 3403-3415.

Kaur G., and Reddy M.S. 2015. Effects of phosphate-solubilizing bacteria, rock phosphate and chemical fertilizers
on maize-wheat cropping cycle and economics. Pedosphere 25: 428-437.

Kaushal M., and Wani S.P. 2016. Rhizobacterial-plant interactions: Strategies ensuring plant growth promotion
under drought and salinity stress. Agriculture, Ecosystems and Environment 231: 68-78.

Khalili-Rad R., and Mirseyed Hosseini H. 2016. Assessing some root morphological properties and efficiency
indexes in several phosphorus efficient and inefficient cultivars of wheat Journal of Soil Management and Sustainable
Production 6(3): 65-82. (In Persian with English abstract)

Klute A. (Ed), (1986). Methods of Soil Analysis. Part 1: Physical and Mineralogical Methods. 2nd ed. Agronomy,
ASA and SSSA, Wisconsin, USA: Madison.

Li H., Lei P., Pang X,, Li S., Xu H., Xu Z., and Feng X. 2017. Enhanced tolerance to salt stress in canola (Brassica
napus L.) seedlings inoculated with the halotolerant Enterobacter cloacae HSNJ4. Applied Soil Ecology 119: 26—
34

Malekutey M.J., and Gheybi M.N. 1997. Determination of Critical Level of Nutritional Elements in Strategic
Products and the Correct Recommendation of Fertilizer in the country. Agriculture Education Publication, Karaj, 56
pp. (In Persian)

McBeath T.M., McLaughlin M.J., Kirby J.K., and Armstrong R.D. 2012. The effect of soil water status on fertiliser,
topsoil and subsoil phosphorus utilisation by wheat. Plant and Soil 358: 337-348.

Moradi M., Siadat S.A., Khavazi K., Naseri R., Maleki A., and Mirzaei A. 2011. Effect of application biofertilizer
and phosphorus fertilizers on qualitative and quantitative traits of spring wheat (Triticum aestivum L.). Journal of
Crop Ecophysiology 18: 51-66. (In Persian with English abstract)

Musavi R., and Sepehr E. 2014. Phosphorus efficiency of some barley genotypes in the presence of phosphate-
solubilizing microorganisms. Journal of Science and Technology of Greenhouse Culture 16: 27-40. (In Persian with
English abstract)

Nadeem S.M., Zaheer Z.A., Naveed M., and Nawaz S. 2013. Mitigation of salinityinduced negative impact on the
growth and yield of wheat by plant growth-promoting rhizobacteria in naturally saline conditions. Annals of
Microbiology 63: 225-232.

Nakbanponte W., Pantlurtumpai N., Sangdee A., Sakulpone N., Sirisom P., and Pimthong A. 2014. Salt tolerant and
plant-growth-promoting-bacteria isolated from Zn/Cd contaminated soil: identification and effect on rice under
saline conditions. Journal of Plant Interactions 9: 379-387.

Naseri R., and Mirzaei A. 2010. Response of yield and yield components of Safflower (Carthamus tinctorius L.) to
seed inoculation with Azotobacter and Azospirillum and different nitrogen levels under dry land condition. American-
Eurasian Journal of Agricultural and Environmental Sciences 9: 445-449.

Oksinska M.P., Wright S.A.1., and Pietr S.J. 2011. Colonization of wheat seedlings (Triticum aestivum L.) by strains
of Pseudomonas spp. with respect to their nutrient utilization profiles. European Journal of Soil Biology 47: 364-
373.

Ova E.A., Kutman U.B., Ozturk L., and Cakmak I. 2015. High phosphorus supply reduced zinc concentration of
wheat in native soil but not in autoclaved soil or nutrient solution. Plant and Soil, DOI: 10.1007/s11104-015-2483-
8.

Page A.L., Miller R.H., and Keeney D.R. (Eds.). 1982. Methods of Soil Analysis. Part 2. Chemical and
Microbiological Properties. 2nd ed. Agronomy, ASA and SSSA, Wisconsin, USA: Madison.

Parvazi-Shandi S., Pazoki A., Asgharzadeh A., and Azadi A. 2013. Effects of irrigation intervals, plant growth
promoting Rhizobacteria and humid acid on yield and yield components of wheat (Kavir cultivar). Modern Science
of Sustainable Agriculture 9: 9-16. (In Persian with English abstract)

Payne W.A., Hossner L.R., Onken A.B., and Wendt C.W. 1995. Nitrogen and phosphorus uptake in pearl millet and
its relation to nutrient and transpiration efficiency. Agronomy Journal 87: 425-431.

Pereyra M.A., Garcia P., Colabelli M.N., Barassi C.A., and Creus C.M. 2012. A better water status in wheat seedlings
induced by Azospirillum under osmotic stress is related to morphological changes in xylem vessels of the coleoptile.
Applied Soil Ecology 53: 94-97.

Pinton R., Varanini Z., and Nannipieri P. 2007. The Rhizosphere Biochemistry and Organic Substances at the Soil-
Plant Interface. CRC Press Taylor & Francis Group, LLC

Razzaghi B.K., Alikhani H.A., Etesamia H., and Khoshkholgh-Sima N.A. 2019. Improved growth and salinity
tolerance of the halophyte Salicornia sp. by co—inoculation with endophytic and rhizosphere bacteria. Applied Soil
Ecology 138: 160-170.

Saleemi M., Kiani M.Z., Sultan T., Khalid A., and Mahmood S. 2017. Integrated effect of plant growth-promoting
rhizobacteria and phosphate-solubilizing microorganisms on growth of wheat (Triticum aestivum L.) under rainfed
condition. Agriculture and Food Security 6(46): 1-8.



VOOV b asli b yliass 5l onds g5lwlan uslalalilinl s (uabaol iy goa g 13T

33-

34-

35-

36-

37-

38-

39-
40-

41-

42-

Salem G., Stromberger M.E., Byrne P.F., Manter D.K., El-Fekid W., Weir T.L. 2018. Genotype-specific response
of winter wheat (Triticum aestivum L.) to irrigation and inoculation with ACC deaminase bacteria. Rhizosphere 8:
1-7.

Sapre S., Gontia-Mishra I., and Tiwari S. 2018. Klebsiella sp. confers enhanced tolerance to salinity and plant growth
promotion in oat seedlings (Avena sativa). Microbiological Research 206: 25-32.

Shool A., Shamshiri M.H., Akhgar A.R., and Esmaeilizadeh M. 2014. Effect of arbuscular mycorrhizal fungi and
Pseudomonas fluorescence on vegetative growth of pistachio seedlings (Pistacia vera cv. Qazvini) under four
different irrigation regimes. Iranian Jornal of Horticultural Science 45: 297-307. (In Persian with English abstract)
Sperber J.I. 1958. The incidence of apatite-solubilizing organisms in the rhizosphere and soil. Australian Journal of
Agricultural Research 9: 778.

Timmusk S., Abd EI-Daim I.A., Copolovici L., Tanilas T., Kannaste A., Behers L., Nevo E., and Seisenbaeva G.,
Stenstrom E., and Niinemets U. 2014. Drought-tolerance of wheat improved by rhizosphere bacteria from harsh
environments: enhanced biomass production and reduced emissions of stress volatiles. PLoS One 9: €96086.
Upadhyay S.K., Singh J.S., and Singh D.P. 2011. Exopolysaccharide-Producing plant growth-promoting
rhizobacteria under salinity condition. Pedosphere 21: 214-222.

USDA. 2019. World Agricultural Production. Foreign Agricultural Service. Circular Series WAP 5-19.

Westerman L.R. 1990. Soil Testing and Plant Analysis. Soil Science Society of America, INC. Madison, Wisconsin,
USA.

Ziaeyan H., Farahbakhash A.R., Besharati H. and Joukar L. 2016. Interaction effects of phosphate solubilizing
bacteria and mycorrhiza on the growth and phosphorus uptake of Sorghum. Journal of Water and Soil 30(5): 1478-
1488. (In Persian with English abstract)

Zabihi H.R., Savagebi G.R., Khavazi K., and Ganjali A. 2009. Response of wheat growth and yield to application of
plant growth promoting rhizobacteria at various levels of phosphorus fertilization. Iranian Jornal of Field Crops
Research 1: 41-51. (In Persian with English abstract)



Journal of Water and Soil (63298 2bus 3 pale) S g O 4 i
Vol. 34, No. 5, Nov.-Dec. 2020, p. 1047-1059 »&.”M‘:&;/,ﬁf; VFY-1409 .o TR g — 15T B oleus FF uls

Effect of Super Strains of Bacillus and Staphylococcus Isolated from Dryland
Farming on Quantitative and Qualitative Indices of Wheat under Stress
Condition

E. Shirmohammadi'- H.A. Alikhani*?- A.A. Pourbabaee’- H. Etesami*
Received: 11-11-2019
Accepted: 31-10-2020

Introduction: Stresses of drought, salinity and deficiency of nutrients especially phosphorus (P) are the most
important challenges for wheat production in Iran. One of the ways to achieve more wheat yield production is
increasing of this plants tolerance to stresses of water-deficit, salinity and deficiency of essential elements such as
P; and/or alleviate destructive effects of these stresses. In this respect, use of PGPR can be useful. Research has
shown that PGPR with multiple mechanisms reduces the negative effects of water-deficit and salinity stresses, and
also increases the resistance of plants to these stresses, which ultimately leads to increase of plants growth. This
study was designed and carried out to investigate the effect of three superior PGPR on qualitative and quantitative
indices of wheat under water-deficit stress in saline soil.

Materials and Methods: The soil used in this experiment was collected from longitude of 49° 26' 25" E,
latitude of 35° 52' 26" N and elevation of 1534 m (located in the Qazvin province of Iran) from depth of 0-30 cm
of soil. According to the experimental design, 3.5 kg of soil with applying P-fertilizers treatments was filled to the
pots. The factorial arrangement based on completely randomized design (CRD) was used in this study. The
treatments were replicated three times. The first factor: soil water content at two levels including 80% and 55%
FC (W80 and W55); the second factor: Bacterial inoculants at four levels including control or non-inoculated seeds
with bacterium (BO0), inoculated seeds with Bacillus pumilus strain W72 (B1), inoculated seeds with B. safensis
strain W73 (B2), inoculated seeds with Staphylococcus succinus strain R12N2 (B3); and the third factor: P-
fertilizers at six levels including control or non-treated plants with P-fertilizers (F0), and plants treated with (rock
phosphate) RP - (F1), RP + 19 mg triple superphosphate (TSP) / kg of soil (F2), RP + 38 mg TSP / kg of soil (F3),
RP + 57 mg TSP / kg of soil (F4), with 57 mg TSP / kg of soil (F5), generally there were 144 experimental units
(pots). Also, 192 mg RP (containing 13.8% P205 or 6.13% P) was mixed per kg of soil in each of RP treatments.
Statistical analysis of data was performed using SAS software and comparison of means was evaluated by using
the Tukey's test (HSD) at p < 0.05 level. There were 5 plants in each pot and irrigated up to 80% FC with distilled
water. With the beginning of stem elongation stage, water-deficit stress was applied and continued until the harvest.
During the experiment, pots were kept in greenhouse at 25/20+2°C day/night temperatures and 16 h photoperiod
with 23,000 lux light intensity. At the end of the experiment, plants height, fertile clusters, root dry weight /shoot
dry weight ratio, total dry weight of plant, grain number, thousand grain weight, also, root, shoot and grain P-
concentration were measured.

Results and Discussion: Generally, it can be said that the moisture level of W80 compared to W55 increased
all of measured traits in wheat plant. Due to the unique properties of water and its role in biological and non-
biological reactions, by reducing soil water content to near of the permanent wilting point (W55), water absorption
by the plant hardly occurs. Therefore, the plant needs to consume more energy for water absorption or grow with
less water than normal status, which these factors disturb the metabolism of cells and eventually decreases natural
activity and growth plant. Also, it seems that under water stress condition, wheat plant by formation of
“Rhizosheaths” around their own roots, enters to the defensive phase and by this strategy prevents expansion of
their own rhizosphere. With attention to the special importance of the rhizosphere in the supply of water, nutrients
and activity of microorganisms, as well as the effect of microorganisms secretion and root exudates on the
solubility and availability of nutrients. Thus, it is reasonable that qualitative and quantitative traits of plants
decrease by reduction of the rhizosphere diameter due to the water-deficit stress. There was no significant
difference between application of rock phosphate and control (FO) for most of measured traits of soil and plant;

1- Assistant Professor, Department of Soli Science, Faculty of Water & Soil, University of Zabol, Zabol, Iran

2- Professor, Department of Soli Science, Faculty of Agricultural Engineering & Technology, College of Agriculture &
Natural Resources, University of Tehran, Karaj, Iran

(*- Corresponding Author Email: halikhan@ut.ac.ir)

3 and 4- Associate Professor and Assistant Professor, Department of Soli Science, Faculty of Agricultural Engineering &
Technology, College of Agriculture & Natural Resources, University of Tehran, Karaj, Iran, respectively.

DOI: 10.22067/jsw.v34i5.83826



Vo0R L b asli b yliess 5l onds gilwlan uslalaldilinl s uabaol iy gay g 13T

but, application of RP with bacterial treatments (B1 and B2 at W80 and B3 at both level of W55 and W80)
compared to the control, often increased measured traits. Moreover, each level of TSP compared to the control,
increased this trait frequently. Research indicate that RP can be used as a P-fertilizer, but its efficiency depends on
its reactivity in the soil. There is ample evidence that RP has not enough efficiency in neutral and alkaline soils;
but, it can be used as the P-fertilizer with proper efficiency in acidic soils or alkaline soil with application of PGPR.
Basically, all of three bacterial treatments (B1, B2 and B3) at level of W80 and B3 treatment at level of W55,
compared to control (without bacterial inoculation) improved qualitative and quantitative traits of plant. Research
also shows that under stressful and non-stressful conditions, PGPR can improve plant growth by different
strategies. However, this microorganism does not always improve plant growth under all conditions. It seems that
this could be due to differences in genetic and function of bacteria and with conditions change, each bacterium
may behave differently.

Conclusions: In general, for wheat cultivation that may get exposed to moisture stress at one or more stages
of its growth (such as dry-farming of wheat), the use of B3 bacterial inoculant (Staphylococcus succinus strain
R12N2) seems appropriate for crop management. Because in this study at both W80 (non-water-deficit stress) and
W55 (severe water-deficit stress) levels of soil water content, B3 treatment increased qualitative and quantitative
of wheat traits. In other words, because of the natural conditions of the dryland farming, the probability of
precipitation is different; it seems that B3 treatment can increase wheat production under these conditions.
However, the use of this bacterium as a biofertilizer for dryland wheat farming in Iran or other places of the world
requires further testing and evaluation in dryland farms of that countries.

Keywords: Phosphate solubilizing bacteria (PSB), PGPR, Water deficit stress
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Table 1- Chemical characteristics of chelates

Joke pH &9 PH i Gl ol e pais Sk S
Sl S5 ution S (eSS 2 p5) (0594 52 055) (20,3) 2
Compound Color pH Precipitation ~ Soluble element Complexed Complexed
pH (g kgh element (g kgt fraction (%)
Fe(Chi)z-acid-hyd BDrg\';'v‘n 35 5.5 4431 43.42 98
Fe(Chi)2-enzymatic-hyd Bl‘_rlc(;:]vr:/tn 3.8 5.0 39.50 29.50 74
Fe(Gly)(SO25H0 DK 45 5.0 181.2 108.6 60
Red
[Fe(Phe)].(S04)25H,0 LI 3.2 5.2 21.50 10.20 a7
Red
[Fe(Met)2].(SOx).Hz20 Red 3.3 5.0 56.12 30.86 55
Fe(Tyr)s].(S04).0.5H,0 19Nt 36 6.5 14.21 07.10 50
green
Fe-EDDHA Red ---- ---- 1411 13.26 93
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1- Translocation Factor



VeFD L oal s BB g lgae 4 52T Glurgin 3 diel sl (gl 5 (5%

1€ Jglowo cuS 5 Y Jgaa
Table 2- Composition of nutrient solution

S 5 (Y90 ko) cile S5 (Y90 o) e

Component  Concentration (mM) Component Concentration (mM)
KNOs 1.00000 HsBOs 0.0200
Ca(NOs)2 1.00000 MnSO4 0.0020
NH4H2PO4 1.00000 ZnSOq4 0.0020
MgSOa4 1.00000 CuSO4 0.0005
KCI 0.05000 NiSO4 0.0010
H2Mo0704 0.00002 Fe-Organic chelates or Fe-EDDHA 0.1000
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Table 3- Percentage of Fe remained in solution after 5 days of interaction in nutrient solution
Different letters denote significant differences following Duncan test (n=3, p<5%) 2.

lis Jgloe ol Jged S Jole 45 oilondl o2l o s
Nutrient solution  Fe-organic chelates Percentage(%o) of Fe remaining in solution
NS1 Fe-Chi(A.hyd) 922
NS2 Fe-Chi(E.hyd) 71b
NSs Fe-Gly 882
NS4 Fe-Phe 65°
NSs Fe-Met 852
NSs Fe-Tyr 912
NS7 Fe-EDDHA 902

apH of nutrient solutions in all of samples adjusted in 6 on based Hoagland & Arnon, 1950.
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Table 4- Analytical data for synthesized Fe-Chelates

ool Il ed S P90 (159 (pogill) cad S ol () plewl, (7) (09 duwlixo) 00l 2adliie
Fe organic chelates Molecular weight Size of chelate (hm) Yield Found (Calculated) (%)
C H N
Fe(Chi)z-acid-hyd 564.14 1.72 85.20 43.12 (44.28) 7.70 (7.45) 6.96 (6.01)
Fe(Chi)z-enzymatic-hyd 523.12 2.24 84.00 4431 (45.82) 6.32(7.56) 5.78 (6.01)
[Fe(Gly)2.S04].5H20 413.11 0.51 83.15 6.30 (5.81)  4.17(3.66) 2.97 (4.17)
[Fe(Phe)2.S0O4].4H20 721.80 1.30 83.11 43.3.1(44.48) 6.91(5.89) 5.41(5.74)
[Fe(Met)2.(SO4)].H20 468.35 1.12 80.25 25.98 (25.64) 5.95(5.17) 5.50(5.98)
[Fe(Tyr)s(SO4)].0.5H20 704.48 1.25 81.36 46.17 (46.03) 6.33(4.86) 5.81(5.96)

(KBr ) o1 b lwginS g dinel (glas! il IR gL —0 Jgua
Table 5- Selected IR bands (cmt) of amino acids and chitosan with Fe (KBr disk)

U‘M _‘5” dlﬁb‘o))é v (NH2) Va\syml (CO0O) Vsym2 (CO0O) v (C-N) A (Vasym- Vsym ) Fe-N Fe-O
Fe — Organic chelates

Fe(Chi)2-acid-hyd 3429.2 1610.5 1410.0 1103.2 200.5 450 617
Fe(Chi)z2-enzymatic-hyd 3465.0 1600.2 1415.0 1095.0 185.2 480 652
[Fe(Gly)].(SO4)25H20 3413.8 1593.1 1392.8 1080.1 200.3 509 624
[Fe(Phe)2].SO4.4H20 3421.3 1682.2 1489.8 1148.1 192.4 482 675
[Fe(Met)2].(SO4).H20 3444.6 1608.5 1405.0 1107.1 2035 570 617
[Fe(Tyr)s].(SO4).0.5H20 3205.5 1589.2 1380.0 11534 209.5 470 493

- Asymetric

2 Symetric
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Table 6- Analysis of variance of application of Fe organic chelates on some growth indexes and Fe content in shoot and root
of corn (A) and bean (B)

(A) (1)

Slayo (eSS
Mean square

Pl Sid (439 SWis 459

e . ; Pl 53 oyl jlade 2 o2l Hlade (E7 AT
Olpdd aalio (68051 sy silop by X J ’9'5_
Source Bradford Shoot dr Root d sl e Translocation
y ry Shoot Fe content Root Fe content factor
matter matter
Sos? 6 428.97*** 30.91** 51916.89*** 126104.74*** 0.973***
Treatment
1%59
14 18.5 4.01 285.62 9857.53 0.027
(Error)
Olyuss o b
(%) 8.06 15.22 6.86 9.63 8.21
(CV)
(B) (<)
©layo (eSke

Mean square

Pl Sid (39 SWis 459

Oyl gilia S35 42 | i Pl 53 ool jlase P o8l jlais Jsit 5518
S;u rce. (Bradford) h‘;l 9: J g2 ala, Translocation
Sn:):ttte:y Rr?]gite::y Shoot Fe content Root Fe content factor
"
(Tre;tr}lent) 6 38.83** 1.183** 57819.9*** 91662.31*** 0.748%**
s
Erron) 14 9.80 0.332 1188.85 91662.31*** 0.008
(%) 10.38 7.91 13.57 12.34 11.36
CV)

T

OS> (glaals wix yg0jl ol o y> /B g /Y aws )3 I3 re i 4
0.1 significant and ™ 0.5 significant correlations with Duncan's test

FCR o ool b 5,0 sl 3l culled (izmon 5 59500 plox] S Fund G 425 EDDHA e (sjiw oluS 5 (Jy
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Figure 1- Comparison of means of shoot (A) and root (B) dry matter of corn and bean in different iron nutrient solution
(mean comparison was down with Duncan test (P<0.05) for each plant separately)
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Figure 2- Comparison of means of Fe content in bean and corn shoot in different iron nutrient solution
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Figure 3- Comparison of means of Fe content in bean and corn root in different iron nutrient solution
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Figure 4- Translocation Factor in bean (St.11) and corn (St.1) in different iron nutrient solution



1129 50— 53T B oyl FF wl> (S g ol ay s Ve VY

—>— Fe-EDDHA

——Fe-Tyr

35

I

30

25

20

15

10

Sy 58T, culS S8 ol clled

Leaf FCR activity (nmol Fe2* .g1 FW.h!

50
45
40
35
30
25
20
15
10

Leaf FCR activity (nmol Fe?* .g1 FW.h1

—o— Fe-Gly

—e—Fe-C(A.hyd)

—¥— Fe-Phe —&— Fe-Met

—+— Fe-C(E.hyd)

[6,]

Time (days)
(595) ol

Oloj Cadds b (&) gl o (A1) b 13 (FCR) U1, ColS oo 331 Cadled (59, (14€ Jolomo 45 ol s 5 510 JSd
Figure 5- Effect of Fe chelates in nutrient solution on activity of ferric chelate reductase (FCR) in corn (A) and bean (B) by

S S ) ol 39S i NS e @by 40 e S oyl

Al syt i &

time

» Sy (FCR) LSy cols o8 M}JT cdlad (WSl

Sy () 1 gl pol olS 51 i (L)) | o3l yl sy lals
Widgy 8y (S O"’T b a8 Sbls & b L s
Bib g g e bl Sy 3 58T, Culs 8 3l el
ol b el ol § GlogaS” I el S osel cowsy ls
2 opl @i Gbed S lp il S i 4wy e
Lgsbly =35 d‘)-’ ..\49_4\» odlaw! u_ngj ]a.‘.’x.a 0 ULQ»LS 4)..\:.:



ARAZA)

e BT o s BB @in (lgae 1 (58T liwgieS g asel vl glocad S (B yro

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

&l

Aciksoz S.B., Atilla Y., and Levent O. 2011. "Biofortification of wheat with iron through soil and foliar application
of nitrogen and iron fertilizers. Journal Plant and Soil 349(1-2): 215-225.

Aguila-Almanza E., René S., Zully V.G., Edgar G.H., and Heriberto H.C. 2019. Enzymatic Depolimerization of
Chitosan for the Preparation of Functional Membranes. 2019. Journal of Chemistry.

Albano Joseph P., and William B Miller. 2001. Photodegradation of FeDTPA in nutrient solutions. |. Effects of
irradiance, wavelength, and temperature. HortScience 36 (2): 313-316.

Alvarez-Fernandez A., Garcia-Lavifia P., Fidalgo C., Abadia J., and Abadia A. 2004. Foliar fertilization to control
iron chlorosis in pear (Pyrus communis L.) trees. Journal Plant and Soil 263(1): 5-15.

Belokon Yuri N., Vladimir | Bakhmutov., Nina | Chernoglazova., Konstantin A Kochetkov., Sergei V Vitt., Natalia
S Garbalinskaya., and Vasili M %J Belikov, Perkin. 1988. General method for the asymmetric synthesis of a-amino
acids via alkylation of the chiral nickel (I1) Schiff base complexes of glycine and alanine. Journal of the Chemical
Society (2): 305-312.

Bradford Marion M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Journal Analytical Biochemistry 72(1-2): 248-254.

Bruggemann W., Klaudia M.K., and Petra R. 1993. Iron uptake by leaf mesophyll cells: the role of the plasma
membrane-bound ferric-chelate reductase. Journal Planta Moog 190(2): 151-155.

Caigin Q., Xiao L., Du Y., Shi X., and Chen J. 2002. A new cross-linked quaternized-chitosan resin as the support
of borohydride reducing agent. Reactive and Functional Polymers 50(2):165-171.

Cerdan M., Antonio Sanchez-Sanchez, Margarita J., Juan J Sdnchez-Andreu, Juana D Jorda., and Dolores B. 2007.
Partial replacement of Fe (o ,0-EDDHA) by humic substances for Fe nutrition and fruit quality of citrus. Journal of
Plant Nutrition and Soil Science 170(4): 474-478.

Chaney Rufus L., John C Brown., and Lee O Tiffin. 1972. Obligatory reduction of ferric chelates in iron uptake by
soybeans. Plant Physiology 50(2): 208-213.

Chapman Homer D., and FP Pratt. 1961. Methods of analysis for soils, plants and waters, Univ. of California Div."
Journal Agrculture Science 168-169.

Chen L., Adriana O.L., Alan J., and Daniel R Bush. 2001. ANT1, an aromatic and neutral amino acid transporter in
Arabidopsis. Plant Physiology 125(4): 1813-1820.

El Bassiouny HMS., and HA Mostafa. 2008. "Physiological responses of wheat plant to foliar treatments with
arginine or putrescine".

Garcia-Brugger A., Olivier L., Elodie V., Stéphane B., Lecourieux D., Poinssot B., Wendehenne D., and Alain P.
2006. Early signaling events induced by elicitors of plant defenses. Molecular Plant-Microbe Interactions 19(7):
711-724.

Ghasemi S., Khoshgoftarmanesh A.H., Hadadzadeh H., and Afyuni M. 2013. Synthesis, characterization, and
theoretical and experimental investigations of zinc (Il)-amino acid complexes as ecofriendly plant growth
promoters and highly bioavailable sources of zinc. Journal of Plant Growth Regulation 32(2): 315-323.

Ghasemi S., Khoshgoftarmanesh A.H., Hadadzadeh H., and Jafari M. 2012. Synthesis of iron-amino acid chelates
and evaluation of their efficacy as iron source and growth stimulator for tomato in nutrient solution culture. Journal
of Plant Growth Regulation 31(4): 498-508.

Hangarter Roger P., and Triant C Stasinopoulos. 1991. "Effect of Fe-catalyzed photooxidation of EDTA on root
growth in plant culture media. Plant Physiology 96(3): 843-847.

Hoell Ingunn A., Gustav V.K., and Vincent GH Eijsink. 2010. Structure and function of enzymes acting on chitin
and chitosan. Biotechnology and Genetic Engineering Reviews 27(1): 331-366.

Hsu Hsin-Hung. 1986. Chelates in Plant Nutritio.

Jones D.L., Hodge A., and Kuzyakov Y. 2004. Plant and mycorrhizal regulation of rhizodeposition. New
Phytologist 163(3): 459-480.

Jones DL., and Hodge A. 1999. Biodegradation kinetics and sorption reactions of three differently charged amino

acids in soil and their effects on plant organic nitrogen availability. Soil Biology and Biochemistry 31(9): 1331-
1342.

Kang Seong I., and You Han Bae. 2003. A sulfonamide based glucose-responsive hydrogel with covalently
immobilized glucose oxidase and catalase. Journal of Controlled Release 86(1): 115-121.

Kobayashi T., and Naoko K Nishizawa. 2012. "Iron uptake, translocation, and regulation in higher plants. Annual
Review of Plant Biology 63: 131-152.



AR oo — 55T W oylos FF alor (S g T 4,25 Vo VE

24,

25.

26.

217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49,

Kosegarten H., Hoffmann B., and Mengel K. 2001. The paramount influence of nitrate in increasing apoplastic pH
of young sunflower leaves to induce Fe deficiency chlorosis, and the re-greening effect brought about by acidic
foliar sprays. Journal of Plant Nutrition and Soil Science 164(2): 155-163.

Kulikov S.N., Svetlana A Lisovskaya., Pavel V Zelenikhin., Evgeniya A Bezrodnykh., Diana R Shakirova., Inesa
V Blagodatskikh., and Vladimir E Tikhonov. 2014. Antifungal activity of oligochitosans (short chain chitosans)
against some Candida species and clinical isolates of Candida albicans: Molecular weight—activity relationship.
European Journal of Medicinal Chemistry 74: 169-178.

Kulikov S., Tikhonov V., Blagodatskikh 1., Bezrodnykh E., Lopatin S., Khairullin R., Philippova Y., and Sergey
Abramchuk. 2012. Molecular weight and pH aspects of the efficacy of oligochitosan against methicillin-resistant
Staphylococcus aureus (MRSA). Carbohydrate Polymers 87(1): 545-550.

Kutman U Baris., Yildiz B., Ozturk L., and Cakmak. 2010. Biofortification of durum wheat with zinc through soil
and foliar applications of nitrogen. Ismail Journal Cereal Chemistry 87(1): 1-9.

Lopez M., Flor A., Michael A Grusak., Anunciacion A., and Javier A. 2013. Iron deficiency in plants: an insight
from proteomic approaches. Frontiers in Plant Science 4:254.

Lucena Juan J. 2006. Synthetic iron chelates to correct iron deficiency in plants. In Iron nutrition in plants and
rhizospheric microorganisms. 103-128. Springer.

Lucena Juan J., Agustin G., and Villén M. 2010. Stability in solution and reactivity with soils and soil components
of iron and zinc complexes. Journal of Plant Nutrition and Soil Science 173(6): 900-906.

Manthey JA., DL McCoy., and DE Crowley. 1994. Stimulation of rhizosphere iron reduction and uptake in response
to iron deficiency in citrus rootstocks. Plant Physiology and Biochemistry.

Marschner H. 1995. Function of mineral nutrients: micronutrients. Mineral nutrition of higher plants.

Marschner H. 2011. Marschner's mineral nutrition of higher plants: Academic press.

Metsédrinne S., Rantanen P., Aksela R., and Tuhkanen T. 2004. Biological and photochemical degradation rates of
diethylenetriaminepentaacetic acid (DTPA) in the presence and absence of Fe (I11). Chemosphere 55(3): 379-388.
Mikami Y., Saito A., Miwa E., Higuchi K. 2011. Allocation of Fe and ferric chelate reductase activities in mesophyll
cells of barley and sorghum under Fe-deficient conditions. Plant Physiology and Biochemistry 49(5): 513-519.
Muhammad A., WT Frankenberger Jr. 1990. Response of Zea mays and Lycopersicon esculentum to the ethylene
precursors, smallcap “L-methionine and smallcap™ L-ethionine applied to soil. Plant and Soil 122(2): 219-227.
Nasholm T., Kielland K., and Ganeteg U. 2009. Uptake of organic nitrogen by plants. New Phytologist 182(1): 31-
48.

Ngatia EM., Gathece LW., Macigo FG., Mulli TK., Mutara LN., and Wagaiyu LG. 2008. Nutritional and oral health
status of an elderly population in Nairobi. East African Medical Journal 85(8): 378-385.

Nomiya K., and Yokoyama H., Transactions D. 2002. Syntheses, crystal structures and antimicrobial activities of
polymeric silver (I) complexes with three amino-acids [aspartic acid (H 2 asp), glycine (Hgly) and asparagine
(Hasn)]. Journal of the Chemical Society (12): 2483-2490.

Okamoto M., and Okada K. 2004. Differential responses of growth and nitrogen uptake to organic nitrogen in four
gramineous crops. Journal of Experimental Botany 55(402): 1577-1585.

Pantaleone D., and Yalpani M. 1992. Unusual susceptibility of chitosan to enzymic hydrolysis. Carbohydrate
Research Scollar 237(1): 325-332.

Prabaharan M., and JF Mano. 2004. Chitosan-based particles as controlled drug delivery systems. Drug Delivery
12(1): 41-57.

Ramirez MA., T Rodriguez A., Alfonso L., and Peniche C. 2010a. Chitin and its derivatives as biopolymers with
potential agricultural applications. Biotecnologia Aplicada 27(4): 270-276.

Ramirez MA., T Rodriguez A., Alfonso L., and Peniche C. 2010b. Chitin and its derivatives as biopolymers with
potential agricultural applications. Biotecnologia Aplicada 27(4): 270-276.

Rashad EI-Sh M., EI-Abagg HM., and Amin AA. 2003. Physiological effects of some bioregulators on growth and
productivity of two broad bean cultivars. Egypt Journal Appl Science 18: 132-149.

Rombola AD., Briiggemann W., Tagliavini M., Marangoni B., and Moog PR. 2000. Iron source affects iron
reduction and re-greening of kiwifruit (Actinidia deliciosa) leaves. Journal of Plant Nutrition 23(11-12): 1751-1765.
Ruiz Juan M., Baghour M., and Romero L. 2000. Efficiency of the different genotypes of tomato in relation to foliar
content of Fe and the response of some bioindicators. Journal of Plant Nutrition 23(11-12): 1777-1786.

Sanchez A.S., Margarita J., Sanchez-Andreu J., Jorda J., and Bermidez D. 2005. Use of humic substances and
amino acids to enhance iron availability for tomato plants from applications of the chelate FeEEDDHA. Journal of
Pant Nutrition 28(11): 1877-1886.

Smith Brandon R., and Cheng L. 2007. Iron assimilation and carbon metabolism in ‘Concord’grapevines grown at
different pHs. Journal of the American Society for Horticultural Science 132(4): 473-483.



\evy

e BT o s BB @in (lgae 1 (58T liwgieS g asel vl glocad S (B yro

50.

51.

52.

53.

54.

55.

Smith Robert M., and Arthur E Martell. 1987. Critical stability constants, enthalpies and entropies for the formation
of metal complexes of aminopolycarboxylic acids and carboxylic acids. Science of the Total Environment 64(1-2):
125-147.

Svennerstam H., Ulrika G., and Nasholm T. 2008. Root uptake of cationic amino acids by Arabidopsis depends on
functional expression of amino acid permease 5. New Phytologist 180(3): 620-630.

Vadas Timothy M., Zhang X., Ashley M Curran., and Beth A Ahner. 2007. Fate of DTPA, EDTA, and EDDS in
hydroponic media and effects on plant mineral nutrition. Journal of Plant Nutrition 30(8): 1229-1246.

Villén M., Lucena J.J., Carmen Cartagena M., Raquel B., Josemaria Garcia-M., and Ignacia Martin de la Hinojosa
M. 2007. Comparison of two analytical methods for the evaluation of the complexed metal in fertilizers and the
complexing capacity of complexing agents. Journal of Agricultura and Food Chemistry 55(14): 5746-5753.

Yildiz Dasgan H., Levent O., Abak K., and Cakmak. 2003. Activities of Iron-Containing Enzymes in Leaves of
Two Tomato Genotypes Differing in Their Resistance to Fe Chlorosis. Journal of Plant Nutrition 26(10-11): 1997-
2007.

Zhang Y., Rongli Shi., Karim Md R., Fusuo Z., Chungin Z. 2010. Iron and zinc concentrations in grain and flour of
winter wheat as affected by foliar application. Journal of Agricultural and Food Chemistry 58(23): 12268-12274.



Journal of Water and Soil (63)9LS @bus g psle) S g O 4 i
Vol. 34, No. 5, Nov.-Dec. 2020, p. 1061-1079 Al VP11V o ATAR (55— 13T 8 o,lad FF

Introducing Amino Acid and Chitosan Iron Chelates as Available Sources of
Iron in Nutrient Solutions by Strategy | and Il Plants

A. Mirbolook! - M.H. Rasouli Sadaghiani?”- E. Sepehr3- A. Lakzian* M. Hakimi®
Received: 23-12-2019
Accepted: 28-04-2020

Introduction: Iron (Fe) is an important micronutrient that plays a role in several crop physiological processes
such as photosynthesis, respiration, and synthesis of heme proteins, DNA, RNA, and hormones. The most common
Fe source used in agriculture is Fe-EDDHA. However, the usage of this chelate may be problematic for plant
growth. In the recent years, organic chelates have gained attention as they increase the microelements solubility
and prevent iron precipitation in nutrient solution. Organic chelates such as amino acids and polysaccharides have
many physicochemical (reactive OH, COOH and NH. groups) and biological (biocompatible and biodegradable)
properties that make these attractive materials usable for the agricultural practice. Biodegradability, low toxicity,
immune system stimulation, the ability to coordinate metal, less sensitivity to photodegradation, and the effect on
physical properties of rhizosphere and root growth dynamic are ideal properties of these components. The objective
of this study was to evaluate Fe-organic-chelates efficiency as Fe sources for bean (Strategy 1) and corn (Strategy
I1) growth in the hydroponic system.

Materials and Methods: In this research, we synthesized Fe-amino acid chelates including Fe-Glycine (Fe-
Gly), Fe-Phenylalanine (Fe-Phe), Fe-Tyrosine (Fe-Tyr), Fe-Methionine (Fe-Met), and Fe chitosan chelates in two
forms of acidic hydrolyzed chitosan [Fe-C(A.hyd)] and enzymatic hydrolyzed chitosan [Fe-C(E.hyd)] and
characterized by FTIR and CHN analyzer. The efficiency of these iron sources for bean (Strategy II) and corn

(Strategy 1) in hydroponic system was then evaluated. Seeds of bean and corn were washed with distilled water
and transplanted into special containers containing coco peat, perlite and vermicompost (1:1:1) at 25 °C for
germination and initial growth. The seedlings were transferred to polyethylene plastic lids fitting tightly over 8-L
polyethylene containers under controlled conditions in the greenhouse with a light period of 8 hours per day, the
temperature of 20 to 25°C and relative humidity of 65 to 75%. The pots were stacked in black color to prevent
light reaching the root of the plant and the solution. In each pot, one plant seedling was placed and the basic
nutrient solution was prepared in deionized water. The plants were harvested after 8 weeks, their root and shoot
were separated and dried after washing with distilled water in an oven at 75 ° C. The dried samples were ground
to fine powder to pass through a 20-mesh sieve. The analysis of Fe in samples was performed using atomic
absorption spectrophotometer.

Result and Discussion: Application of organic chelates of amino acids and chitosan increased the shoot dry
matter per plant compared to Fe-EDDHA. Fe content in shoot of corn and bean was highest using Fe-Tyr, Fe-Met
and [Fe-C(A.hyd)]. Uptake and accumulation of Fe in roots were observed by using all chelates, but the highest
translocation factor was found for the treatments including [Fe-C(A.hyd)] and Fe-Tyr. Translocation factor in bean
plants was higher than corn, and around half of Fe in bean plants was translocated from root to shoot. The use of
iron chelates in plant growth medium increased the activity of ferric chelates reductase enzymes in bean and corn
compared to Fe-EDDHA. However, the mean of this enzyme activity in bean was higher than that in corn.
Therefore, the activity of this enzyme can be used as an indicator for determining the iron availability in leaf cells
in Strategy | and Strategy Il plants. In general, the plants need less energy to absorb Fe when the chelates with a
simpler structure are used.

Conclusion: The results indicated that using Fe organic chelates in the hydroponic system could supply
sufficient amounts of iron for the plant uptake and also improve the root and the shoot growth of bean and corn.
Overall, the effect of Fe organic chelates on Fe content of bean and corn shoots was in the following order: Fe-
Chi(A.hyd) > Fe-Tyr > Fe-Met > Fe-Gly >. Activity of leaf ferric chelate reductase in bean was higher than that
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Table 1- Selected morphological properties of studied pedons

=) Soeb
L) a G 5 Color Consistency? olidle il b Gidgy Olresd b b iy
Horizon [zng:)h Boundaries! = Slis Cob o Suis w9bwe  Structure® Effervescence*  Concentrations®
Dry Moist Dry Moist
Pedon 1 Rock pediment 793 m above sea level
A 0-40 A'S 10YR 6/4 10YR 5/4 S VFR 1fabk ST, H2 FDC, TOT
Btk1  40-80 G, S 75YR6/4 75YRD5/4 MH FR 2mabk ST, H2 ¢, 2, CAN, MAT
Btk2 ~ 80-105 A'S 10YR 6/4 10YR 5/4 MH FR 2mabk ST, H2 ¢, 2, CAN, MAT
Cc 105-110 A, S 10YR7/3 10YR6/3 L L sg ST, H2 FDC, TOT
2Btk 110-125 C,S 10YR7/3 10YR6/3 MH FR 2mabk ST, H2 ¢, 2, CAM, MAT
2Bty 125-150 C,S 10YR7/3 10YR6/3 MH FR 2mabk SL, H2 m, 4, GYX, MAT
2Cy  150-170 - 10YR7/3 10YR6/3 SH VFR 1fabk SL, H2 m, 2, GYX, BRF
Pedon 2 Alluvial fan 632 m above sea level
A 0-5 A'S 10YR6/3 10YRS5/3 S L 1fabk SL, H2 FDC, TOT
C1 5-25 CS 10YR6/3 10YRS5/3 L L sg SL, H2 FDC, TOT
C2 2540 CS 10YR6/3 10YRS5/3 L L sg SL, H2 FDC, TOT
C3  40-70 CS 10YR7/3 10YR6/3 L L sg SL, H2 FDC, TOT
C4  70-90 C,S 10YR7/3 10YRS5/3 L L sg SL, H2 FDC, TOT
C5 90-130 - 10YR7/3 10YR5/3 L L sg SL, H2 FDC, TOT
Pedon 3 Alluvial fan 676 m above sea level
A 0-7 A'S 10YR7/3 10YRS5/3 S L 1fabk SL, H2 FDC, TOT
C1 7-40 G,S 10YR6/3 10YRS5/3 L L sg SL, H2 FDC, TOT
c2 40-90 G,S 10YR6/3 10YRS5/3 L L sg SL, H2 FDC, TOT
C3 90-110 G,S 10YR6/2 10YR5/2 L L sg SL, H2 FDC, TOT
C4  110-140 - 10YR7/2 10YR6/2 L L sg SL, H2 FDC, TOT
Pedon 4 Alluvial fan 635 m above sea level
A 0-30 A'S 75YR6/4 75YRD5/4 S VFR 1fabk SL, H2 FDC, TOT
Bk 30-55 C,W 75YR6/4 75YR5/4 SH VFR 1fabk ST, H2 ¢, 2, CAN, MAT
C1 55-85 C S 10YR 6/4 10YR5/4 L L sg SL, H2 FDC, TOT
c2 85-110 CS 10YR 6/4 10YR 5/4 L L sg SL, H2 FDC, TOT
C3 110-135 C,S 10YR6/3 10YRS5/3 L L sg SL, H2 FDC, TOT
C4  135-165 - 10YR 6/4 10YR 5/4 L L sg SL, H2 FDC, TOT
Pedon5 Mantled pediment 613 m above sea level
A 0-15 A,S 75YR7/4 75YRb5/4 S VFR 1fabk ST, H2 FDC, TOT
Bty 15-45 G, S 75YR8/4 75YR6/4 SH VFR 2mabk SL, H2 m, 4, GYX, MAT
Btnyzl  45-75 G, S 75YR8/4 75YR5/4 MH FR 2mabk SL, H2 m, 4, GYX, MAT
Btnyz2  75-120 G, S 75YR8/4 75YR5/4 MH FR 2mabk SL, H2 m, 4, GYX, BRF
Btnyz3 120-155 G,S  7.5YR8/4 7.5YR6/4 MH FR 2mabk SL, H2 m, 4, GYX, BRF
Btny  155-185 - 75YR8/4 75YRG6/4 H Fl 2mabk ST, H2 m, 2, GNM, MAT
Pedon 6 Hill 560 m above sea level
A 0-5 A'S 10YR 7/4 10YR 4/4 S VFR 1fabk SL, H2 FDC, TOT
Bk 5-40 C,S 75YR7/4 75YRD5/4 SH VFR 1fabk ST, H2 ¢, 2, CAM, MAT
Byl 40-75 C,S 10YR 7/4 10YR 6/4 S L sg SL, H2 m, 2, GYX, BRF
By2  75-105 G, S 10YR 7/4 10YR 6/4 S L sg SL, H2 ¢, 2, GYX, BRF
By3  105-140 - 10YR7/3 10YR6/3 S L sg SL, H2 ¢, 2, GYX, BRF
Pedon 7 Mantled pediment 860 m above sea level
A 0-15 A'S 75YR6/4 75YRD5/4A S VFR 1fabk SL, H2 FDC, TOT
Bk 15-40 G, W 5YR7/4  5YR5/4 SH VFR 1mabk ST, H2 ¢, 2, CAN, MAT
Btk 40-55 C,W 5YR7/6 5YRG6/6 SH VFR 1mabk ST, H2 ¢, 2, CAN, MAT
Btkyz  55-80 G,S 5YR7/6 5YR5/6 SH VFR 1mabk ST, H2 ¢ 2 CIG‘XI{.GYX’
Btnkyzl 80-140 G,S 5YR6/4  5YR5/4 S VFR 1fabk ST, H2 ¢2 C@X4GYX’
Btnkyz2 140-175 - 5YR 7/4 5YR 7/4 S VFR 1fabk ST, H2 ¢.2 C'GXI_I/_GYX’
Pedon 8 Mantled pediment 490 m above sea level
A 0-10 A, S 10YR 7/4 10YR 6/4 S VFR 1fabk VE, H2 m, 1, CAM, MAT
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m, 1, 3, CAM/GYX,

Bkyznl 10-35 G, S 25Y7/4  25Y5/4 S VFR 1fabk VE, H2 MAT
Bkyzn2 3565 G,S 10YR7/3 10YR53 S VFR 1fabk VE H2 ™1 3',\(/3'2#’” GYX,
Bkyzn3 65-110 G,S 10YR7/4 10YR6/4 S VFR 1fabk VE H2 @ ™b 3’,&2#’” GYX,
Bkyzn4 110-160 C,S 10YR8/4 10YR6/4 S VFR 1fabk VE, H2 m. 1,3, é:s":VI/GYX’
Ck 160-190 - 10YR8/4 10YR 6/4 S L Sg VE, H2 m, 2, CAM, BRF
Pedon9 Alluvial fan 440 m above sea level
A 0-10 A 'S 10YR6/4 10YR5/4 S VFR 1fabk ST, H2 FDC, TOT
C1 10-20 C,S 10YR7/3 10YR5/3 S L Sg SL, H2 FDC, TOT
Cc2 20-40 C,S 10YR7/2 10YR6/2 S L Sg SL, H2 FDC, TOT
C3 40-90 C,S 10YR7/2 10YR6/2 S L Sg SL, H2 FDC, TOT
C4 90-100 C,S 10YR7/4 10YR5/4 S L Sg SL, H2 FDC, TOT
C5 100-140 - 10YR7/3 10YR5/3 S L Sg ST, H2 FDC, TOT
Pedon 10 Playa (wet zone) 371 m above sea level
Azn 0-35 A, S 10YR6/4 10YR5/4 MH VFI m SL, H2 m, 1, SAX, MAT
Bznl 35-63 G, S 10YR7/3 10YR5/3 H FI m SL, H2 m, 1, SAX, MAT
Bzn2 65-95 G,S 10YR7/3 10YR5/3 H FI m ST, H2 m, 1, SAX, MAT
Bzn3  95-125 G, S 10YR7/3 10YR5/3 H FI m SL, H2 m, 1, SAX, MAT
Bzn4  125-160 - 10YR7/3 10YR5/3 SH VFI 2msbk ST, H2 m, 1, SAX, MAT

(wavy s W Smooth Glo :S) topography 31,55 (gradual =, :G clear zsly :C abrupt sL3L :A) distinctness ;Ls ((Boundary) ;.
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Table 2- Selected physical and chemical properties of studied pedons

. cdl CCE (%) )
g O o8 Sk o o g ECe e el Jos gg e
Hori Depth  Sand Silt Clay (g pH (ds m) <2 =0.002 Gypsum Anhydrite  OC (05 (emolkg)
orizon
Cm () () (k) e mmoommoe) (%) (%)
ass
Pedon 1 Rock pediment 793 m above sea level
A 0-40 564 346 90 54 SL 7.8 1.0 19.2 15 ng ng 0.1 0.7 10.1
Btk1 40-80 504 346 15.0 43 L 7.8 0.8 200 136 ng ng 0.2 1.2 10.1
Btk2 80-105 46.4 36.6 17.0 27 L 7.8 1.8 15.2 15 ng ng 0.1 3.9 26.7
C 105-110 564 286 150 55 SL 7.8 21 165  0.67 ng ng 0.1 3.4 24.0
2Btk 110-125 484 366 150 4 L 7.6 3.6 21 2.0 0.1 ng 0.1 4.1 23.1
2Bty  125-150 430 383 187 3 L 7.6 35 10.7 0.25 24.0 ng 0.1 3.8 23.1
2Cy 150-170 645 253 102 53 sL 77 3.8 14.0 ng 17.6 ng 0.1 5.3 24.0
Pedon 2 Alluvial fan 632 m above sea level
A 0-5 804 106 9.0 51 Ls 7.7 0.8 9 0.12 ng ng 0.1 0.8 3.9
C1 5-25 804 126 7.0 56 LS 8.1 0.5 122 ng ng ng 0.1 15 3.9
Cc2 25-40 864 46 9.0 64 LS 81 0.5 12.5 ng ng ng 0.1 0.9 3.4
C3 40-70 824 6.6 110 62 LS 79 0.6 12 ng ng ng 0.1 15 4.3
Cc4 70-90 684 146 170 77 SL 78 0.8 12.5 ng ng ng 0.2 3.2 6.0
C5 90-130 584 226 19.0 66 SL 78 0.9 11.7 ng ng ng 0.2 4.1 8.7
Pedon 3 Alluvial fan 676 M above sea level
A 0-7 59.8 246 156 56 SL 75 2.3 15.0 0.5 ng ng 0.2 1.8 9.1
C1 7-40 778 146 76 50 LS 80 0.9 13.7 ng ng ng 0.1 6.3 5.6
Cc2 40-90 838 86 76 57 LS 76 127 152 ng ng ng 0.1 5.6 4.7
C3 90-110 898 06 96 59 LS 77 100 157 ng ng ng 0.1 8.8 4.3
C4 110-140 818 86 96 68 LS 75 123 142 ng ng ng ng 7.6 52
Pedon 4 Alluvial fan 635 m above sea level
A 0-30 724 186 90 5 SL 82 0.7 9.0 0.75 ng ng 0.1 4.6 6.9
Bk 30-55 784 126 9.0 38 sL 77 31 127  0.75 ng ng 0.2 75 7.3
C1 55-85 804 86 11.0 53 sL 77 39 105 0.25 ng ng 0.1 8.7 6.9
C2 85-110 884 26 90 72 LS 80 2.3 11.7 ng ng ng 0.2 8.1 6.9
C3 110-135 824 6.6 110 58 LS 80 2.6 11.7 ng ng ng 0.2 9.7 6.9
c4 135-165 624 126 250 83 SCL 81 2.2 11.7 ng ng ng 0.1 14.4 13.1
Pedon5 Mantle pediment 613 m above sea level
A 0-15 70.0 16.0 140 10 SL 75 2.0 16.0 1.0 0.1 ng 0.1 2.4 15.3
Bty 15-45 380 380 240 1 L 7.7 6.1 5.7 0.72 40.7 ng ng 6.5 14.4
Btnyz1  45-75 36.0 340 300 1 CL 76 435 10.0 ng 38.2 ng 0.1 70.0 21.4
Btnyz2 75-120 46.0 180 360 45 SC 7.6 586 8.0 ng 375 ng 0.1 80.0 23.1
Btnyz3 120-155 46.0 32.0 220 46 L 79 452 8.5 ng 255 ng 0.1 100.8 26.7
Btny  155-185 340 36.0 300 11 CL 82 24 16.7 ng 53 ng 0.1 73.6 27.5
Pedon 6 Hill 560 m above sea level
A 0-5 604 286 11.0 38 SL 78 0.9 12.2 0.5 ng ng 0.3 0.8 9.5
Bk 5-40 664 246 90 24 SL 7.7 2.1 16.0 ng ng ng 0.1 2.3 12.1
Byl 40-75 765 153 82 3 SL 76 45 11.2 ng 15.6 ng 0.1 3.4 10.8
By2 75-105 865 53 82 36 LS 7.7 4.8 9.5 ng 5.2 ng 0.1 5.8 9.9
By3 105-140 885 53 6.2 32 LS 78 6.2 7.25 ng 51 ng 0.1 11.7 9.1
Pedon 7 Mantle pediment 860 m above sea level
A 0-15 791 86 123 22 SL 1.7 5.6 8.2 0.75 ng ng 0.1 144 10.1
Bk 1540 765 153 82 26 SL 7.4 9.2 16.0 0.5 ng ng 0.1 11.4 10.1
Btk 40-55 565 253 182 35 SsL 73 255 162 15 0.6 ng 0.1 12.5 14.4
Btkyz 55-80 645 153 202 27 SCL 76 209 167 0.36 7.4 ng 0.1 11.3 12.7
Btnkyzl 80-140 665 153 182 34 SL 76 198 155 1.0 5.8 ng 0.1 22.2 14.4
Btnkyz2 140-175 525 293 182 53 L 75 223 175 0.5 6.3 ng ng 21.3 15.3
Pedon 8 Mantle pediment 490 m above sea level
A 0-10 558 333 109 21 SL 74 435 377 15 0.7 ng 0.4 53.0 9.5
Bkyznl 10-35 478 413 109 24 L 7.1 1405 272 0.62 2.0 17.4 0.4 64.5 12.1
Bkyzn2 35-65 618 286 9.6 63 SL 7.3 84.7 24.5 0.5 26.7 ng 0.1 59.4 14.7
Bkyzn3  65-110 538 326 136 61 SL 73 996 34 0.5 18.1 ng 0.2 66.8 14.7

Bkyzn4 110-160 51.8 38,6 9.6 67 L 76 96.1 475 0.5 8.3 ng 0.8 92.4 15.2
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Ck 160-190 69.8 206 9.6 67 SL 76 945
Pedon 9 Alluvial fan 440 m above sea level
A 0-10 604 226 170 15 SL 7.7 7.0
C1l 10-20 831 66 103 38 LS 8.2 1.7
C2 20-40 91.1 0.6 8.3 40 S 7.8 6.1
C3 40-90 924 0.6 7.0 43 S 7.5 27.2
C4 90-100 904 26 7.0 3 S 75 251
C5 100-140 918 0.6 7.6 47 S 7.4 188
Pedon 10 Playa (wet zone) 371 m above sea level
Azn 0-35 146 418 436 0 SiC 8.6 1197
Bznl 35-63 46 458 496 O SiC 8.4 68.0
Bzn2 65-95 58 526 416 O SiC 8.5 53.2
Bzn3 95-125 6.4 453 483 O SiC 8.5 375
Bzn4 125-160 04 733 263 O SiL 8.6 35.7

450 0.12 0.1 ng 0.1 7.0 11.3
13.7 0.5 ng ng 0.1 9.9 12.2
12 ng ng ng 0.1 19 7.8
9.7 ng ng ng ng 10.0 5.2
115 ng ng ng 0.1 16.1 6.1
9.0 ng ng ng 0.1 145 8.7
145 ng ng ng 0.1 14.3 4.3
13.0 3.75 4.9 ng 0.2 1535.7 22.9
12.0 3.0 2.3 ng 0.2 584.4 26.3
14.7 3.0 14 ng 0.2 429.3 21.8
117 35 2.3 ng 0.1 197.1 25.5
15.2 2.4 ng ng 0.1 218.6 17.7

Jals sl :CEC ¢(sodium adsorption ratio) i s cuws :SAR (calcium carbonate equivalent) Jsles weds wliy s :CCE ¢ rock fragments) cus s )3 :RF
(electrical conductivity of saturated extract) glusl o )lac S S colan (ECe ¢(cation exchange capacity) issls’

(32b) negligible :ng *
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Comparison of Soil Taxonomy (2014) and WRB (2015) in Classification of Soils
in Iranshahr and Dalghan Regions, Sistan and Baloochestan Province

S. Sanjari'- M.H. Farpoor?*- M. Mahmoodabadi’- S. Barkhori*
Received: 27-04-2020
Accepted: 21-07-2020

Introduction Increasing demand for an international classification system as a unique communication tool in
soil science has caused development of different systems. Like many other countries, Soil Taxonomy and WRB
are the most popular soil classification systems in Iran. Genetic and morphologic soil properties are used for soil
classification in both systems. However, correlation of the two systems and efforts to harmonize them have been
a major concern among soil scientists. Comparing Soil Taxonomy and WRB in gypsiferous and calcareous soils
of central Iran, Sarmast et al. (13) reported that WRB using various qualifiers is more effective than Soil
Taxonomy. Since no study on soils of Iranshahr and Dalghan Regions located in Sistan and Baloochestan
Province has performed and/or no reported data is available, the present research was performed to: 1) study
morphological, physical, and chemical soil properties in the area, 2) classify soils based on Soil Taxonomy
(2014) and WRB (2015) systems, 3) compare the two systems for soil description in Iranshahr and Dalghan
regions as a part of Sistan and Baloochestan Province, central Iran.

Material and Methods: The study area starts from Iranshahr (590 m asl) in the center of the province and
extends to Dalghan (390 m asl) in west. Alluvial fan, pediment, playa, and hill were among different landforms
identified using field studies, topography maps (1:50000), and Google Earth image observations. To cover the
maximum soil variations in the area, 10 representative pedons were selected, described, and sampled.

Results and Discussions: Calcic, gypsic, anhydritic, argillic, natric, and salic horizons identified after field
work and laboratory analysis. Results of the study showed that addition of Yermic Torrifluvent, Yermic
Torriorthent, Calcic Gypsiargid, Gypsic Natrsalid, Natric Gypsisalid, Anhydritic Gypsisalid, Anhydritic
Calcisalid subgroups to Soil Taxonomy system from one hand, and addition of anhydrite and aquic (for
Solonchak reference soil group) qualifiers to WRB system from the other hand, causes a higher correlation and
more harmonization between the two classification systems. Meanwhile, the minimum percentage of calcium
carbonate equivalent necessary for calcic horizon identification in coarse textured soils including gravel in Soil
Taxonomy is also suggested to be added to WRB system. Besides, requirements of salic horizon in WRB system
is recommended to be added to Soil Taxonomy. At the same time, soil hames in WRB system provide more
information and data about soil properties and characteristics in young soils (such as yermic qualifier showing
desert pavement) compared to Soil Taxonomy. Soil Taxonomy is not able to properly classify saline soils of arid
regions down to subgroup level which is a weak point for this system. That is why newly added Gypsic
Natrsalids is suggested for soils with natric, gypsic, and salic horizons in the upper 100 cm of the soil. On the
other hand, the requirements of salic horizon in WRB system (the minimum EC content of 15 dS/m and the EC
multiplied by the horizon thickness of more and/or equal to 450) are also suggested for Soil Taxonomy.

Conclusion: Results of the study for both saline and sodic soils show more capability of WRB system
compared to Soil Taxonomy to classify soils. From soil management point of view, natric horizon causes more
negative effects compared to salic horizon because Na disperses the soil particles and destroys soil structure and
sodic soils need more practices to be improved compared to saline soils. Results for gypsiferous soils also show
more capability of WRB system compared to Soil Taxonomy because gypsum content which is important for
gypsiferous soils management is properly concerned in WRB system. However, lack of anhydritic horizon in
WRB seems to be a weak point for this classification system. That is why it is suggested to be added to WRB
(13). Since Soil Taxonomy does not use independent abbreviations for anhydritic horizon compared to gypsic
horizon, the Ba and Baa abbreviations are also suggested for Soil Taxonomy to be added.

Keywords: Iran, Calcareous, Gypsiferous, Saline, Soil correlation
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1- Ammonium Bicarbonate Diethylene Triamine Penta
Acetic acid (AB DTPA)
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Table 1- Some physical and chemical properties of soil and vermicompost (Values are means of three replicates + the standard errors)

cdl S STy
Texture pH

(dS/m) S 58I Clan

Electrical conductivity =~ Organic matter Total nitrogen

(%) 1 osko (%) J5 o395

Equivalent calcium

(dS/m) (%) (%) carbonate (%)
“ﬂ_’ r 8.01+0.03 0.20+0.00 1.66+0.02 0.1:£0.00 24.91+0.22
Soil Loam
ConigeoS (5099 - 8.97+0.16 1.29:+0.02 60.87+1.37 1.65+0.02 -

Vermicompost
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Table 2- Total and available nutrient amounts in the soil under study before treatments (mean + standard error)

e P 89 ol Ol
Cu Mn Zn Fe NOs

Pawgal ol S 2580 oS
NH. K P Mg Ca

(mg kg

(%)

Total content

24.43+0.38  211.57+27.87 46.53%4.71 12611.85£735

- 1104.05£73.74  93.35%2.77 1.18+0.04  4.86+0.20

o9 rwd B lase
Available content

1.3140.00 7.16+0.66 1.2040.10 0.32+0.10 5.96+0.6

8.16+0.67 255.30+1.51 7.63+0.49  0.05+0.01  0.27+0.03
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Table 3- Total and available amounts of nutrients in soil under study before treatments (mean + standard error)

895 o2l pawliy PP S’
Zn Fe K Mg Ca
(mg kg™") (%)
94.4443.1 6061.87+312.8 1081.94+22.6 5678.90+164.3 0.25+0.0 2.20+0.1
Pb Cd Cu Mn
21.7+2.38 2.06+0.9 49.11+1.7 19.26+0.7 306.18+14.0
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Table 4- Analysis of variance of the studied indicators

.. Olrpo (1a50ke
Ot e 4>:a‘ Mean squares
St S S 5B Sl b el el O g e o ow
EC pH P K NH,4 NO3 Zn Mn Fe Cu
sl 8 0.831" 0.604" 283.73"  40453.92" 1.963"  306.450"  0.054" 5.781" 1.031" 0.008"
Treatment
e 18 0.002 0.003 5.388 81.370 0.480 58.54 0.004 1.066 0.0273 0.005
Error
Ol g b
Coefficient of - 5.32 0.72 5.25 3.75 8.12 15.94 4.28 6.85 3.036 4.96
variation

*: Significance at P<0.05 level
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Figure 1- pH and electrical conductivity (EC) of examined soil variables (mean + SE). Humic Acid (HA), Sulfuric acid
(H2S0,), Thiobacillus bacteria (T), Sulfur (S°), Sulfur + Thiobacillus bacteria (S+T), Vermicompost (VC),

Vermicompost + Thiobacillus bacteria (VC+T), and Sulfur + Vermicompost + Thiobacillus bacteria (S'+VC+T).
Different superscript letters indicate significant differences (P<0.05) between means.
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Figure 2- Available K, Available P, Nitrate and Ammonia of examined soil variables (mean + SE). Humic Acid (HA), Sulfuric acid
(H,S0,), Thiobacillus bacteria (T), Sulfur (S°), Sulfur + Thiobacillus bacteria (S"+T), Vermicompost (VC), Vermicompost +
Thiobacillus bacteria (VC+T), and Sulfur + Vermicompost + Thiobacillus bacteria (S'+VC+T). Different superscript letters
indicate significant differences (P<0.05) between means.
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Figure 3- Available Zn, Available Mn, Available Fe and Available Cu of examined soil variables (mean + SE). Humic Acid (HA),
Sulfuric acid (H,SO,), Thiobacillus bacteria (T), Sulfur (S°), Sulfur + Thiobacillus bacteria (5"+T), Vermicompost (VC),
Vermicompost + Thiobacillus bacteria (VC+T), and Sulfur + Vermicompost + Thiobacillus bacteria (S+VC+T). Different
superscript letters indicate significant differences (P<0.05) between means

01b (ol5S Cizmed Amd o S8l ol ot LB e
ok e 5 S50 (6550 b 4 I slasl &5
(V) 3o el ) posiogll 5 ool dlex 5l (g3l6 (clagyssls
Spoged bl 48 Cl0ad 5135 Lo pimgi 5l (S 5
o o g (F4) Mt 00 390 ) SB- 33 (2950 laclld
Oiel331 51 (36 ol el e G5 Jels ) (S Wl ee
Jbess 3 0pd g laygdg)d Adg (yomed (29)See slacilie
oS alajlos plod )3 Giaggy cnl ) Oeomes A8l Shoged el
2 e Slys ald jlag b dwglie > il joa 5,58

St dol Yl )5 L SIS oy S ool 30

Ay Lis g3 5l aals b awslie jo (lel a5l g)ls me yialjl
oz (F) Sl g bl 4l ool b (Sialen o (7 JS)
S L3 13 g el 3)b jl Sogud Aol a5 55,8 5158
Comdg 3980 5 Spany polis 5 ool (omed BpaseS uole
OpZmen D9 o0 obS SIS g 5 ()9 el e olS )3 Fiwgi
N Saged dsl 45 558 plo i (VW) phlSen 5 oSl
50,5 S olr ol gy 3l el s b nSaS” St 32 )10



1FAQ 60 — 43T oyleds FF ol (S g T a5 VY Y

Sl slajlog 5l ookl b Sal S Sy 53 LS G pasnS
2 593 A Se dy (geligl gy 4y e g el dge o]
g Jds ol plis Limgs opl guls s plool olfdalesl (slod
5 Sl lass (650 YU cud b (S5 055 Laylys (09
OLalS jLs 2y90 polie chale &8 ola Il (392 oy
lg i 2l 4 Hlew G 1S o J STl S pl g
w5y LSl ol )3 ke pole cdds ol pu p lge oles
D929 (94— 4S b ul—““’ .Yy C)?.I C.»Lu LY dldjﬁ & Ll
wile oladgs” Jlosl a s p S > oy o —oalyd
uo}l‘wl:% Lgl.md).fb )‘ oalaiwl “"—‘“’9““;6_‘)9 l_J 9 u.«:}«os
(s yid Cabl QI3 53 (6550 (B Wlg a3 3,555 ol e 4
3 e 5 Al sl adly Sal glaSs 5 glié ole
a5 el Gl 5 ore 1 45 I slasss
S5SL g (gymais 3,555 ol jam day )b 5,555 ou S wuS]
i bl (hl3 8l gl (i jLSal) Slgia oslalisss
sy S g oS il g alie (Sal LS 5 glis pole
s 1S B ui g 4ol eus il S ) o olalS
29> ) g asyie byl B 3 Wb Glegdy ol yd Glisebl gy
il cla S L Sal sk ) dilise o) oals

D9 S5

s 32 4 o e 3 5 025 oa0lite o> BB o e
oalS 18l lagi b duglie )3 (o] Cddo i CusgieS 055
2isyS basl plLh  Salen po (Y JS5) cudly (o)l sxe
9 ) +/0) 35535 Caliseo gglaw 3l 355 imgh ;0 (YA) oK 4
g S°IKG 5,8 48" 155" samliie 5 153,5 edlawl (Y g S°/kg soil
S5 S 48 winged ()15 (VF) (et § i (iiznen
oo red JB ol (i 651 (Sal GbSK > gpate 356
00 Cows SB (6,8L cudyls a1y gl ) s g cusly S
2 oRgi (il 3 4SS (S (lo e id) b (59
ol sl iali 8l S1s o mwd BB jaud olise & ol e
2 Sl 03y (LS 255 3 gyl ime LidlS S gy JB
2 le B gal g b o g s Ay s ol 10l
2o O Jlaas! maw 55 4 ol Cowdan =+ /XY Liagh ol
Sliwd U Wl o ol a5 canl 03l L b guoy p oCanol I xo
Olie 314555 opl 4 9 S sl Joloels SLuS 5 g s oS )5

(YF) 29 atwls” pal Gls cubls

S 5 4o

&l

1- Agbede T.M., and Adekiya A.O. 2011. Evaluation of sweet potato (Ipomoea batatas L.) performance and soil
properties under tillage methods and poultry manure levels. Emirates Journal of Food. Agriculture 23(2):164-177.

2- Alloway B.J. 2009. Soil factors associated with zinc deficiency in crops and humans. Environmental Geochemistry
and Health 31(5): 537-548.

3- Ansari M.H., Hashemabadi D., and Kaviani B. 2017. Effect of cattle manure and sulfur on yield and oil composition
of pumpkin (Cucurbita pepo var. Styriaca) Inoculated with thiobacillus thiooxidans in calcareous soil.
Communications in Soil Science and Plant Analysis 48(18): 2103-2118.

4- Ansori A., and Gholami A. 2015. Improved nutrient uptake and growth of maize in response to inoculation with
thiobacillus and mycorrhiza on an alkaline soil. Communications in Soil Science and Plant Analysis 46(17): 2111-
2126.

5- Antoniadis V., and Alloway B.G. 2003. Evidence of heavy metal movement down the profile of a heavily sludged
soil. Communication in Soil Science and Plant Analysis 34: 1225-1231.

6- Astaraei A.R., and Ivani R. 2008. Efect of organic sources as foliar spray and root media on nutrition if cowpea plant.
American-Eurasian Journal of Agricultural and Environmental Science 3: 352-356.

7- Beauchamp E.G. 1987. Corn response to residual N from urea and manure applied in previous year. Canadian
Journal of Soil Science 67: 931-942.

8- BesharatiKelayeh H. 1998. Study of sulfur application with Thiobacillus species on absorption potential of some
nutrients in soil. M.Sc. Thesis in Soil Science, College of Agriculture, Tehran University, Karaj, Iran, 1-9. (In
Persian with English abstract)

9- Bohn H.L., McNeal B.L., and O’Conner G.A. 1979. Adsorption isotherms, Soil Chemistry 185-188.

10- Botha C.R., and Webb M.M. 1952. The versenate method for the determination of calcium and magnesium in

mineralized waters containing large concentrations of interfering ions. Institute of Water Engineers Journal 6: 459-
462.
11- Bouyoucos G.J. 1962. Hydrometer method improved for making particle is analysis of soils. Agronomy Journal



\ \ . “ ‘fﬁbi S & 30 L.d";\'é )»oLZ.: (W O M..L,ls ¥ |}..\.3.»4| 9 () ‘QT GLB)LQ.:J ).'u"‘ 6“\"“'.'.&“ )y

54:464-465.

12- Bremner J.M., and Mulvaney C.S. 1982: Nitrogen — Total. In: Methods of Soil Analysis, Part 11, 2nd edition, Page,
A.L., Miller, R. H, Keeney D. R. (Eds.), Madison, Wisconsin USA 1159.

13- Bremner J.M., and Keeney D.R. 1996. Determination and isotope-ratio analysis for different forms of nitrogen in
soils. Exchangeable ammonium, nitrate, and nitrite by extraction-distillation methods. Proceedings of the Soil
Science Society of America 30: 577-624.

14- Cardelli R., Saviozzi A., Cipolli S., and Riffaldi R. 2008. Compost and cattle manure as sources of inorganic sulfur
to soil. Journal of Agronomy and Soil Science 54(2): 139-147.

15- Chen J.H. 1996. Characterization of Inositol hexaphophate, Glucose-6-phosphate and potassium dehydrate
phosphate sorption by acid and calcareous soils. Journal of Chinese Agricultural Chemical Society 34: 112-117.

16- Cifuentes F.R., and Lindemann W.C. 1993. Organic matter stimulation of elemental sulfur oxidation in a calcareous
soil. Soil Science Society of America Journal 57: 727-731.

17- Eyheraguibel B., Silvestre J., and Morard P. 2008. Effects of humic substances derived from organic waste
enhancement on the growth and mineral nutrition of maize. Bioresource Technology 99: 4206-4212.

18- Goodarzi K. Enhancing Effects of sulfur and compost on nutrient availability and wheat yield. Journal of Water and
Soil 15(2): 154-166. (In Persian with English abstract)

19- Hagin J., and Tucker B. 1982. Fertilization of dry land and irrigated soils. Springer Verlag, New York, 101-112

20- Halim, M., Conte P., and Piccolo A. 2003. Potential availability of heavy metals to phytoextraction from
contaminated soils by exogenous humic substances. Chemosphere 52: 265-275.

21- Havlin J.L., Tisdale S.L., Nelson W.L., and Beaton J.D. 2005. Soil Fertility and Fertilizers. An Introduction to
Nutrient Management. Prentice Hall; 7 ed., 499.

22- Heydarnezhad F., Shahinrokhsar P., Shokri Vahed H., and Besharati H. 2012. Influence of elemental sulfur and
sulfur oxidizing bacteria on some nutrient deficiency in calcareous soils. International Journal of Agriculture and
Crop Sciences 4: 735-739.

23- Jones D.L., and Darrah P.R. 1994. Role of root derived organic acid in the mobilization of nutrient from the
rhizosphere. Plant Soil 166: 247-257.

24- Jones Jr J.B. 2001. Laboratory Guide for Conducting Soil Tests and Plant Analysis, Chemical Rubber Company
Press, 48-78.

25- Kabala C., and Singh B.R. 2001. Fractionation and mobility of copper, lead and zinc in soil profiles in the vicinity
of a copper smelter. Journal of Environmental Quality 30: 485-492.

26- Kale R.D., Malesh B.C., Bano K., and Bagyaraj D.J. 1992. Influence of vermicompost application on the available
macronutrients and selected microbial populations in a paddy field. Soil Biological and Biochemical 24: 317-1320.

27- Kariminia A., and Shabanpoor S. 2002. Sulphur oxidation power of heterotrophic microorganism in different soils.
Journal of Soil and Water 1: 57-68.

28- Karimizarchi M., Aminuddin H., Khanif M.Y., and Radziah O. 2014. Elemental sulphur application effects on
nutrient availability and sweet maize (Zea mays L.) response in a high pH soil of Malaysia. Malaysian Journal of
Soil Science 18: 75-86.

29- Koochekzadeh Y. 2003. Effect of S and Thibacillus and organic matter on required P of corn in calcorus soils. MSc
Thesis. TarbiatModarres University, Tehran, Iran. (In Persian with English abstract)

30- Kulkarni A. 2009. Biozink Solubilizing Microbes.

31- Leytem A.B., and Mikkelsen R.L. 2005. The nature of phosphorus in calcareous soils. Better Crops 89(2): 11-13.

32- Nelson R.E. 1982. Carbonate and Gypsum. In: Page A.L (Ed), Methods of Soil Analysis, Part 2, Chemical and
microbiological properties, (2" Ed.). Agronomy Monograph 9, Madison, WI, pp. 181-196.

33- Malakooti M.J., and Homai M. 1995. Fertility of arid soils (problems and solutions). Tarbiat Modarres University
Press, 494.

34- Marschner H. 1995. Mineral nutrition of higher plants. Academic Press, London.

35- Miransari M., and Smith D.L. 2007. Overcoming the stressful effects of salinity and acidity on soybean nodulation
and yields using signal molecule genistein under field conditions. Journal of Plant Nutrition 30(12): 1967-1992.

36- Miyamoto S. 1998. Use of acids and acidulants on alkali soils and water. Handbook of soil conditioners. Marcel
Dekker, Madison, NY, 217-256.

37- Mohammady Aria M., Lakzian A., Haghnia G.H., Berenji A.R., Besharati H., and Fotovat A. 2010. Effect of
Thiobacillus, sulfur, and vermicompost on the water-soluble phosphorus of hard rock phosphate. Bioresource
Technology 101: 551-554.

38- Murphy J., and Riley J.P.A. 1962. Modified single solution method for determination of phosphatein natural waters.

Analytica Chimica Acta Journal 27: 31-36.



1129 60— 53T B oyl FF ul> (S g0l ay s VY ¥

39- Naramabuye F.X., and Haynes R.J. 2006. Effect of organic amendments on soil pH and Al solubility and use of
laboratory indices to predict their liming effect. Soil Science 171: 754-763.

40- Nelson D.W., and Sommers L.E. 1996. Total carbon, organic carbon, and organic matter. In Methods of Soil
Analysis. Part 3. Chemical Methods; Sparks, D.L., ed.; SSSA Book Series No. 5; Soil Science Society of America:
Madison, Wisconsin 961-1010.

41- Moshiri F., Shahabbi F.F., Keshavarz P., Khogar Z., Feiziasl V., Tehrani M.M., Asadi Rahmani H., Samavat M.N.,
Ghaibi M.N., Sedri M.H., Rashidi N., Saadat S., and Khdemi. 2014. Guidelines for integrated soil fertility and plant
nutrition management of wheat. Published by Soil and Water Research Institute of Iran. Pp. 73.

42- Rodrigues M.A., Pereira A., Cabanas J.E., Dias L., Pires J. and Arrobas M. 2006. Crops use-efficiency of nitrogen
from manures permitted in organic farming. European Journal of Agronomy 25: 328-335.

43- Ryan J., Stroehlein J.L., and Miyamoto S. 1975. Sulfuric Acid Applications to Calcareous Soils: Effects on Growth
and Chlorophyll Content of Common Bermudagrass in the Greenhouse 1. Agronomy Journal 67(5): 633-637.

44- Sajadi nic R., Yadavy A.R., Baluchi H.R., and Faraji H. 2011. The effect of chemical fertilizers (urea), organic
(vermicompost) and biological (Nitroksin) on the yield and quality of sesame. Journal of Agricultural Science 21(2):
87-101.

45- Sakari A., Ardakani M.R., and Khavazi K. 2012. Effect of azospiillum lipoferum and Thiobacillus thioparus on
quantitative and qualitative characters of rapeseed (Brassica napus L.) under water deficit conditions. Middle-East
Journal of Scientific Research 11(6): 819-827.

46- Salvagiotti F., Castellarin J.M., Miralles D.J., and Pedrol H.M. 2009. Sulfur fertilization improves nitrogen use
efficiency in wheat by increasing nitrogen uptake. Field Crop Research 113: 170-177.

47- Seyyedi S.M., Rezvani Moghaddam P., Khajeh-Hosseinia M., and Shahandeh H. 2015. Influence of phosphorus and
soil amendments on black seed (Nigell asativa L.). Qil yield and nutrient uptake. Industrial Crops and Products 77:
167-174.

48- Shamim A.H.M., and Ahmed F. 2010. Response to sulfur and organic matter status by the application of sulfid
materials in S defcient soils in Bangladesh. possibilities and opportunities. Report and Opinion 2(1): 188-193.

49- Sharif M., Sarir M.S., and Rabi F. 2000. Biological and chemical transformation of phosphorus in some important
soil series of NWFP. Sarhad Journal of Agriculture 16(6): 587-592.

50- Sharifi Z., Azadi N., and Certini G. 2017. Fire and tillage as degrading factors of soil structure in northern zagros
oak forest, west Iran. Land Degradation and Development 28: 1068-1077.

51- Shuman L.M., and Li Z. 1997. Amelioration of zinc toxicity in cotton using lime or mushroom compost. Soil and
Sediment Contamination 6(4): 425-438.

52- St-Pierre B., and Wright A.D.G. 2017. Implications from distinct sulfate-reducing bacteria populations between
cattle manure and digestate in the elucidation of H,S production during anaerobic digestion of animal slurry.
Applied Microbiology and Biotechnology 101(13): 5543-56.

53- Swaminathan S., Edward B.S., and Kurpad A.V. 2013. Micronutrient deficiency and cognitive and physical
performance in Indian children. European Journal of Clinical Nutrition 67(5): 467-474.

54- Tabatabai M.A. 1986. Sulfur in Agriculture. American Socity of Agronomy, Madison, WI., 428 pp.

55- Theunissen J., Ndakidemi P., and Laubscher C. 2010. Potential of vermicompost produced from plant waste on the
growth and nutrient status in vegetable production. International Journal of Physical Sciences 5: 1964-1973.

56- Tisdale S.L., Nelson W.L., Beaton J.D., and Havlin J.L. 1993. Soil and fertilizer nitrogen. Soil Fertility and
Fertilizers 4: 112-183.

57- Ullah 1., Jilani G., ul Hag M.1., and Khan A. 2013. Enhancing bio-available phosphorous in soil through sulfur
oxidation by Thiobacilli. British Microbiology Research Journal 3(3): 378.

58- Van Erp P.J., and Van Lune P. 1991. Long-term heavy metal leaching from soils-sewage sludge and soil/sewage
mixtures. Environmental Science Technology 25: 706-711.

59- Wang A.S., Angle J.S., Chaney R.L., Delorme T.A., and Reeves R.D. 2006. Soil pH effects on uptake of Cd and Zn
by Thlaspi caerulescens. Plant and Soil, 281(1-2): 325-337.

60- Wang L., Zheng Z., Zhang Y., Chao J., Gao Y., Luo X., and Zhang J. 2013. Biostabilization enhancement of heavy
metals during the vermiremediation of sewage sludge with passivant. Journal of Hazardous Materials 244: 1-9.

61- Yang Z.H., Stoven K., Haneklaus S., Singh B.R., and Schnug E. 2010. Elemental sulfur oxidation by Thiobacillus
spp. and aerobic heterotrophic sulfur-oxidizing bacteria. Pedosphere 20(1): 71-79.

62- Young C.C., and Chen L.F. 1997. Polyamines in humic acid and their effect on radical growth of lettuce seedlings.
Plant and Soil 195: 143-149.

63- Yuan T., Wang J., Sun X., Yan J., Wang Z., and Niu J. 2017. Effect of combined application of humic acid and
nitrogen fertilizer on nitrogen uptake, utilization and yield of winter wheat. Chinese Journal of Eco-Agriculture 3:
74-82.



RN ‘fﬁbi S SO o L$~'~|‘;\'é ypole (W O Cabld g ljoul g -, ) ‘L?‘T byl glau Lo )y

64- Zalidis G., Barbayiarinis N., and Matsi T. 1999. Forms and distribution of heavy metals in soils of the axios delta of
northern Greece. Commun. Soil Science and Plant Analysis 30: 817-827.

65- Page A.L., Miller R.H., and Keeney D.R. 1982. Method of soil analysis. Part 1 and 2. American Society of
Agronomy Inc Madison, Wisconsin USA.

66- Golchin A. 2016. Soil organic matter. Published by Jahad Daneshgahi center, the University of Zanjan. Pp. 281.

67- Gholami M., and Sharifi Z. 2020. Assessment of fertilizing potential of livestock industrial abattoir refinery sludge
and its effect on soil chemical properties (case study: livestock industrial abattoir of Sanandaj). Iranian Journal of

Soil and Water Research 51(6): 1405-1416.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjs0sORwtHqAhXRTsAKHb0gDNgQFjAAegQIBBAB&url=http%3A%2F%2Fwww.ibna.ir%2Fen%2Fnaghli%2F100015%2F300-titles-published-by-jahad-daneshgahi-centers&usg=AOvVaw3ZwcUBGTjW2zqshSmZ1J68
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjs0sORwtHqAhXRTsAKHb0gDNgQFjAAegQIBBAB&url=http%3A%2F%2Fwww.ibna.ir%2Fen%2Fnaghli%2F100015%2F300-titles-published-by-jahad-daneshgahi-centers&usg=AOvVaw3ZwcUBGTjW2zqshSmZ1J68

Journal of Water and Soil (8329158 @lio g pole) S g O 4 s
Vol. 34, No. 5, Nov.-Dec. 2020, p. 1093-1107 u}‘if,;}iﬁ?, VAPV o TR 50— ,3T B oylod F'F ol

Comparative Survey of Organic Matter, Biological and Acid-causing
Treatments Effects on Availability of Nutrient Elements in a Calcareous Soil

Sh. Haghighi'- Z. Sharifi**
Received: 27-04-2020
Accepted: 15-09-2020

Introduction: Calcareous soils are described as soils containing quantities of calcium carbonate which have
an enormously effect on the soil properties (physical, consisting of soil water relations and soil crusting, or
chemical consisting of the availability of plant nutrients) and plant growth. Calcareous soils arise clearly in arid
and semi-arid areas due to rare precipitation and little leaching. It has been evaluated that these soils contain over
one-third of the world's surface zone and their CaCOj3; content ranged from a few to 95%. Calcareous soils faced
many challenges such as shortage of organic matter, low structure stability, low water holding capacity, low
CEC, high pH, surface crusting and cracking and great infiltration rate which cause loss of essential plant
nutrients via leaching or deep percolation. Another problem in calcareous soils is low availability of plant
nutrients particularly phosphorous and micronutrients specially zinc, iron and manganese, and a nutritional
imbalance between elements such as potassium, magnesium and calcium. Although a calcareous soil is
dominated by free lime, it could also incorporate large quantities of iron, aluminum, and manganese. These
metals provide more strong sorption sites for phosphorus and are mostly more significant in controlling
phosphorus solubility in calcareous soils than calcium carbonate itself. Under such severe conditions, desired
yield levels are difficult to attain. Calcareous soils lack the organic matter required for optimal crop yield.
Therefore, numerous studies have made efforts to increase the availability of nutrients in the soils through
different treatments. Common methods for dealing with these deficiencies, is the use of chemical fertilizers that
have the risk of environmental pollution in addition to the high cost and low efficiency. Oxidation of sulfur leads
to sulfuric acid formation which can decrease the soil pH and increase dissolution of insoluble soil minerals and
release of essential plant nutrients. Furthermore, the addition of organic amendments improves the soil chemical
and physical properties, initiates nutrient cycling, and provides a functioning environment for vegetation.

Materials and Methods: The objective of this research was to increase solubility of nutrient elements in a
calcareous soil considering nine treatments (i.e., control (Blank), Soil + Humic Acid (HA), Soil + Sulfuric Acid
(H2SO4 ), Soil + Thiobacillus (T), Soil + Sulphur (S°), Soil + Sulphur + Thiobacillus (S° +T), Soil +
Vermicompost (VC), Soil + Vermicompost + Thiobacillus (VC+T) and Soil + Sulphur + Vermicompost +
Thiobacillus (S° +VC+T)). The experimental design was factorial arrangement in randomized complete block,
with all the treatments replicated three times. All the treatments were incubated under the laboratory condition
for 90 days in 25 + 2 °C and 70% of water holding capacity by distilled water. During the incubation period, the
moisture of the samples was kept at 70% FC by daily addition of deionized water based on weight loss. At the
end of incubation period the pH value, electrical conductivity (EC), available form of macro elements (K, P and
N) and micro elements (Zn, Mn, Fe and Cu) were determined in all treatments by standard methods.

Results and Discussion: The results showed that, the soil pH value significantly decreased in S°+T and
S°+VC+T treatments, in com\pared to the blank. While, the EC of these treatments significantly increased with
respect to the blank. The results also showed that most of the treatments have been able to increase the solubility
of the nutrients. However, the effect of S° +VC+T treatment on increasing the availability of studied soil
nutrients and decreasing pH value was more significant than the other treatments.

Conclusion: Analysis of the results obtained from this study using classical statistic methods showed that
applying a single treatment cannot remove all obstacles to increase nutrient availability in calcareous soils. This
may be attributed to high buffering capacity of calcareous soils and complexity of factors which control mineral
solubility and nutrient availability. While, treatments that simultaneously provide soil organic matter and lower
pH (such as S°+VC+T) can significantly remove barriers to increase nutrient uptake in these soils. As a result,
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the simultaneous application of organic fertilizers, elemental sulfur and Thiobacillus bacteria can be a promising
approach to increase the solubility of nutrients in calcareous soils and to increase the quantitative and qualitative
growth of plants in these soils.

Keywords: Calcareous soils, Humic acid, Sulphur, Thiobacillus bacteria, Availability of nutrient elements,
Vermicompost
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Table 1- Selected chemical and physical properties of the soil studied

N gpas »]3 )L\io
Property Unit Value
st (s ps)
Soil texture (Sandy loam)
oS (%) (0.69 £0.04)
oC
Jolas pands’ by 8 (%) (8.32 +0.06)
CCE
oSl gl el (ds m?) (2.18 +0.03)
EC
(eWdl pod) Giloe (7.50 +0.08)
pH
55 ol cud b -
e !
cmol k 8.93 +0.05
ke (cmole kg?) - ( )
DTPALgloal JE 55 (gl (174 £0.03)
DTPA-Mn
DTPA L ¢l seul LB (e (mg kgl) (0.5 +0.03)
DTPA-Cu
DTPAL el JB ol kgl (152 20.04)
DTPA-Fe
DTPA L glyzel LB s (mgkg?)  (0.720.03)
DTPA-Zn
DTPA L zl el LB sy - ;
mg kg b
DTPA-Pb (make il

2 ol Lo ccbale dgas 4 e g5 b oy (Sl 6l jlos Jlos
13,5 Olsail yoiS GlaS1s )3 paie opl (Sogll cud 9 S
Clale plyy ks b g yho clald 1 glaiels &S glaisS 4 (V)
9 Ve g 93 0 o laclile (plply o o0 Gl ) sloxa
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Table 2- Selected chemical properties of the Biochars tested

Covo s aly PRl p 5 Gy slagl Ty gl
Property Unit Almond soft Husk Biochar  Rice husk Biochar
e S (9.81+0.08) (8.75+0.06)
(2:5) pH
() el caba el (3.5620.03) (2.93+0.05)
(1:5) EC
Sl b5 cud il (cmol kgt (30.86%0.5) (37.52+1)
CEC
6l ogass s (gcm?) (0.45+0.03) (0.42+0.04)
Pb
e (ogase (g (g cm?) (1.07+0.05) (1.120.07)
Ps
Sl (%) (58+1) (62+1)
F
Jng"" (mg kgt (145+1) (143.5+0.7)
ngi” (mg kg™?) (28.32+0.06) (3.75+0.03)
JSCU“’ (mg kg?) (8.15+0.5) (2.15+0.08)
u
JfM)’S“’ (mg kg (13.45+1) (93.85£0.8)
n
I (mg kg) (32) (325)
Pb
oialo;l 43 odliwl 5590 (St Aldlro —F Jou
Table 3-The kinetic equation used in the experiment
adles 5ylows S Jdo Lalslee Cul o
Equation number Kinetic model Equations Coefficients
1) JERR I 0t = qo- kot (Mg kgt 51y Clsly sy culs Ko
Zero order ko, desorption rate constant (mg kg s?)
@) Jsl 450 Inge = Inqo - kat (5) oy ce o el Ks
First order k1, desorption rate constant (s%)
3) psd 4o 1/ge = 1/qo - kat (Mg kg1)1] Cialy e po ol K2
Second order k2, desorption rate constant [(mg kg*)]
4) Py 4y g = 1/qo? - kst (Mg kg?) $2] el e pw <ol K3
Third order ks, desorption rate constant [(mg kg2) 5]
) Syt (i Gt = Qo - kot'”? (MG kg™P2] Cinly cas o ol Kp
Parabolic diffusion Kp, desorption rate constant [(mg kg)9]
(6) o5 ool gugll = 1/B In (0 Bs) + (1/Bs) Int Slabslee slacols Bs (MG kgt)?] 5 (Mg kgt s7) s
Elovich as, (mg kgt s1), Bs [(mg kg)?], Equations
constants
(7) Sy &b qi= at? Slbles laest (Mg kgt b 4 (Mg kgt s) @

Two-constant rate

equations

a, (mg kg* s1), b [(mg kg1)1], Equations
constants

(456) t oloj 5> o oI}l paie lude Ot
gr: The amount of element desorbed at time t (s)

Eap oloj 4> o Bl yaie Hlude o
go: The amount of element desorbed at startup
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Table 4- Experimental design for incubation experiment

’ ) Seabl (SS9l poba
Lo Sl @ b (Sl Ty Cowgr Hlagb b (So9l ol Al 05 Cowgy
Treatment  Abbreviation Pollution with Pb  Level of rice husk biochar (R1) | evel of almond soft husk
biochar (AL)
PbsooBo Pb1l 300 mg kgt 0 wt% 0 wt%
Pb3ooBa4 Pb2 300 mg kgt 4 Wit% 4 Wit%
PbsooBsHNO3 Pb3 300 mg kg! 4 Wt% 4 Wit%
PbsooBsNaOH Pb4 300 mg kg! 4 Wt% 4 Wit%
PbsooBo Pb5 600 mg kg* 0 wt% 0 wt%
PbeooBa Pb6 600 mg kg 4 Wt% 4 Wit%
PbeooB4HNO3 Pb7 600 mg kgt 4 Wt% 4 Wt%
PbsooBsNaOH Pb8 600 mg kg 4 Wt% 4 Wt%
35 4
‘_I"_\ 30 i ‘
23 *
2 25 ° 4 A #Pbl
a 2 A
o Pb2
5 é 20 4 @ A X X b
£ 4 0 A X APb3
v 15| A X Pb4
[N AX
=
i ST
2 2 g
>
(8]
5
0 I$ T T T 1
0 1000 2000 3000 4000
Time (min)
(4dds) olej

Ollg 5l anr olo 0 0 55kS 15 05 Jhye Yo v GRS )3 (g 1 Cowgy Hlagls b ool jlowd S 53 Gloj b o paw (5jLwsli =Y UK
Figure 1- Lead desorption (cumulative) over time in the soil treated with rice husk biochar, at a concentration of 300 mg kg,
5 months after incubation
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Figure 2- Lead desorption (cumulative) over time in the soil treated with rice husk biochar, at a concentration of 600 mg kg,
5 months after incubation
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Figure 3- Lead desorption (Cumulative) over time in the soil treated with almond soft husk biochar, at a concentration of 300
mg kg, 5 months after incubation
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Figure 4- Lead desorption (Cumulative) over time in the soil treated with almond soft husk biochar, at a concentration of
600 mg kg1, 5 months after incubation
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Figure 5- FESEM for (a) non-modified almond soft husk biochar, (b) non-modified rice husk biochar, (c) HNOs-modified rice
husk biochar, and (d) NaOH- modified rice husk biochar
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Table 5- Fixed coefficients, coefficient of determination (R?) and standard error of estimation (SE) of kinetic equations of lead

desorption in treated soil with of rice husk biochar, concentration 300 and 600, 5 months after incubation

Pb1 Pb2 Pb3 Pb4 Pb5 Pb6 Pb7 Pb8
o Al ye Jo 11.18 10.94 9.38 7.66 41.64 39.55 37.29 32.88
Zero order ko 1x10% 1x10* 1x10* 1x10* 4x10% 4x10* 4x10% 4x10*
R? 0.57 0.58 0.62 0.63 0.54 0.55 0.55 0.57
SE 6.78 6.22 5.22 4.60 21.58 20.88 19.74 18.77
Jsl 45 50 Jo 2.22 2.14 1.99 1.75 3.50 3.45 3.38 3.22
First order ki 9x10% 9x10® 1x10° 1x10° 8x10% 9x10® 9x106 1x10°
R? 0.36 0.37 0.38 0.38 0.33 0.34 0.34 0.34
SE 0.73 0.73 0.74 0.79 0.71 0.71 0.71 0.78
£33 4 o Jo 0.15 0.16 0.19 0.26 0.04 0.04 0.05 0.06
Second order ko -1x10%¢ -1x106 -1x10® -2x106 -3x107 -3x107 -3x107 -4x107
R? 0.19 0.19 0.18 0.19 0.16 0.16 0.16 0.16
SE 0.12 0.13 0.16 0.22 0.04 0.04 0.04 0.06
Pow A yo Jo 0.04 0.05 0.07 0.12 0.01 0.01 0.01 0.01
Third order ks -4x107 -4x107 -6x107 -1x10% -3x10® -3x10® -4x10® -6x10°8
R? 0.11 0.10 0.10 0.11 0.11 0.11 0.11 0.11
SE 0.06 0.07 0.11 0.18 0.01 0.01 0.01 0.01
(Egokuw (Sduisy Jo 7.11 6.47 5.45 4.09 26.94 25.22 23.67 19.57
Parabolic diffusion kp 0.11 0.11 0.11 0.11 0.21 0.21 0.18 0.18
R? 0.81 0.81 0.84 0.85 0.79 0.78 0.79 0.81
SE 4.61 4.19 3.42 291 15.10 1451 13.66 12.70
ol o3lw gugll Os 25.48 23.76 21.11 19.62 74.16 72.81 69.54 70.75
Elovich PBs 341 3.80 4.31 4.63 12.58 13.22 13.89 14.32
R? 0.98 0.98 0.99 0.99 0.99 0.99 0.99 0.99
SE 1.35 1.23 0.92 0.90 3.77 3.71 3.32 3.04
Sy ab a 1.80 1.31 1.11 1.03 0.49 0.41 0.32 0.15
Two-constant rate equations b 0.43 0.41 0.41 0.41 0.41 0.37 0.37 0.37
R? 0.90 0.91 0.91 0.91 0.90 0.90 0.90 0.90
SE 0.29 0.29 0.29 0.30 0.31 0.30 0.31 0.33
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Table 6- Fixed coefficients, coefficient of determination (R?) and standard error of estimation (SE) of kinetic equations of
Lead desorption in treated soil with of almond soft husk biochar, concentration 300 and 600, 5 months after incubation

Pbl Pb2 Pb3 Pb4 Pb5 Pb6 Pb7 Pb8

oo Ay Jo 11.86 11.32 9.79 7.58 41.64 40.51 38.94 35.24
Zero order ko 1x10% 1x10% 1x10% 1x10% 4x10% 4x10% 4x10% 4x10*
R? 0.57 0.57 0.61 0.61 0.54 0.55 0.54 0.57
SE 6.77 6.47 5.33 4.41 21.59 21.18 20.62 19.44
Jsl 4550 qQ  2.22 2.17 2.04 1.82 3.50 3.47 3.43 3.31
First order ki 9x106 9x10® 1x10° 1x10° 8x10® 9x10® 9x106 9x10°®
R? 0.37 0.36 0.37 0.39 0.33 0.34 0.34 0.35
SE 0.73 0.73 0.72 0.74 0.71 0.71 0.71 0.74
£9d Ay Jo 0.15 0.16 0.18 0.23 0.04 0.04 0.05 0.05
Second order ko -1x10%® -1x106 -1x10® -2x106 -3x107 -3x107 -3x107 -4x107
R? 0.19 0.19 0.19 0.19 0.16 0.16 0.16 0.16
SE 0.12 0.13 0.15 0.19 0.04 0.04 0.04 0.05
Pow A yo Jo 0.04 0.05 0.06 0.09 0.01 0.01 0.01 0.01
Third order ks -4x107 -4x107 -5x107 -4x107 -3x10® -3x10® -3x10® -5x10°8
R? 0.11 0.11 0.11 0.11 0.09 0.09 0.09 0.09
SE 0.06 0.07 0.08 0.14 0.01 0.01 0.01 0.01
Soatw (S hudy Qo  7.06 6.77 5.84 444 2699 2601 2477 2140
Parabolic diffusion kp 0.07 0.06 0.06 0.05 0.20 0.20 0.19 0.19
R? 0.80 0.80 0.83 0.85 0.78 0.78 0.78 0.81
SE 4.60 4.42 3.55 2.91 15.11 14.75 14.28 13.13
0l odkw gugll Os 25.50 24.14 20.95 19.28 74.21 73.53 7251 71.94
Elovich PBs 3.41 3.83 4.39 4.64 13.36 13.71 14.11 14.32
R? 0.98 0.98 0.99 0.99 0.99 0.99 0.99 0.99
SE 1.36 1.35 0.97 0.85 3.78 3.67 3.53 2.95
Sl &b a 1.54 1.15 1.07 1.03 0.49 0.45 0.38 0.09
Two-constant rate equations b 0.41 0.39 0.39 0.39 0.39 0.37 0.37 0.37
R? 0.90 0.90 0.90 0.92 0.90 0.90 0.90 0.90
SE 0.29 0.29 0.28 0.28 0.31 0.31 0.30 0.31
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Introduction: Today, soil pollution is an important environmental issue that should be taken into account.
Industrial activities cause pollution and accumulation of heavy metals in the soil. Soil pollution significantly
reduces the quality of the environment and threatens human health. Heavy metals are one of the most important
pollutants in the environment, which has received a lot of attention in recent decades. Heavy metal pollution is a
serious problem in developing countries and urban areas. Among heavy metals, lead is found in large amounts in
the Earth's crust, which has several effects on human health and the environment. Lead is a non-essential
element for the plants and one of the most important pollutants, which is toxic even at very low concentrations.
Its presence in the culture medium has a negative effect on germination rate, water status in the plant, dry root
weight and aerial part of the plant, photosynthesis, absorption of nutrients and enzymatic activity. Much research
has been done to use alternative and modern methods to clean the environment of heavy elements. One way to
stabilize heavy metals in the soil is to use biochar. Due to its cation exchange capacity and high specific surface
area, biochar is able to reduce the pollution caused by organic pollutants and heavy metals, stabilize heavy
metals and improve the condition of plants and soil in terms of pollution. The aim of this study was to investigate
the effect of modified biochars rice husk and almond soft husk on lead desorption Kinetics in contaminated
calcareous soil.

Materials and Methods: To conduct this research, a sufficient amount of soil from a depth of zero to 30 cm
was collected from the farm of Shahid Bahonar Agricultural College in Kerman. Physical and chemical
properties of the studied soil were measured after air drying and passing through a 2 mm sieve. To prepare the
biochars (rice husk and almond soft husk), the residues, after collection, were air-dried and ground and then
packaged in aluminum foil to limit the oxygenation process. They were then placed in an oven at 500 °C for four
hours to produce a charcoal called biochar. Also, to prepare the modified biochar (NaOH and HNO3), one gram
of biochar was added to 100 ml of distilled water and then 10 ml of concentrated acid (or 10 g of alkali) was
added to it. Stirring at 60 °C for 24 hours. Finally, it was filtered using a centrifuge and washed several times
with distilled water to neutralize the pH. The produced powder was dried at 70 °C for 24 hours. The lead
desorption Kinetics experiment was studied at several times (5, 15, 30, 60, 120, 240, 480, 960, 1440 and 2880
minutes) in two levels of biochar (0 and 4 wt %) and three levels of lead (0, 300 and 600 mg kg), which were
incubated for 5 months under field moisture in a greenhouse.

Results and Discussion: The kinetics results showed that the desorption of lead has the same pattern in all
the time studied. Early rapid desorption occurred in the early desorption times (initial 30 minutes) followed by
low-velocity desorption (8 hours) and finally, equilibrium was observed in the treated and control samples. The
significant difference between the amount of lead released from the treated soils and control indicated a positive
effect of both used engineered biochars on reducing lead desorption. The highest amount of lead desorption was
observed in soil without biochar, while the lowest desorption rate occurred in treatments of rice husk and almond
soft husk modified by sodium hydroxide. The application of modified biochar rice husk highly reduced lead
desorption, compared to modified biochar almond soft husk.

Conclusion: According to the results, the modified biochar with sodium hydroxide caused a significant
reduction in lead desorption compared to other treatments, and this reduction was more in biochar rice husk than
the almond soft husk one. It can be stated that rice husk biochar has been more successful than almond soft husk
biochar due to its more porous structure and cation exchange capacity. Among the equations used for lead

1, 2, 3 and 5- Ph.D. Student, Professor, Professor and Associate Professor in Department of Soil Science, Faculty of
Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran, respectively.

4- Professor in Department of Chemistry, Faculty of Science, Shahid Bahonar University of Kerman, Kerman, Iran

(*- Corresponding Author Email: zahradianat@agr.uk.ac.ir)

DOI: 10.22067/jsw.v34i5.86783



1129 60— 53T B oyl FF wl> (S g ol wy s VVYY

desorption estimation, the two-constant rate equation was selected as the best model for data fit due to high
explanatory coefficient (R?) and low standard error (SE). According to the above, the use of biochar can be
recommended as a modifier in lead contaminated soils.
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Figure 1- Map of the study area and location of soil sampling points in Alborz province
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Table 1- Classification of soil quality grades

(Soil quality grade) & CudS WwMS

5L § 499 QLG
T homtrmeney Wopgs (o (Maem (Mot V) sk
Very high High Moderate Low Very high
(MDS) o 539 Jslio >0.44 0.38-.0.44 0.31-0.38 0.24-0.31 <0.24
NQI (TDS) b S35 IS >0.48 0.41-0.48 0.34-0.41 0.27-0.34 <027
(MDS) a 559 S8l > 0.70 0.60-0.70 0.50- 0.60 0.40- 0.50 <0.40
IQla (TDS) o S35 S >0.71 0.61- 0.71 0.51- 0.61 0.41- 0.51 <0.41
(MDS) o 55,5 Jslas >0.69 0.59- 0.69 0.49-0.59 0.39- 0.49 <0.39
QM (TDS) la 39 JS >0.72 0.62- 072 0.52-0.62 0.42-0.52 <0.42
(N=20) oud (550511 (sadigd 1> puiF 3 )SMae 9 B (o loonsd 5 (K252 S F29 Y Jgaz
Table 2- Soil physical and chemical properties and the yield of wheat in determined samples
S gl Sy CS  dwdy oilbe baedlpdl  (SadS S
(soil properties) (Min) (Max)  (Average) (Std.deviation) (Skewness)  (Kortosis)
o Sand (%) 16.50 92.00 45.40 18.70 0.56 -0.50
S Silt (%) 1.50 48.50 29.50 11.40 -0.84 -0.13
o Clay (%) 3.00 45.00 25.10 9.20 0.09 -0.43
sl JEe BD(g.cm®) 1.20 1.72 1.45 0.12 0.08 -0.28
Jss F (%) 35.23 54.40 45.60 4.30 -0.21 -0.18
Al G5 (1Ske MWD (cm) 0.00 2.48 0.64 0.45 0.97 2.07
o JB AW (%) 4.94 19.90 12.28 3.06 -0.11 -0.07
el (Sdgpien colin Ks (m.day?) 0.001 4.89 0.77 0.95 191 4.06
Al pH 7.22 8.47 7.97 0.23 -1.04 1.86
Sl colia EC (dS.m?) 0.56 18.16 2.68 2.83 2.75 9.84
oo OM (%) 0.46 4.68 1.61 0.35 1.50 5.69
Joleo S Sl 5 CCE (%) 7.70 34.60 16.19 4.35 0.69 3.11
e > Cod SAR 0.48 217.00 5.52 2.07 9.56 29.50
oslil b6 yaud Pava (Mg.kg™) 3.00 174.00 27.50 33.24 2.21 4.88
ozl BB el Kaa (Mg.kg™) 135.00  1455.00 436.00 238.00 1.76 4.44
ol Fe (mg.kgh) 1.70 17.36 5.82 2.48 1.24 3.64
o Cu (mg.kg™) 0.62 3.38 1.74 0.63 0.63 0.35
e Mn (mg.kg?) 2.56 22.22 9.04 3.74 1.29 1.95
25! B (mg.kg?) 0.00 19.89 2.75 2.55 4.82 28.4
) Zn (mg.kg™?) 0.22 4,92 121 1.01 1.86 3.36
(52950 puilS SMR (mg CO.. day*.g?) 0.31 1.79 0.92 0.27 0.34 0.48
s 5 Slas Grain Yield (kg.ha?) 2700 10000 5934 1592 0.51 0.34
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Table 4- Bartlett’s test and Kaiser-Meyer-Olkin

Kaiser-Meyer-Olkin (KMO) 0.72
) gl S ol 2102.4
byl cog)S eel - Approx. Chi-Square
(Bartlett’s test) (df) oljl 2y 210

(Significance) ¢ > sz 0.0001

S oudss slagadld kb lis!

Ot (Sied (SLS i claasls (e il ol
o3l (2025 (NQI) 9,905 oS clapaili 5 o pai8 5 Slos
Bl 5 S gla Shy JS 55 (IQW) Sis 5 (1Q1e)
ChS asls oy 9 38 e ST o Sl (g S
5 gy U] i sl S
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Table 5- Eigenvalues, cumulative percent of variance and loading coefficient of selected properties in the components

Components aslge

1 2 3 4 5 6
(Eigen value) o34 35, 6.06 3.17 2.48 1.77 1.31 1.16
(Cumulative percent) Lub,ly seos 1oy 28.84 43.93 55.74 64.19 7.44 75.97
Pava - 0.77 - - - -
Zn - 0.71 - - - -
AW 0.81 - - - - -
TNV - - - - - -0.59
B - - - - - 0.60
SAR - - - - 0.63 -
BD - - -0.66 0.57 - -
F - - 0.63 -0.63 - -
Clay 0.85 - - - - -
Sand -0.90 - - - - -
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Table 6- Scoring functions and upper, optimum and lower threshold values of measured properties for wheat growth

2945t dinoS A D9t ding A 3945w Al A
S oS5 P30y b R . .
S S5 scoring kS oS oS
soil properties Function Lower threshold Optimum Upper threshold
values threshold values values
o Sand (%) Optimum renge 10 40 85
o Silt () Optimum renge 20 40 60
. Optimum renge
Clay (/) pwu ng 10 20 60
P o g b 18
e 1.75
sl JSs BD (g.cm"?) w::):] , vt ibitfr 11;5
s (o) 29 15
) 14
o Ob g 32
o ey 34
s . G oy pd 9 pd More is better 36
S F (Z) =) o9 ool iy ey 38
S 59y 29 43
) 47
aailiss s 59 ik MWD (cm) More is better 0 3.38
ooy B AW (/) More is better 15 25
ebsl (Sdgyn colan Ks (m.day?) More is better 0.002 2
gl pH Optimum renge 5 7 8.4
Sersdl cgle EC (dS.m?) Less is better 6 20
Sl osls OM (%) More is better 0 2
Jolre S’ Sl S CCE (%) Less is better 15 50
i ol Cowd SAR Less is better 13 20
oslital LG it Pava (Mg.kg?) More is better 5 15
oslil LB pply Kava (Mg.kgt) More is better 100 200
ool Fe (mg.kg?) More is better 25 75
e Cu (mg.kg™h) More is better 0 0.5
Jien Mn (mg.kg?) More is better 3 10
9 B (mg.kg?) More is better 1 3
&9 Zn (mg.kg) More is better 0.25 1
(29550 i SMdRa)STg_gOz More is better 0 1.78

ol au ang bams o ol 1) bl ol )ljis o ol paiS
=4S (IQla 5 IQlw NQI) S5 coas sloyadli polie
O S 6yl 4 0yl3 Dy (P4 +Y) s dme (Ssansens ilotel
(S slaShy Jihs s S slaShy J5) el 5
IQIW ¢ (r=~/F/\) NQI LgL_hu»l__w 2 )l.)(_s__.i:.o M
hlen 5 o551 Glods s saaliie (r=+/VY) 1Ql4 4 (r=+/Y)
03t wl (yo (6550liS” (glaye; pd a8 ol L by 5o (YA)
9 (r=+/AY) gy505 cstS (s lis ) oy JS g laosly sl ]

dileis SIA cudas G g
ddbaie ()5S slagno) o SB CuiS Cuxdg A Joi>
x5 5 (NQI) 5y5m0 S (sl sl j1 odlizl b 1, ol s
SlaShy Jhas g b Shy JS 0 (1QN) g 5 (IQla) ool
sl ol ke dalaie guls dy dogi b oo o s o sl
L Ty col SB i spasls polie jlas 5l gy 0gioce
B+ 5l i (A Joiz) cudS slapadls ale 5 (560ko @ 2298

D13 s (i g cob NS )3 adllas 3590 bl ao >
Slas 5 S ciS slaadls o (Kiawes 4 Joi>
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P Smed ol g Gl (P4/4Y) Jb pre (Stuser b g
Ol e (2SSl il 3 (cdnghy 3 (V) oSen 5
bre (Stuod g6 3 Slas g SB cuas (adls o a5 00l
as” ol las aimgh 50 (Vr) oh)Sed 5 S .l (p<+/+Y)
(r=+1A) S’ Jgae 3)Sdas g (RSQI) s SB ot o
Wb odalie (o) pxe  (Siused (r=+/2+) puiS 5 Slas 4

e (P11) 3 e S (1=+3-) Sy e
g Loy Jlas) Sb (sla Shy Ol o9y 93 2 53 (i
b ine (Sisrat Q15 4 1Qhy NQI s (Lnosls |5
2 =gk 3 (V) GhbSen g yoslesy )0 2529 (P<+/4Y)

P IQL e 4 5005 5Lt (a5 il (55biS” (slyee;
55 (V) oySed 5 adl s el (1= /YY) NQI Jse 51 s (1=
Sl )3 (y9 135 s (65,5l (3l > (g 5
1Qla }) e (R? = +/AY) 1Qlw &8ssy glti oyl ois S
5 ool pIiS 5,Shae oy ol (R2= +IVF) NQI 5 (R2 = +/VA)

(MDS) (sl 5529 Jlss o (TDS) W S 529 JS 5f oMl (pdg )3 0 (535 0511 (S S 529 39 p3lie -V Jgi>
Table 7- weight values of soil properties in the TDS and MDS methods

(TDs) Weals Js

(MDS) sty J8las

S gl S
(Soil properties)

SrdST sl 039

Syl 339

(Communality) (Weight) (Communality) (Weight)
o Sand (%) 0.95 0.06 0.63 0.17
s Silt (%) 0.87 0.05
o Clay (%) 0.83 0.05
sl JBs BD (g.cm™®) 0.96 0.06 0.55 0.15
Jdss F(%) 0.97 0.06
Ll Hlhad i :Ske MWD (cm) 0.57 0.04
o ywd JoB AW (%) 0.84 0.05
elal (SJgyid colin Ks (m.day?) 0.65 0.04
Al pH 0.63 0.04
Sl ol EC (dS.m™) 0.69 0.04
Slosle OM (%) 0.81 0.05
Jdlee el iy 5 CCE (%) 0.77 0.05 0.57 0.15
e ol o SAR 0.57 0.04 0.68 0.18
ool 18 yaud Pava (JMg.kg?) 0.85 0.05 0.64 0.17
ool 58 panolty Kava (Mg.kg?) 0.67 0.04
ol Fe (mg.kg™) 0.67 0.04
e Cu (mg.kg?) 0.67 0.04
Ko Mn (mg.kg?) 0.68 0.04
e B (mg.kg™) 0.82 0.05 0.64 0.17
&3y Zn (mg.kg?t) 0.82 0.05
(295w S SMR (mg COz2. dayt.g?) 0.72 0.04
axllle 3590 atlaio (65,9l (Sl mej )0 S CudsS Comdg -A Jgua
Table 8- Soil quality status in agricultural areas of the study area
e SiaobBl gy aS din Sl o
Index Indicator method Min Max Mean Median
NQl (MDS) b S35 Jolas 0.23 0.81 0.44 043
(TDS) b Sio JS 0.29 0.53 0.42 043
o, (MDS) b S35 Jolas 0.39 0.98 0.71 0.72
(TDS) o 53 JS 0.43 0.79 0.62 0.63
ol (MDS) b S39 Jolas 0.39 0.98 0.71 0.72
(TDS) o 559 JS 0.40 0.81 0.62 0.64
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Table 9- Correlation between soil quality indices and the yield of wheat in the irrigated farms of the study area

T Lt s Lo T vudcon
Index Indicator method 1Qlw Q1 NOI 1Ol 1012 NOI

QI 1

10l oS30 ol 1.00% 1

(MDS)

NQI 094 094 1

o 0.76*  0.76*  0.79* 1

Qs “"Zf 595 )Jf 0.72* 073"  0.68* 0.99* 1

NQI 0.72* 073 068" 0.99*  1.00% 1

(Wheat Yield) ps >,Slec 0.68* 067 062 0.61* 058 058 1

Additive soil quality ) esbe xeo0 cuas jasls :IQla (Weighted additive soil quality index) ;g xems cuis (esls 1QMw =
(Nemero quality index) g,ses cuas jasls NQI 4 (index

(woy3) S CubsS s WIS 13 (6559WiS S e ; Colmo =Y ¢ Jou>
Table 10- Land area in soil quality classes (%)

Soil quality grade S'ls CudS WIS

ol S 59 LB hy, 0 ; . -
Index Indicator method () &% 4 (1) ey (1) bawgio (V) omb (V) oml b
Very high High Moderate Low Very high
(M.D.S) oS Sl 42.11 29.47 20.00 7.37 1.05
NOI Minimum data set
(TDS) o559 JS 15.79 42.11 29.47 12.63 0
Total data set
(M.D\.S) by Jola 56.84 24.21 13.68 4.21 1.05
101, Minimum data set
(TDS) Lo S35 J5 17.89 45.26 27.37 9.47 0
Total data set
(MDS) ta 5325 Jol> 56.84 25.26 1158 6.32 0
te] Minimum data set
w &
(TDS) S5y J5 15.79 38.95 28.42 15.79 1.05

Total data set

O o plalp )3 (96 ddlate) ol (5)15 o )lyhe; 3bli
IS5 asgemme jl odlanl Ly (IQ1) reo5 CudS adls o5 ol
Bl > SB cudS bl lp ) r 5 5e (= /FF) Lol
oS Ly slayliisS waw 1Qla () 55 Gwiopen .l it
oM > Jg el 3ml NQIE hgy 53 5 0p YL s (LS
1Qlw 5 NQI a4 bgiyo oy 4 aw (wicmb 9 Vb 05>

!

8 5 4o

P 3y Shoe 5T L dilate (glanl5niS 5 a8 sy ol ol
sl s o ool woolitel b s il 13t cos

21l adlate (65,5l (slaie) Colue Ve Jyio

023l 0 @t 4 da g b e o slis S cuas g WS
s oS35 8l 5l o2lil 39, ;5 1Qla 5 IQlw NQI (oo
L S b 58 1oy Sy JS J odlisl b, &
2 i ol 0ad S S ple Jg it (I o) 095
od yuiey SB caS (oMS paw osly JBlas 5l osliwl 5,
Ol o3 (=2l 53 (V) e 5 (Ul 455590 > ol
Cous bodly J8lis 1 odlawl (o5, 0 a8 oy Hlis ol lws S
5 sl G g o (s WS Glied g Colue baodly S 4
ol by (B g omls CekS b sl ime) el g colus
e PSS CriS wyp b (V8) o) g oy sl
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Introduction: Awareness of the physical, chemical and biological quality of soil in agriculture and natural
resources is essential for optimal land management and achieving maximum economic productivity. Soil has
various functions, including crop production ability, carbon storage, water retention, nutrient cycling, water
filtering and etc. Thereby, the quality of soils can be taken into consideration depended on the purpose of their
use. The soil quality indices are often regional; therefore, a set of indices cannot be used consistently to
determine soil quality in all areas. In this study, the Nemero Soil Quality Index (NQI), the Weighted Additive
Soil Quality Index (SQlw), and the Additive Soil Quality Index (SQIla) were determined using the total data set
(TDS) and minimum data set (MDS) and the impact of properties affecting the soil quality and the yield of
irrigated wheat were investigated, in Nazarabad region.

Materials and Methods: This study was carried out in 26000 hectares of Nazarabad agricultural lands,
known as an area with irrigated farms in western Alborz province. The Nazarabad area was sub-divided into a
network consisting of 95 squires of 1650 m x 1650 m. The surface soil (0-30 cm) was sampled from the farms
located in the middle of each squire (9+5 soil samples from 95 farms) and the irrigated wheat was sampled from
32 farms. Then, soil physical properties including sand, silt, and clay percentages, soil structural stability
(MWD), bulk density (BD), particle density, soil porosity (F), field capacity (FC) and permanent wilting point
(PWP), available water (AW), saturated hydraulic conductivity (Ks) and soil chemical properties including
salinity (EC), pH, organic matter (OM), equivalent calcium carbonate (TNV), available phosphorus (Pava),

available potassium (Kava), sodium absorption ratio (SAR) and soil microbial respiration (SMR) were measured.

Effective properties on soil quality were selected using SPSS 24 by principal component analysis method (PCA).
For this purpose, components with Eigen values greater than one were selected and in each component,
properties with high loading coefficient up to 10% lower than the highest loading coefficient were selected MDS
affecting soil quality. Then, the Nemero Soil Quality Index (NQI), the Weighted Additive Soil Quality Index
(SQIw) and Additive Soil Quality Index (SQI.) were determined using TDS and MDS. For validating soil quality
indices, the correlation between the yield of irrigated wheat and NQI, 1Ql, and 1Qly, indices were determined in
MDS and TDS.

Results and Discussion: The results showed that the correlation between the soil quality indices (NQI, SQlw
and SQlI,) using TDS and MDS were significant (p <0.01). In addition, a significant correlation was observed

between methods of MDS and TDS in I1QIy (r=0.76), 1Ql, (r=0.73) and NQI (r=0.68) indices. According to the
results, there was a significant correlation (p <0.01) between the yield of irrigated wheat and 1Qlw (r=0.68), 1Ql,
(r=0.67) and NQI (r=0.62) using MDS method; and using TDS method this correlation values were 0.61, 0.58
and 0.58, respectively. The results indicated that using NQI, SQIlw and SQI, indices based on MDS, 42, 57 and
57% of the study area were in very high quality category and 29, 25 and 24% were in high quality category,
respectively. However, using NQI, SQI and SQI, indices based on TDS, 16, 16 and 18% of the study area were
in very high quality class and 42, 39 and 45% were in high quality class, respectively.

Conclusion: The results showed that in Nazarabad region, the yield of irrigated wheat was affected by
texture, Pava, B, SAR, Bd and TNV. There was no significant difference between 1QIlw and 1Ql, and NQI indices.
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In addition, the correlation between soil quality indices based on MDS and total data set was significant, and the
correlation between the yield of irrigated wheat and the soil quality indices was stronger while using MDS rather
than the use of TDS. Therefore, it seems that the use of MDS is more appropriate due to better results and fewer
properties and less cost. According to the results obtained from Nazarabad region using NQI and SQI indices,
nearly 82% and 72% of the area are in the very high and high quality class, about 6% and 8% are in the moderate
quality class and about 7% are in very low and low quality class, respectively. The studied area is less restricted
in terms of physical properties such as soil texture and bulk density. Consequently, due to the high quality of
soils in Nazarabad region, it is possible to improve the yield of wheat by proper management

Keywords: Additive soil quality index, Nemero Quality Index, Principal component analysis, The yield of
wheat
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Table 1- Name and number of Coastal cluster stations (Farzandi, 2011)
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Station number Station name Station number  Station name  Station number Station name
1 bl 9 (] 3 & El 4l
Abadan Astara Omidiye aghajari
4 Jo933 oLl Law 5 FONRH 6 350y ol834,8
Safi abad Dezful Bandar Daier Lamerd airport
7 oole o 8 ISR 9 Renle,
Bandar Abbas Bandar Lenge Bandar Mahshahr
10 uLH(’ 11 Ot“’y 12 )""‘“l)
Behbahan Bostan Ramsar
Coastal Bushehr Dehloran Dezful
Qara kheil Bandar Anzali Gonbad kavus
19 e 20 Sl 21 S o
Manijil Jask Qeshm Island
22 il 23 gesl 03> o4 S 033>
Babolsar Abu Musa Siri Island
25 e 26 e 27 .l
Kahnooj Minab Gorgan
28 4 °5|)'° 29 )Q(“’ﬁ’ 30 )“’)Q("I)
Marave tappe Noshahr Ramhormoz
Pars Abad Rasht Bushehr
I I .a oA .
Ahvaz Shooshtar Sarakhs
37 oS oy 38 J 39 S
Kish Island Zabol Zahak
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Table 2- Name and number of Mountainous cluster stations (Farzandi, 2011)

ol ! 05lowid oyl oU ol ! 0y lowd o] o 8! & loud oKyl oU
Station number  Station name  Station number Station name Station number Station name
| ol
! s 9 Liile,S 3 sy
Ahar Kermanshah Arak
Mahshan Baft Bijar
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Siah Bisheh Khodabandeh Tafresh
55 o 56 = 57 e
Takab Yasuj Shiraz
Shahre Babak Zarrineh

alaly Bl (35 S-S0l L by (goxie 05 o dpslore i
sl bod 5y JL,S51 b F(1) ] e casas (V)

5281 S50 b il 395 (Lo (128000 dalne
Cowly a adge ¢yl (e S Lod (69,0l i
25 e 1L 5,0l b bod (S0l dusloes (sl

s (jy03las lelu) YF 5y g 03,8 dewloes |y jusie opl ovio



WYO ! ol cilizio (2193 0 4ilg) (lod reilao 3591 3 02 (507,15 sl gKl

(VY2 cgj,3) (Flludont 5 Sl adgd ((Lolium] o)loni g ol —Y Jgua
Table 3- Name and number of Desert and semi-desert cluster stations (Farzandi, 2011)
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7 A pul 8 )ib 9 QI'W;P
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10 4 OL:’SD 11 ~ 12 w0908
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13 - 14 o193 15 o)
Garmsar Qazvin Rafsanjan
16 ol 17 Ol 18 hlall s
Quchan Golmakan Hasan Abad
L il 20 >3 21 OIS S 38555
Iranshahr Yazd Jeophisic Tehran
22 G 23 plbxs 24 o
Jolfa Konjanjam Kashan
25 3 26 A 27 Sllg
Kashmar Khash Khorbiabanak
Khor Birjand Mehrabad Airport Khoy
31 N 32 et 33 s oo
Lar Mashhad Miandeh Jiroft
34 u‘-‘*ee 35 )9"L‘“" 36 t"bl{ Cody 'I“‘U
Nehbandan Neyshabur Robate poshte Badam
37 yswe 38 ol 39 e
Sabzevar Zahedan Save
40 glies a1 292l a2 M
Semnan Shahroud Anar
43 JL’T P 44 Pl? Coy 45 °}i‘
Khoram Abad Torbate Jam Izeh
46 Ol9l)"“’
Saravan

5
(VY 53558) yomo dilio (551,81 (gusanigh (bl ooyl (grinain - JSW
(EARPCPOEARES WSt e g )]
Figure 1- Clustering of Iran based on partitioning around medoids (Farzandi, 2011)
(1- Coastal, 2- Mountainous, 3- Desert and semi-desert)
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Table 4- Specifications of the first cluster sample stations

g3, o] @b Ol aldle G2 aldle Jib (M) gl
Row  Station name State Latitude Longitude Elevation(m)
1 hheo! oS 38.36 48.85 -21.1
Astara Gilan
2 ol i 27.21 56.37 9.8
Bandar Abbas  Hormozgan
3 b ohite 36.90 50.68 20
Ramsar Mazandaran
4 G oS 37.47 49.46 236
Bandar Anzali Gilan
5 bl ohite 36.72 52.65 21
Babolsar Mazandaran
6 o83 els 36.90 54.41 0
Gorgan Golestan
7 &) oS 37.32 49.62 8.6
Rasht Gilan
090 At diged (o] Wlasuiv —0 Jouo
Table 5- Specifications of the second cluster sample stations
Gad s Kuw! oU obw! Wil o, oldlas Job (m) glas !
Row  Station name State Latitude Longitude Elevation (m)
obidle,S obidle,S 34.35 47.15 1318
Kermanshah Kermanshah
2 n3) i 3765 45.05 1328
Urmia West Azarbaijan
3 e s 29.46 55.68 1739
Sirjan Kerman
25 e s Jolee 32.29 50.84 2048
Shahrekord Chaharmahal va Bakhtiari
o ok 36.66 4852 1659
Zanjan Zanjan
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Table 6- Specifications of the third cluster sample stations

yd, ol U Obw! Wil o oldlas Job (m) gl !
Row Station name State Latitude Longitude Elevation (m)
1 Lé o 28.89 53.72 1268
Fasa Fars
2 Ul ol5298 ol 35.69 51.31 1191
Mehrabad Ariport Tehran
3 i i 34.77 50.85 879
Qom Qom
4 > % 31.90 54.28 1230
Yazd Yazd
5 ohal sl 5 Ol 29.47 60.90 1370
Zahedan Systan va Baluchestan

Lo o i |y pad ddgd I oliile,S olSius! (slod &y (slmodld adlhio (g9, slabolw g g Cunl Jbop bylyd aSl @ las
L Sad o olulid joy o (glp &S (glodied (slmosld d)l05 3525
L g o oy dm 5 I8 gy (5008 b Sl goie I (625 55l
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Table 7- An example of temperature irrelevant data in Kermanshah station of the second cluster

o] o

Station Jb ole 39 TO T3 T6 T9 T2 T15 T18 T21  TOO
Year Month Day
name
olisle s 1987 12 3 -7.6 -9.8 -4.6 8 5.4 8 1 -4.2 -5
Kermanshah
olisle s 1990 6 20 12 4.5 23 30 31.6 29 23 16 14.2
Kermanshah
sbidle s 1994 9 5 12.6 12 28 21 258 27.2 24 194 164
Kermanshah
sbidle s 2006 5 12 6.2 8 156 202 253 10 24 20 18
Kermanshah
osbisle s 2011 7 4 168 174 19 334 22 19.6 17 15.4 14
Kermanshah

JUsE 51 ot 09 digh olidle S o] (slod < yy (g2dId 51 gldiged —A Jgia

Table 8- An example of temperature irrelevant data in Kermanshabh station of the second cluster after screening the data

ol ol .

Station Jb ole 2 0 T3 T T9 TI12 TI15 T18 T21 TOO
Year Month Day

name

obidle S 1987 12 3 -76 -98 -46 2 5.4 8 1 -4.2 -5

Kermanshah

obidle S 1990 6 20 12 145 23 30 31.6 29 23 16 14.2

Kermanshah

obidke S 1994 9 5 12.6 12 18 21 258 272 24 194 164

Kermanshah

obiileS 2006 5 12 6.2 8 156 202 253 24 24 20 18

Kermanshah

obidle s 2011 7 4 16.8 174 19 204 22 196 17 154 14

Kermanshah
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Chart 1- Matrix dispersion characteristics of the behavior of input variables in the first cluster pattern against each other
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Table 9- The coefficients temperature patterns of the first cluster, t values and probability values

o 8o 3 )lailiw! cul o o 3 ,lili! cul o p-value
Model Unstandardized coefficients Standardized coefficient t
B Std.Error Beta
1 (Constant) -1.902 0.018 -106.706 .000
Tmax 0.900 0.001 0.976 1209.238 .000
2 (constant) 0.043 0.006 7.421 .000
Tmax 0.489 0.001 0.518 925.540 .000
Tmin 0.508 0.001 0.482 860.263 .000

Jol adigh slosogd (5651 souile L Clasuin — Y+ Jgia
Table 10- The residual of the second temperature pattern in the first cluster

oo por Sl e e Bl ool
Minimum Maximum Mean Std. Deviation
Residual -1.645 1.646 .000 0.5485
Std. Residual -2.999 3.000 .000 1.000

Dependent Variable: Tavg

Mean = -9.00E-13
Std_Dev. = 1.000
N=73300

2,500

2,000

Frequency
9

1,000

500

Regression Standardized Residual
Jal asbgs slod 093 5o (sosilo 3L (SlglS @2jof - fages
Chart 2- Residual distribution of the second temperature pattern in the first cluster

Dependent Variable: Tavg

Expected Cum Prob

00 T T T T
00 02 04 0§ 08 10

Observed Cum Prob
Jol adigh slod 093 (5o sroile AU Jlais! -F a4
Chart 3- Residual probability of the second temperature pattern in the first cluster
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Dependent Variable: Tavg

Regression Standardized Residual
i

-3

T
3

Regression Standardized Predicted Value

Jol aigd slod 095 (5651 pud 3,luiliw] gosile BU WiSTy —£ 415405
Chart 4- Standardized residuals distribution of the second temperature pattern in the first cluster
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Table 11- Final estimating daily average of temperature patterns for the first cluster and each sample station

) 4{'55’ $lod (Sl 26 55! R2  .StdErr Durbin-Watson F P-valu
Final daily average of temperature pattern
gl eds Tavg = 0.047 +0.489T max-+0.508T min 0995  0.54 1.901 84230313  .000
First cluster
A')L;“‘ Tavg = 0.066+0.503T max+0.497T min 0995  0.55 1.837 10638448 .00
Stara
ol Tavg =-0.51+0.509T max+0.483T min 0993 053 1.774 7410276 .000
Bandar abbas
R)‘“") Tavg =-1.71+0.540T max+0.456T min 0995  0.50 1.742 11176953 .000
amsar
A Tayg=-0.178+0.546T max+0.456T min 0997 041 1817 17674753 .000
Bandar Anzali
. )t;“l’f Tavg=—0.303+0.513T max+0.490T min  0.996  0.47 1.880 12881664  .000
abolsar
GOK; Tavg =0.26+0.487T max+0.498T min 0993  0.70 1.984 7038662 .00
organ
Rwrit Tavg =-0.11+0.483T max+0.511T min  0.995 0.56 1.971 961229.8 .000
as

dsgere pj slaped | Su p g adgd (gl ol W)l (slagSl
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Table 12- Daily average of temperature patterns for the second cluster and each sample station

) f".” $lod (aNle led %! R2  .StdErr Durbin-Watson F P-valu
Final daily average of temperature pattern

P 45° Tayg=-1.009+0.572T max+0.450T min 0993  0.85 1.932 35968906 000
Second cluster
LlF  Tavg=-1.125+0578T max+0.443T min 0993  0.80 1.862 809487.2 000
Kermanshah
o Tavg=-0644+0.539T max+0480T min  0.994 077 1.786 8331356 000
rmia
g"f‘“ Tavg =-0.613+0.549T max+0.498T min 0990  0.92 1.860 5547957 .000
irjan
25 Tavg=-1.735+0.624T max+0.403T min  0.992 0.79 1.980 662077.3 .000
Shahrekord
Zﬁ’l’f"} Tavg=-0.864+0.559T max+0.443T min  0.991 0.89 1.952 633049.3 .000
anjan

Wgod Lol 51 Sy 2 5 pow dnigs gl ailie, (Slod (ke 3)91 2 (25 5NN -IY g
Table 13- Daily average of temperature patterns for the third cluster and each sample station

) ?‘5” $lod (xSl 2e5 5! R2  StdErr. Durbin-Watson F P-valu
Final daily average of temperature pattern

Py b Tavg=-0.935+0.552T max+0.479T min  0.994  0.75 1.855 44717214 000
Third cluster
Fu Tavg =—0.826+0.531T max+0.515T min  0.993  0.76 1.952 7322732 000
asa
Jlg])Q(o o8ag,9
Mehrabad Tavg=-0.935+0.589T max+0.419T min  0.997  0.57 1.789 16641729 .00
Ariport
Qﬁ’é Tavg =—1.091+0.561T max+0.466T min 0995  0.76 1.987 10191914 .00
om
Y)kd Tavg = —1.246+0.570T max+0.456T min 0995  0.69 1.839 11247766 .000
az
Zdr:“;‘)' Tavg=—1.427 +0.582T max+0.472T min 0990  0.87 2.213 5349574 000
anedan

MSE apole b dlio (! 55 (65 (99 9 Jgore 9y 42 Jgl adgs (slod (il dunliio -V € Joua
Table 14- Comparison of average temperature in the first cluster using the conventional method and the proposed method in
this paper by calculating MSE

b Jol asdgs Iyl ol A sl I sl gES e,
Temperature First cluster Astara Bandar Ramsar Bandar Babolsar Gorgan Rasht
Abbas Anzali
\MSE 0.52 0.38 0.29 0.39 0.20 0.35 1.1 0.92

{MSE 0.45 0.31 0.24 0.36 0.18 0.32 1.0 0.79
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Table 15- Comparison of average temperature in the first cluster using the conventional method and the proposed method in
this paper by calculating MSE

aog)l 3SR plaw b

Temperature Second cluster Kermanshah Urmia Shahrekord Sirjan  Zanjan

L 093 duigh oLl 5
\MSE 1.06 1.10
YMSE 0.82 0.72

0.72 1.32 1.21 0.95
0.65 0.96 0.73 0.87

MSE amwlowe b dlio (ol )3 (3kiubs (99, 9 Jgome S 109 &2 pow duigd (Slod (a5l duglio =T Jgaa
Table 16- Comparison of average temperature in the first cluster using the conventional method and the proposed method in
this paper by calculating MSE

(") Pow digdh  lud 3Ll ye0 o8 5 ol
Temperature Thirdcluster Fasa Mehrabad Qom Yazd Zahedan
\MSE 0.83 0.85 0.48 0.82 0.68 1.34
‘MSE 0.65 0.65 0.40 0.63 0.55 0.83
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Introduction: The behavior of daily changes in temperature is not straightforward. We first drew the curve
of this variable on a normal day. It can be seen that the distribution of this variable was not normal. The curve of
this variable was a skewed curve to the right. Therefore, the equal coefficients could be used only as
approximation for estimating daily average temperature. Climatic conditions of the meteorological stations were
also another parameter to be considered. This research presents a new method for estimating daily average of
temperature in three climatic regions of Iran. The patterns for the sample stations in each climatic region were
presented separately.

Materials and Methods: E. Eccel (2012) developed algorithms to simulate the relative humidity of the
minimum daily temperature in 23 weather stations in the ALP region of Italy. In this research, the base pattern
was calibrated by temperature and precipitation measurement.

Ephrath, et al. (1996) developed a method for the calculation of diurnal patterns of air temperature, wind
speed, global radiation and relative humidity from available daily data. During the day, air temperature was
calculated by:

Ta :Tmin +(Tmax +Tmin)S(t) (1)
t—LSH +D2L )
S{t) =sin(r ——=
M) =sin(r—5 55 )

where S (t): Dimensionless function of time, DL: Day Length h, LSH: the time of maximum solar high h, t,:
Current air Temperature, P: the delay in air Tmax With respect to LSH h.

Farzandi, et al. (2012) presented more accurate patterns for estimating daily relative humidity from humidity
of Iranian local standard hours and daily precipitation variables, the minimum, maximum and average daily
temperature in coastal regions. The purpose was to present linear and nonlinear patterns of daily relative
humidity separately for different months (12 patterns) and annually in coastal regions (the Caspian Sea, the
Persian Gulf, and the Oman Sea). Rezaee-Pazhand, et al. (2008) introduced new patterns for estimating daily
average temperature in arid and semiarid regions of Iran. Final pattern has interception and new coefficients for
estimate daily average of temperature.

T =-1.132+0.417T,, +0.591T, ®)

Veleva, et al. (1996) showed that the atmospheric temperature-humidity complex (T-HC) of sites located in a
tropical humid climate cannot be well characterized by annual average values. Better information is given by the
systematic study of daily changes of temperature (T) and relative humidity (RH), which can be modeled with
linear and parabolic functions. Farzandi et al. (2011) divided Iran into three climatic clusters used in the present
work. First a classification which provides climatological clustering. This clustering was used the data of annual
relative humidity, temperature, precipitation, altitude, range of temperature, evaporation and three indices of De
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Martonne, Ivanov and Thornthwaite. Iran was partitioned into three clusters i.e. coastal areas, mountainous range
and arid and semi-arid zone. Several clustering methods were used and around method was found to be the best.
Cophenetic correlation coefficient and Silhouette width were validation indices. Homogeneity and Heterogeneity
tests for each cluster were done by L-moments. The “R”, software packages were used for clustering and
validation testes. Finally clustering map of Iran was prepared using “GIS”. The data of 149 synoptic stations
were used for this analysis. Systematic sampling was done to select sample stations. The linear regression model
was fitted after screening and data preparation. A model was presented for estimating daily average of
temperature in each climatic region and sampling stations in each cluster. The best models were presented by
reviewing the required statistics and analyzing the residuals. The calibration and comparison of the presented
patterns in this paper with commonly applied models were undertaken to calculate the mean squared error.
“SPSS.22” software was used for analysis.

Results and Discussion: The coefficient of determination (R?) and the Fisher statistics show that the patterns
have a good ability to estimate the daily average of temperature. The daily average temperature pattern
confirmed an interception in the equations. Standardized coefficients showed that predictor variables were not

weighted in all of the patterns. The average values of the residuals in each pattern was zero. According to the
graphs, stabilization of variance can be seen based on the residual on each pattern in each cluster. The mean

squared error is a measure of the applicability of patterns. The accuracy of the estimating daily average
temperature by the recommended models in three climates was confirmed by calculating the mean squared error.
The proposed patterns of this study had less error than common patterns. Thus, the patterns have a good ability

to estimate daily average temperature.

Conclusion: The maximum temperature in calculating daily average of temperature is more effective than
the minimum temperature. The standardized coefficient (Beta) of the daily average temperature patterns in
coastal cluster was 48.2% for the minimum temperature and 51.8% for the maximum temperature. The largest
influence of the maximum temperature was 63.1% in mountainous cluster for estimating daily average
temperature. Range of the interception in the equations was from -1.735 to 0.26. The independent assumption of
the residual was confirmed with the acceptable value of Durbin-Watson statistics. The average of the residuals in

each patterns was zero. According to the graphs stabilization of variance can be seen based on the residual on the
each pattern in each cluster. The proposed patterns were calculated according to mathematical principles but the
common patterns did not consider these mathematical principles. The mean squared error (MSE) of the proposed
patterns are less than common patterns. Therefore, the patterns presented in this study are more powerful than
common patterns. The largest difference between the proposed patterns and the common patterns for estimate
the daily average of temperature was 24% in mountainous cluster. Climatic clustering was done for states. The
monthly and annual average temperature can be reliably estimated by using the data of sample stations in each
state. These findings can be used to estimate daily, monthly and annual average of relative humidity in three
climates and sample stations. In addition, one can employ the method for estimating daily, monthly and annual
average of relative humidity and temperature based on around climatological clustering of Iran and other
stations. Annual relative humidity, temperature, precipitation, altitude, range of temperature, evaporation can
also be applied to estimate daily, monthly and annual average of temperature and relative humidity more
accurately.

Keywords: Daily average of temperature, Maximum temperature, Minimum temperature, Regression model,
Systematic sampling
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Table 1- The geographic characteristics and precipitation in the study synoptic stations in Fars province
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Station Longitude Latitude Altitude  Period (Year) Average annual Climate type
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Y 53°18° 27°37 405 1995-2018 198.3 s S5

(Lamerd) Arid Warm
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Table 2- The results of the SDSM model evaluation at the calibration period

bm, u:‘d.w's 2,92 R2 SE
Station  Calibration Period

oot 1986-2001 028 047
(Abadeh)

Uy 1986-2010 0.32 0.36
(Bavanat)

5‘{*"‘3 1986-2001 0.37 0.39
(Shiraz)

L 1986-2001 0.29 0.34
(Fasa)

Y 1986-2003 031 0.35
(Lar)

2y 1986-2006 0.26 0.33
(Lamerd)
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Table 3- The results of the SDSM model evaluation at the validation period
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Station  Validation period

R? RMSE MAE NSE

. 2002-2017
(Abadeh)
by 2011-2017
(Bavanat)
e 2002-2017
(Shiraz)
Le 2002-2017
(Fasa)
N 2004-2017
(Lar)
Y 2007-2017
(Lamerd)

0.87" 0.22 014 o081

0.71" 0.21 0.16 0.87

0.93" 0.31 0.17 095

0.44™  0.60 0.43 0.70
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0.80" 0.24 0.17 0.89

londs o3l Lis i g % WSMe caliwg 4 iy 4 uibyly 435 g0l 1 doyd A0 9 e Jle] paw 4> I ixe (sl Lol

ol palie a8l (L glialie o (Sluwbxe (5)l dulis
s Y ool oianl (ly sl o 350 oKl (slp 5L
(Yl Jg_w) 039 yuuad 9 uuy blil'.uq'l dlﬁ. 9 b)ﬁl)_g pf L8 9
» bl Ghalie g Slule polie SHE) cp 568 (nF ke
ey 4 Slly g 050 (holKiwl 4 by Sllllas adlais
A T R e B R A PR AR
95 Css YedomVoYe Sonp o] 0)gd sl i)l (slwedls
4 4S5 ol L gl Wgd e Mg RCP8.5 3 RCPAS 5 L
9% 25 oyl pialSy Gl o)l bl ) (1:Sle sl
35 dwled Lo yd £/0 9 YIA Cuiyp 4 RCP8.5 s RCP4.5 ol
s 0] 0)93 )5 (o)l B (5 st S psbo 0 (F )
O 9 S Milee Jlo pw slaole 4 bgiye a1l 0)90 4

Sl palhe > SWS] 508 9 (e IS p5b 4
o byye i Shanlie o (ST )k 0ad (995t polie)
2 (J“’)L" pave s ‘_s.?L_.wl?u )J.JL.OA ..\wbu.a ul;ly 9 ))A\f DK.w.u]

oolde i el g )Y «llyy olaolSiw! o (Sruwcous 0)gd
ol 5l 58 5, oY g Lud wodl] olmolKiu) , ¢ Slunli

(Y JS) ol 0sb 3591 Slamlio
VW oy 55 Slalie 5 Slwbe (5L (gindig 4l

bassd Usy b s 'GIS, ver. 10.3.1 l58la 5 il eslimal L ¥+ oY
A3 ey s slmolKin] ¢l T(IDW) alols yogSin

1- Geographical information system
2- Inverse Distance Weighted



V\PY

0018 ol 33 V38 3520, U elBl s il o uliblsn IS slotuasio Jolons

2 S el el oo 2y gl sleoysd (bt e
(Yo0e=Y YD) (510,93 g (Yo A=Y= V) (Su)ls )93 ) jlyis
P D Gl odds Suid slooygd e g Jlslyd inli8l ey
boye VoYY FF 0)93 13 i 4 oboye 5 SiS 093 pols
RCP8.5 5:,lis 4 bgsyo Y+YY-Y+YV 0,95 § RCPAS 45l 4
otal381 Ll (5T 0590 53 o) plisl (gl (S0l ysbo 4y 35,
L aS 39500 (V+0=Vo1F) )93 3 ogad & W Jlusiis Jlyl,8
gl 5 L ytal 58] ) ol olya (St slmoyg oo ytall
win sy gl 4l el (6 5V o 4 505 gl,l> RCPB.5
clisee Sloj ol j0 S jeb & cunl cigliate (oS oK) |
ol 033 &y (ST 0y93 yd 5t o3kl 351 sla Jsiis sl
0392 RCPA5 g lius | iy RCPB.5 gjlias 15 o Slglys a8

A5 sloJS3)

9 o8 (S g 4l slmoygo o wlale ()l bawgio i 05
4 03] oSl 4 3lxie o5 4 RCP8.5 g RCPA.5 o L
VO/A XS5 o &y jlys o) g yio o A/ 5 )Y N o/A ke
PRCPAS g )l coss (510,93 3 aib o yio Lo YOO 4
@] elaolSis] )3 g 5, iali8l )Y g ld by claolSn]
sl 3 a8 (Jls 53 gy e Hlasl (5l Sl 30Y 5 5l
(0 JSKE) 25y 00 ylaml o)L ialS oS! ol ;> RCP8.5
ot ailale 5Ly ggocme Lol SPI asls gl il ca
b odleiwl Jae (63959 lgae du yoylb bl oo ol
cale yidh cdble dw (wlio )0 joShe yadli JSloj (g 5 polds
Cewd R g ol bawg dale jloz g G g dlo 035190
s o] (lym el Cawddy SPI [adli pdlie o)y el
9 3309l 3 ey A b Jlo g g b Jlsias o5 ol ol

a 35 e R b 4? o sl o b
30 Observed Calculated 35 Observed Calculated
- 30
ﬂ - —_Dhn ﬂ n . ﬂ
5 T F & =z = 5 5 3 g B £ T & & & % 5 B
§ 32 22 8 ¢ 3 % % $ €32 2 % 3
= S & E = < s 8
ale = A h ale = A
Month Month
d w . Sl o el
w S g e 70 Observed Calcutated
Observed Calculated
60
I_I - o - w] ﬂ ﬂ
B ¥ & Z s g g ] B E 5 5
= = =z = = 2 B = = = g ] £ 2
= | = E E g z 5 5
< 2 S 5 2 S i 2
olo o z = = o
Month
60
g ki o f . m el s
Observed Caleulated 30 Observed Caleulated
< = - El =8 B H] 5 5 il 5 = z = 5 5 5 5
z g 3 E] E 2 2 g o B 2 g
£ 2 2 2 B E Ot 2 R 2 2
= = z = = 3 g = = = H H
< s E B = 2 g3
ole % z o - als = =
Month Month

9 3Y (B b (d ¢l yndd (C colilgy (D 03LT (B 61mns] 13 Bviow Comio 8598 33 (b (il (Fldliio g (T lawlee (G031 Al -F S5

30¥ (F

Figure 2- The comparison of observed and calculated average precipitation in the validation period at the a) Abadeh, b)
Bavanat, c) Shiraz, d) Fasa, €) Lar and f) Lamerd station
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Figure 3- Zoning precipitation values based on the a) observed data and b) calculated data at Fars province
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Figure 5- Zoning monthly precipitation in the a) base period b) future period under RCP4.5 and c) RCP8.5 scenarios at the
study stations

re L oS slapglis 53 1503 jlie (A JS8) oy o0 il
Oial38l L g 0yl (60l 5 il puuss iS5 090 «hde g (S e
Ome o35y sl izman D5 e ol ] S pdypd ) pgl
B plie (idS il 0)9> (b S SYsk il 4 Jlusuis
2)9 ole VN 5l p5n S glasligy 53 (A j5b b oo 15

sl b ST 5 4l 0)9> ol lacutsl

SDF slasiais gl Al oY sals aals 530 4
0)9> Ly Jool8 Yul8 b (slive 2 JLuSis SDF (slo i
P Ul des gYer A e Fe e DY AV glaciSih
L RCP8.5 3 RCPA.5 (4 )l 93 cmss (ST 9 aul (sl g0
=wn (g6l (g a0 S wuy R awgidol 1 oolazul
slapglis ) Jlsid s coyw ]38l S Lis SDF sls
i SO a4 Colpgyd &S sl SV b slapsls 4 Caws 0lisS

-, |6-month : « Ji3-month ! }
4k [ fo _ A ‘ W N I | i
e LidLid U 1AW YRR TRV
RN EANR B RA L RRIEAN | AJARLY A Za ma ML LA A LN
‘ 11 Ll H ‘ | L it I
L T T I o S B I ST S o
@ @
- +
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015 2020
Year Year
o -12-month
o 4
— —
= RN (U LR B o SO L o B
o
: @
1990 1995 2000 2005 ZU‘W 2015 2020 1990 1995 2000 2005 2010 2015
Year Year

31 g B ut] (6150 sl 8593 3 SPI Sloj (g =1 UG
Figure 6- The SPI time series in the base period at Shiraz station
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Figure 7- The SPI time series in the future period under RCP4.5 scenario at Shiraz station
.. J6:month Il « | 3-month S S R
R (A | W O R AR AN S - b doitbid il ‘ ___________ ;
— A j,l i . i
i B |
: l [ ; I BN | EEEE B ’ ’ I
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
Year Year
N 12-month
Z 5 -

2025 2030 2035

Year

2040 2045 2050

2025 2030 2035

Year

2040 2045 2050

3yt 015! (5159 RCP8.5 g b Cox (518,90 45 SPI sl o) (g v —A JSW
Figure 8- The SPI time series in the future period under RCP8.5 scenario at Shiraz station
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Introduction: Drought is an extreme climate effect and a creeping phenomenon which directly affects the
human life. A drought analysis usually requires characterizing drought severity, duration and frequency (SDF).
These characteristic variables are commonly not independent, so this phenomenon is a complex natural disaster
and climate change makes it likely to become more frequent and immense in many areas across the world.
Therefore, in drought analysis, it is needed to investigate its multivariate nature and spatial variability clearly.
Copula, as a model of multivariate distribution, has been used widely in hydrological studies. As the
standardized precipitation index (SPI) is more accessible than other indices, it is the most commonly used
indicators for analyzing the SDF of meteorological drought. Here, the study has two major focuses: 1) Fitting
drought characteristics from SPI to appropriate copulas, then using fitted copulas to estimate conditional drought
severity distribution and joint return periods for both historical and future time periods in Fars province. 2)
Inquiring the effects of climate change on the frequency and severity of meteorological drought.

Materials and Methods: Among the weather stations of Fars province, six synoptic stations were selected,
which had longer historical data than others. The data used included 24-hour precipitation during 15 (2004-2018)
to 33 (1986-2018) years. Three steps were carried out. Stage one: downscaling of outputs of the large scaling
(CanESM2) based on two intermediate (RCP4.5) and pessimistic (RCP8.5) scenarios using SDSM, ver. 4.2.9
during the period of 2020 to 2050. Stage two: calculation of SPI and drought characteristics in the base and
future periods (2050-2020). Stage three: extracting SDF curves for the base and future periods under RCP4.5 and
RCP8.5 scenarios using copula. The SPI was used to extract the drought duration and drought severity in the
Fars province using GCM models under two selected scenarios (RCP4.5 and RCP8.5) from the IPCC Fifth
Assessment Report (AR5) scenarios. The gamble copula function was used to construct the joint distribution
function for evaluating the drought return periods in the study area. Because short-term drought prediction is
more practical than long-term prediction, we used the 1-month SPI for the copulas-based analysis. Drought
severity and duration were calculated based on computed SPI values by using the past available data. Drought
duration is defined as successive months with SPI value less than -1 and drought severity as the accumulative
SPI value during the period with successive SPI value less than -1. The normal and log-normal functions were
selected as the candidate distribution function for drought duration and drought severity.

Results and Discussion: The results showed that the frequency of drought occurrence in the Fars province
will increase during the period of 2020-2050 under the both two scenarios. In the RCP8.5 scenario, the duration
of the drought will also increase. The increase and decrease of monthly rainfall in RCP 4.5 and RCP 8.5 were 2.8
and 6.5%, respectively. The duration of the drought were obtained to be 5.25, 5.5 and 6 days at Shiraz station,
with a 2 and 5 years return period, in the baseline and future periods under RCP4.5 and RCP8.5 scenarios,
respectively. These values were estimated to be 4, 3.5 and 5 days at Bavanat Station. It is expected that the
precipitation will decrease at Shiraz station under the two scenarios. Similarly, this amount is expected to
increase and decrease at Bavanet station in the RCP4.5 and RCP8.5 scenarios, respectively.

Conclusion: Changing droughts based on climate change is important in many aspects. In this study, the
performance of two-variable statistical distribution of severity and duration of drought was investigated based on
the copula function. The comparison of the drought period calculated using the SPI showed that due to the
climate change, the frequency of drought periods is expected to increase in the base and future periods. The
results showed that the value of the precipitation changes in the RCP8.5 scenario is higher than the RCP4.5
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scenario. Generally, the performance criteria showed that the SDSM had a good performance for the past and the
future periods in Fars province for precipitation data. It is expected that with consideration of the amendments in
the sixth report of the IPCC, more precision can be obtained in precipitation modeling. Therefore, reviewing the
output of the SDF curves with the availability of the results of this report is suggested.

Keywords: Drought period, SDSM, Severity—duration—frequency curve, Standardized Precipitation Index
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Table 1- Statistical characteristics of meteorological variables and potential evaporation of Tabriz synoptic station
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Table 2- Statistical results of best subset of meteorological variables selected in GLM and GAM model
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-51 0.97 0.794 -84 0.976 0.69

Temperature, Pressure, Sun, Wind ,Humid
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Temperature, Pressure, Sun, Wind
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Temperature, Pressure, Wind, Humid

(s ‘.)Lg [ ‘@L.B] Olels dod

Temperature Sun, Wind, Humid

-62 0.972 0.76 -86 0.976 0.71
-39 0.966 0.843 -54 097 0.8
-37 0.966 0.843 -56 0.97 0.78

-30 0.965 0.868 -65 0.97 0.76




AR oo ,3T ) oylad FF als (S g ol 4,5 VYA

w5 Jlio 45 (SEUGIgh (b ko (59,52 GAM Juo g1yl 5 Juols gl =V Jgua
Table 3- Performance results for GAM model with meteorological variables vs evaporation
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Mean Degree Freedom

Parameter of ModelDegree Freedom
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Wind
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0.012

-0.0055
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Figure 1-Hybrid response evaporation vs meteorology variable. Temperature (A), Pressure (B), Wind (C), Sun (D)
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Figure 2- Single response evaporation vs meteorology variable. Temperature (A), Pressure (B), Wind (C), Sun (D)
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Table 4- Zero correlation and partial correlation of meteorological variables with evaporation
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Variable Zero Correlation  Partial Correlation-4  Partial Correlation Controlling for Temperature
s |
ol sl 0.95 0.484 -
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5 =3 e 0.7 0.347 0.54
Wind-Evaporation
s - ] el 0.88 0.32 0.24
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Figure 3- Gradian and response Knots plot evaporation response vs meteorology variable, Temperature (A), Pressure (B),
Wind (C), Sun (D)
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Introduction: Potential evaporation is the result of the combined effects of several meteorological elements,
including air temperature, relative humidity (or vapor pressure for saturation), wind speed, sunshine hours and
air pressure. The amount of potential evaporation depends on how these variables interact in each climate region.
Potential evaporation response of each of these variables depends on the importance that variable plays in the
environment. For example, in windy places, the importance of wind speeds in the potential evaporation rate
increases relative to places with calm air. By changing each of these meteorological elements, while the rest of
the elements react to the given change, the overall effect of these changes and reactions is reflected in the
amount of potential evaporation. It is therefore obvious that the potential evaporation response to meteorological
variables due to spatial and time variations of these variables is of a complex nature.

Materials and Methods: For this study, monthly data of air temperature, air pressure at sea level, wind
speed, relative humidity and sunshine hours were used as independent variables and monthly data of evaporation
pan at Tabriz Synoptic Station as response or dependent variable. In this study, firstly, the nonlinear and linear
relationship between meteorological elements and potential evaporation were identified through Generalized
Additive Model (GAM), MARSplines Model, and Generalized Linear Model (GLM), respectively. In the next
step, by applying the simplex algorithm on the MARSplines model, the evaporation response gradient levels
were determined individually for the meteorological variables. Also, to understand the process of pure
evaporation response to each of these variables under different climatic conditions, first three weather conditions
based on Tabriz Synoptic Station data were defined in three scenarios as S-1, S-2 and S-3. Then, by controlling
and maintaining the meteorological variables under these three scenarios and combining the simplex algorithm
with the MARSplines Model, the net evaporation reaction curves for the meteorological variables changes were
evaluated.

Results and Discussion: The computational results show that in all combinations, the computational error of
the GAM model is less than the GLM model. Also considering the significant variables in each model, the
combination of temperature, pressure, wind speed and sunshine are considered as the best subset of the effective
variables in the distribution of potential evaporation in both models. On the one hand, relative humidity in these
two linear and nonlinear models, in combination with other variables, does not show a significant relationship
with potential evaporation. The results of the graphs of Splin smoothing components of the GAM model show
that the overall effect of temperature on the evaporation is incremental. But the unit amount of this effect
increases with increasing temperature. The individual evaporation reaction against air temperature is similar to
its combined reaction. It is thus clear that other meteorological variables do not play a significant role in the
influence of air temperature on the evaporation gradient. The overall and hybrid effect of air pressure variations
on the amount of evaporation is singular and decreasing. Instead, the individual effect of this variable on
evaporation is very intense, decreasing, and partly linear. Therefore, the major influence of air pressure on
evaporation in the environment is due to the performance of other variables that interfere with the relationship
between these two variables. The evaporation hybrid response to wind velocity was also incremental, although
the single and nonlinear evaporation response to wind velocity was not significant, but its tendency was to
increase its slope with respect to wind velocity changes. Sunny hours also have a net effect on the amount of
evaporation. However, the slope of the solitary effect of this variable, like wind speed, is more than its combined
effect. Based on the GLM model results, except for relative humidity, the other variables have a significant
linear effect on the potential evaporation. Evaporation response to changes in meteorological variables under S-
1, S-2 and S-3 scenarios, while accurately determining the interaction of these variables in plotting absolute
evaporation, implicitly implying the synergistic role of these variables in determining absolute evaporation. The
lowest distance between the absolute values of evaporation under these three scenarios is related to air
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(*- Corresponding Author Email: mirhashemi.h@lu.ac.ir)
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temperature, which implies less influence of air temperature than the other variables. That is, the effect of each
of the meteorological variables on the amount of evaporation depends to a large extent on the relationship of this
variable to other meteorological variables, if such a matter is less weighted for temperature.

Conclusion: The results of this study show that, except for air pressure, which has an increment-reducing
effect on evaporation, other variables have only an incremental influence on evaporation and the intensity of this
relationship has changed. This process has resulted in a nonlinear component in the relation of independent
variables to evaporation. Since hybrid spline smoothing graphs determine evapotranspiration response to each of
the predictor variables by eliminating the effect of other variables, therefore, consideration of the composition of
these meteorological variables provides more accurate information on evaporation behavior against
environmental changes. Through individually fitting evaporation against these meteorological elements, one
cannot find how evaporation works against environmental changes. Comparing individual and combined
evaporation responses to meteorological variables, while identifying the net effect of each of these variables,
explains why evaporation responses within a given unit differ from changing meteorological variables over
different times and locations.

Keywords: Evaporation, Hybrid model, Nonlinear, Scenario simplex algorithm, Smoothing component
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Figure 1- Trends of Tropopause pressure level over the atmosphere of Iran in the winter months during the period 1979 to

2018
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Figure 2- Temperature trends of upper and lower levels of the tropopause and temperature difference of the two levels over
the atmosphere of Iran on the winter months during the period 1979 to 2018
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Figure 3- Trends of variance, skewness, and kurtosis of Tropopause pressure levels on the atmosphere of Iran on the winter
months during the period 1979 to 2018
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Figure 4- Trends of Tropopause pressure level trend over the atmosphere of Iran in the summer months during the period
1979 to 2018
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Figure 5- Temperature trends of upper and lower levels of the tropopause and temperature difference of the two levels over
the atmosphere of Iran in the summer months during the period 1979 to 2018
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Figure 6- Trend of variance, skewness, and kurtosis Tropopause pressure levels over the atmosphere of Iran in the summer
months during the period 1979 to 2018

YL 555 53 loasd sdaliie yoiS 5l gy sl
e L9, &5 (ble plos )3 dalllas 3550 b 53 )5 Canld)g
Doy Cude Lod Lg) Canl
olo g LaplSe ) &8 ) oo el oad flo 3l9e & 255 L
sbed (il Bl a9y 9 Col (Ll jadyg slod Kg) & ol
S9-d Cmmaldyg LS Sl Sl 4 orie Cunlie 35 e D
Lo (sl 0318 BT la gine slasig) & g990 (nl 4 429 L Lo
Sl oni ssaliine HIo sxe sladigy g Caunsldyg Blubl 515 40 5o
dya0 iyl Slosted o b Se Ja | Cuwldyg jlid 5l
Olyos 45gy Ly cumldyg BLbl Y 93 glod &lyoss gy bl
B plase (a8 ©pgon alale (plie )3 Cunlyyg jli 5l
52 S9) ;2 Cemalyg SLLL Sl 03 oled JSUE W9 o)y 21
5 3blie 3150 Glul s 9y p Jolds 259y a5 0> (L5 3 o]

Srdoga jl lbgisy 3 aglyole 3 haid e Juad )

Ol sl 03,8 425 1) ()3 gime Cunlyg by 15 sled 9uiS
3 s Jul el s 0 bl Jab 5 4 ol b 5
2315 sled Xy, y9uS
Onls Jh sles gy o (ible 1> Ve ol 2 55T 2590
ole 3 39 Jlosine 5 Custe (g jl (oi50 Olgis @) Sl
sl sy gl ol 035 Jbalixe 15 pl (slod W9, &S b
ol azily dol58l Gg) adllas 350 0593 Job 53 peawdys (oY
i3 plaean) comldyg YL s 53 Led s oy
o=l Led asgy oS oy lis addlles 390 039450 53 (g peey
Ny slapiozn > Cmldyy ouly 15 asles g I 5w
Ol ool 3l (ine 8B (s 2 390 slole il g 508
2 Qe Jad & S linls Jad )3 Glmen K9, (5l xe



1144

Syu g 055 Joad )5 ol ! 92 (695 31 Conmn] 59 5L 5135 e Wiy Ol ot Wigy 59159

Jad glmolo 3 aS cowl s o ol canl )b x5 oo
298 Jl (g BB lagise ) o) Juad B il
W9y L Glie) Juad wilor cumdg ol el )l gime (0l 255,
o> Ky sy odel Cawd 4 guls g o aSuiie Cute Cute
sixo 38 005 odmlive Loy bl el j3 5 cunl 3y alie 35
(oAb oanlie Ag) 39y I giae g, &S iblie 1 5 (5 )Ll
Ol Joad )5 il dsy OMS &Sl Jbs jd ol Ll
03)5 425 1) )3 sime )9S 5l il (alaisn ) (Mg s,
ey YL & b (L 58 (S 89y (oyp gl el
2wl 439505 olo s basye liwe Juad 3 Mgy gyl me (gl
29 e 328 gl ola iy ) ead sdalie L) ole
o (iblio Ll i) Jad 103 ole 93 53 09 Cuto 35 Sl
Jad 10 g Cate ol odalie Loy wllods (gl sxe L9y (]l
3 g Gl (g alie (a8 (glp ool Cwd & gl yliwls
o iz 04 odaliio Loy HauiS g 5l Dgdzne g 0uiSTy sla yicy

!

s J13)55 3 (5ol (5 5 im0 3l Lmolo
kool 3 glodies |y alod JSlE Lg) (6)loigne o 5L
ine olod ol g, 4 plbele )3 3,8 st sy s
oialS  xe 4 £o byl Dy hie 0l sdalie Mgy 35 b

ol 02 0L 5blie )3 Cawldyg (sYU g ol 5l slod OS]

odd (yp sloyiall 5l (B > ad plo & S8 len
9 25 0 0dalie dilale (sla 1 Slo 1> «(Lg)) Gt aily lyu»
101 Lol ol stnlitio 5 4l sSle )3 339, W 51 L5y
Sk g Bl el ()5 (1l 45 35 a5 £9590 (nl 4
9] Cwd 40 Cgn ol p3Y g 395 o (5 yle] (sladastin
Pl g0ty slbisu 5 350 (slaodsy g, 5l 38> Sl
395 g (Slawd g VL b el (> 5 &lljg)) SS9 S3>
o a5 oy (pl 89y 3590 53 (oS ©jg0, b

J=B aao)d a5l i e (slaols )3 (3l Xig) (o)
03,55 425 |y (5 )bline gy S gun Juad (nl )3 )9S I (295
Ol A9y y9miS 38 g Briogir Jl alagise ) kb cul

&l

Asakereh H. 2008. Application of linear regression in analysis of Tabriz annual temperature trend. Geographical
Asakereh H. 2012. Analysis of Heavy Precipitation Trends in Zanjan City. Journal of Geograohy and Planning

Azarakhshi M., Farzad M. J., Eslah M., and Sahabih H. 2013. An investigation on trends of annual and seasonal
rainfall and temperature in different. Climatologically Regions of Iran 1-16. (In Persian with English abstract)

Butchart N., Scaife A.A., Bourqui M., De Grandpré J., Hare S.H.E., Kettleborough J., and Shindell D. 2006.
Simulations of anthropogenic change in the strength of the Brewer—Dobson circulation: Climate Dynamics 27(7-
Cai W., Cowan T., and Sullivan A. 2009. Recent unprecedented skewness towards positive Indian Ocean Dipole
Cao X., Liang Y., Zhao L., and Le H. 2013. Mobility of Pb, Cu, and Zn in the phosphorus-amended contaminated
soils under simulated landfill and rainfall conditions. Environmental Science and Pollution Research 20(9): 5913-
and Watkins N.W. 2013. On estimating local long-term climate
trends. Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences
Gettelman A., Hoor P., Pan L.L., Randel W., Hegglin M.l., and Birner T. 2011. The extratropical upper
Highwood E.J., Hoskins B.J., and Berrisford P. 2000. Properties of the Arctic tropopause. Quarterly Journal of the
Holton J.R., Haynes P.H., Mcintyre M.E., Douglass A.R., Rood R.B., and Pfister L. 1995. Stratosphere-

Homeyer C.R., Pan L.L., Dorsi S.W., Avallone L.M., Weinheimer A.J., O'Brien A.S., and Campos T.L. 2014.
Convective transport of water vapor into the lower stratosphere observed during double-tropopause events. Journal

1-
Research Journal 22(4): 3-26. (In Persian with English abstract)
2- Asakereh H. 2011. Fundamentals of statistical climatology. Zanjan University. (In Persian)
3-
16(4): 73-88. (In Persian with English abstract)
4-  Asakereh H. 2017. Fundamentals of Research in Climatology. Zanjan University. (In Persian)
5-
6-
8): 727-741.
7-
occurrences and its impact on Australian rainfall. Geophysical Research Letters 36(11).
8-
5921.
9- Change, IPCC Climate. "The physical science basis." 2007.
10- Chapman S.C., Stainforth D.A.,
371(1991): 20120287.
11-
troposphere and lower stratosphere: Reviews of Geophysics 49(3).
12-
Royal Meteorological Society 126(565): 1515-1532.
13-
troposphere exchange. Reviews of Geophysics 33(4): 403-439.
14-
of Geophysical Research, Atmospheres 119(18).
15-

Karimi M., Tabatabayan A., Shafi H., and Shokrallahi, M. 2005. Investigation of ozone fluctuations with
tropopause changes (Verdeist) over Isfahan, 12th Conference Geophysics, Tehran: Geology organization. (In
Persian)



1YAQ 60— 43T B o)lods FF alr (S g T a5 VYo

27-
28-

29-

33-

34-

35-

Keikhosravi G. 2015. Synoptic analysis-statistical height of the tropopause layer as a profile of climate change in
Khorasan Razavi. Journal of Applied Climatology 2(2): 33-48. (In Persian with English abstract)

Khosravi M., Hamidianpour M., and Kurdi Tamin S. 2016. A Study of Tempo Spatial Variation of Pakistan Low
Pressure. Climatological Research 27: 25-42. (In Persian with English abstract)

Makowski K., Wild M., and Ohmura A. 2008. Diurnal temperature range over Europe between 1950 and
2005. Atmospheric Chemistry and Physics 8(21): 6483-6498.

Masoodian S.A. 2004. temperature trends in iran during the last half century. Geography and Development 2(3):
89-106. (In Persian with English abstract)

Masoodian S.A., Ebrahimi R., and Yarahmadi E. 2015. Time-space Analysis of the Monthly Heating Degree Days
in Iran. Journal of Geography and Regional Development 12(23). (In Persian with English abstract)

Mikkonen S., Laine M., Makeld H. M., Gregow H., Tuomenvirta H., Lahtinen M., and Laaksonen A. 2015. Trends
in the average temperature in Finland, 1847-2013. Stochastic Environmental Research and Risk
Assessment 29(6): 1521-1529.

Mohanakumar K. 2008. Stratosphere troposphere interactions: an introduction: Springer Science & Business
Media.

Mote P.W., Rosenlof K.H., Mcintyre M.E., Carr E.S., Gille J.C., Holton J.R., and Waters JW. 1996. An
atmospheric tape recorder: The imprint of tropical tropopause temperatures on stratospheric water vapor. Journal
of Geophysical Research: Atmospheres 101(D2): 3989-4006.

Oberlander-Hayn S., Gerber E. P., Abalichin J., Akiyoshi H., Kerschbaumer A., Kubin A., and Morgenstern O.
2016. Is the Brewer-Dobson circulation increasing or moving upward?. Geophysical Research Letters 43(4): 1772-
1779.

Randel W.J., and Jensen E.J. 2013. Physical processes in the tropical tropopause layer and their roles in a changing
climate. Nature Geoscience 6(3): 169.

Rebetez M., and Reinhard M. 2008. "Monthly air temperature trends in Switzerland 1901-2000 and 1975-
2004." Theoretical and Applied Climatology 91(1-4): 27-34.

Reichler T., Dameris M., and Sausen R. 2003. Determining the tropopause height from gridded data, Geophysical.
Sabziparvar A.A., Mirgaloybayat R., and Shamami F.G. 2011. Evaluation of the possible changes in diurnal
temperature range (DTR) trend in some arid climates of Iran since last five decades. Iranian Journal of Physics
Research 11(1). (In Persian with English abstract)

Santer B.D., Sausen R., Wigley T.M.L., Boyle J.S., AchutaRao K., Doutriaux C., and Schmidt G. 2003. Behavior
of tropopause height and atmospheric temperature in models, reanalyses, and observations: Decadal
changes. Journal of Geophysical Research: Atmospheres 108(D1): ACL-1.

Sausen R., and Santer B.D. 2003. Use of changes in tropopause height to detect human influences on climate.
Meteorologische Zeitschrift 12(3): 131-136.

Schmidt T., Wickert J., Beyerle G., and Heise S. 2008. Global tropopause height trends estimated from GPS radio
occultation data. Geophysical Research Letters 35(11).

Seidel D.J., and Randel W.J. 2006. Variability and trends in the global tropopause estimated from radiosonde data.
Journal of Geophysical Research: Atmospheres 111(D21).

Seidel D.J., Ross R.J., Angell J.K., and Reid G.C. 2001. Climatological characteristics of the tropical tropopause
as revealed by radiosondes. Journal of Geophysical Research: Atmospheres 106(D8): 7857-7878.

Shapiro M.A. 1980. Turbulent mixing within tropopause folds as a mechanism for the exchange of chemical
constituents between the stratosphere and troposphere: Journal of the Atmospheric Sciences 37(5): 994-1004.
Sharifi M.A., and Khaniani A. 2011. Using GPS Radio Occultation Technique to Study Climate Change,
Geomatics Conference 90. Tehran. National Mapping Organization, https://www.civilica.com/Paper-GEO90-
GEO90_146.html. (In Persian)

Shepherd Theodore G. 2002. "Issues in stratosphere-troposphere coupling." Journal of the Meteorological Society
of Japan 769-792.

Skerlak B., Sprenger M., and Wernli H. 2014. A global climatology of stratosphere-troposphere exchange using
the ERA-Interim data set from 1979 to 2011. Atmospheric Chemistry & Physics 14(2).

Thomas B. 2010. Residual Circulation and Tropopause Structure. Journal of the Atmospheric Sciences 67(8):
2582-2600


https://www.civilica.com/Paper-GEO90-GEO90_146.html
https://www.civilica.com/Paper-GEO90-GEO90_146.html

Journal of Water and Soil (5339UiS @aluo g pole) S g O @ i
Vol. 34, No. 5, Nov.-Dec. 2020, p. 1189-1202 &%f‘”ﬁﬁu NAASIYSY .o ATAR g — 53T .0 o,loud F'F il

Evaluating the Long Term Trend Effects of Wordist Height on Barley in Warm
and Cold Season Across Iran

H. Asakereh!- S.A. Masodian?- M. Darand?- S. Zandkarimi**
Received: 27-04-2020
Accepted: 31-10-2020

Introduction: Studies of the atmosphere over the last hundred years have shown that human activities have
caused changes in the atmosphere. The tropopause is one of the layers of the atmosphere whose changes have
recently been introduced as a sign of a human impact on climate change. The height of the tropopause
is affected by its upper and lower layers (the stratosphere and troposphere). The results of the studies conducted
by various researchers have shown that different factors affect the height of tropopause and its changes, which
can be divided into two groups. The first group of natural factors (such as changes in solar radiation and weather
due to volcanoes, etc.) and the second one is human factors (including changes in greenhouse gases, human-
induced changes affecting the ozone of the stratosphere and the production of air vents from human resources,
etc.). Thus, altitude tropopause is naturally influenced by spatial characteristics (e.g. latitude and altitude), time
(such as the time of year and hours of the day) as well as the frequency of atmospheric actions that determine
climatic conditions.

Materials and Methods: Compared to the studies performed globally, a limited number of studies
concerning the tropopause have been conducted in Iran. Moreover, the applied methods and the length of the
dataset were often inadequate. Therefore, in the present study, the daily data of temperature, and geopotential
height from the European Centre for Medium-Range Weather Forecasts (ECMWF) for 700 to 50 hpa with a
spatial resolution of 0.25 x 0.25 longitude/latitude were applied from 1979 to 2018 for the detection of
tropopause. Accordingly, 2491 cells covered across Iran. The LRT was used to detect tropopause. The
tropopause is defined as ‘‘the lowest level at which the lapse-rate decreases to 2 °C/km or less, provided that the
average lapse-rate between this level and all higher levels within 2 km does not exceed 2 °C /km”. In the present
study, in addition to changing the position, changing the scale (variance) as well as the shape of the frequency
distribution (skewness and elongation) of the tropopause pressure level in each of the pixels on Iran was
investigated. To calculate skewness, and kurtosis, daily tropopause height data were used. For each of the
months studied, diffraction, skewness, and elongation were extracted using daily data and finally using data
during the 40 years. The extracted trends of variance, skewness, and kurtosis were examined for each month. To
track the synchronicity and conformity of changes in altitude and trend of tropopause pressure level with the
trend of changes in mean monthly temperature in the lower and upper levels of the tropopause and the trend of
the temperature difference between the two layers around tropopause was also evaluated over 40 years. In order
to evaluate the long-term trend of each of the studied indices (mean, variance, skewness, and kurtosis) in relation
to the height and pressure level of the tropopause, linear regression method with least-squares error method was
used.

Results and Discussion: The results of the study of altitude trend and tropopause pressure level showed that
in most of the months studied and in most parts of the country, the trend of changes in tropopause pressure level
was not significant at the level of 95% confidence. According to the results obtained for the winter months, it
was found that the trend of a tropopause pressure level in December had no statistical significance over Iran at a
95% confidence level. In January and February, the obtained trend was not statistically significant except for
southeastern areas. In the summer months, unlike the winter months, the trend of tropopause pressure levels was
significant in most regions. During the summer months, in areas where the trend was significant, the trend of
tropopause pressure levels was positive. Examination of the trend of tropopause height in terms of meters
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showed different results with pressure level. During the winter months, the trend was positive in all regions, and
in January and February, this trend was significant in many areas, while the summer months did not exhibit
a significant tropopause. The results of examining the trend of the low temperature of the tropopause in summer
and winter months showed that the observed trend was not statistically significant in December, but in
other months, a positive and significant trend was detected. Examination of the temperature trend in the high
level of tropopause also showed that the temperature trend in this part of the atmosphere, like the low level of
the tropopause in large parts of the country in the studied seasons, lacked statistical significance. Examination of
the trend of the temperature difference between high and low levels also showed that the trend of the temperature
difference between these two levels was statistically insignificant at the majority of cases. The temperature
difference trend of the two levels studied in the summer months was negative and significant at most regions. In
other words, the decrease in the temperature difference between low and high tropopause in these two seasons
and in some areas indicates a strong decrease in tropopause. Examination of the trend of variance, kurtosis and
skewness also showed that the observed trend lacked statistical significance in the two studied chapters at most
areas. There was also no relationship between the surface temperature trend and changes in tropopause height.

Conclusion: The results of this study showed that tropopause had no statistically significant trend in most
areas and months. Moreover, the significant trend was not related to the two temperatures around tropopause and
surface temperatures.

Keywords: Cold season, Iran, Tropopause pressure level, Tropopause, Warm season
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