Journal of Water and Soil
Vol. 35, No. 6, Feb.-Mar. 2022, p. 779-790

FGErRT

(6329US @slioo g psle) S 9 O 4y i
YYA-YAe o VFre akdol =yt o 0lod FO Al

6)\.3‘ M&\A&j}@éﬁ jijwduuijj 4....:\3.&

T s Adazme = Gla gy Lo jdazme =T LS LS e
LRV VAL PO

\F"/'A/'?:Jﬁ;\i @)U

2SS

S 5 5 gt b Job e sy 2 oL i 5 s poufilns) S gy a9 (o (Ll sl ol CBE) ilel 2, Slez
o d 85w b (Solad JolS saSol b b bl 2 )lg oS 2ol B 3 g8 Ol )90 5 o B o Slas s I (i
4 baiye (LS 13 p SolS AYF ) 5 Slas (o YL oS 0l L g6 (lad,Slos duglio 60D oy 55,5 ;0 (WA 5 WWAA) ol); JLw 9
i b el casS 3t sdmlidie b Slas o ()l xe BB ()LT (sla oo,y ads )3 9391 Bye (oylol B9, b i (Sl S
@ bgrye Ol Bpae op 3 VL .cil Jiall as s V) g0 OF sg0s 5 5,Shee cui i (gloyhad o )ll 5 woline ¢ 3L (o)lol 4 iw oyl
ol oged puis b g2 (S 53 e yia MWAFY) St S g (1S 13 ol o WWFRL) o e <dS 0 0B85yl g,
20,0 YA 3905 50 O Gyme blio j3 (Jg il inls woyd V) sgas )3 3,Shas a5 )ST s Job (e 50 sLis tiw cutS 5 (cloylad 4 LB ,e
U9y 9 2lid maiane cuiS 4y Bye )bl b, g el iw caiS o becsl Gl ace ) YY dgas )3 Ol 6y 0 45 40 g ialS
S yio yd pySolS /A 4yl pl 13 Ol (6g0 0 9 <8l EalS Ao )d ¥O dgan 50 O lade g o )3 YF dgus 3 3,Sles (gloyhad (o)Ll
290 DBl Mg 5 o lio pl i (gl 4L S e Olyte 4 gl Ll )0 oS

cui .)L’) B.S)J.m [ATY) X o)l.w] PV WY) Sl 4 yoie FLY d»l.w)lf
)").) Bl LFJ G)L.A d)IJuL:L 9 (o)) L.J dlﬁa).o_w é.‘a_w wlblf
OliyglisS” Zélie 13,S5 ol Judo dy 0dd (i 3 puily g e
d)lfuJL» u.\ol)l L/uw.{).i) C.E_u u,w])ﬁl lesl L)"l ol; D usﬂan
(A) 290 Jlos yo 50 LS YO+ 5 4 eS8 AYYY Lo
3 ol ) g BB ke @ Mg (i g
J3) cslS jas (gjlmworlel o 4 (Lol e pd sliis S

9 SioliS Bigel 9 Clisios S pe (£ g (ol)5 Gl yis jbaliwl =Y

O‘ﬁ-l solf)f W&l Ol.o)‘Lu ‘Ol;;.lf L')\.'J..J &5‘“‘]’ b‘t"’
DOI: 10.22067/JSW.2021.69302.1036

OB S @ ony @l woslie bl (e s)lel 155 sWojlg

LY R
s Jddas QLS il )3 g8 S 938l 59, 2
cswbol Mo 5 (S5 eylylo 0500 (6l ‘_’ﬂ e olisS (3Ll
cawlio bivnd el yd ol 1) sl Jlo b ol (65y5LsS oo
wopad CaSlle 5 Bib 51 K S 4 Cons Jgae ()l
OliagliS ety (ol Jelge 150> B)b 5l (e slac] wlia
wlfo l.lbu»)l)f 09‘5‘ - .\.wl.»L;o t.j d)m).: ol.; O”‘ At LY
Ol @l 5l sy 00 5l i AVl olail g Jlascwl
aleMbl IS jobs 4 (A) 3yl b e iS (gly ddlaie o)y
CiS oy e a5 0yl Cllas oyl 5l colSs losnl e 9 Jliwe
oLl &wlw aLsiS amd x> jd )b iuli8l sdgy ol o JUs
2y CiS Casgion g (55luwdgize dis )3 (gj)sluiS sy

9 5918 bjgal 9 Clidos 3 se (wtige 5 (B Clido yisk Sl -
Oyl 5,5 b lojle ¢ lindS liwl b mlie

(Email: Akiani71@Yahoo.com (e Ay — )
Olojlo ¢3S 28 3 Olaiss duwge o wlite g (58 Olidss iy Hbaliwl =Y
u‘ﬁl ‘Caﬁ) b


mailto:Akiani71@Yahoo.com
http://dx.doi.org/10.22067/JSW.2021.69302.1036

VEor il — (g oF 0,lods YO als (S g o 4,55 VAR

Sl e slacy o 5 gle 36 (1) o)Ser 5 Sn
Lol 5313 )18 (o2 3)90 1y @2 (sBymme o g g5 Jlake (g
Latye (1550 13 5ok AFFP) 3,Shae oyt o5 05,5 355
bl Yo 4 bgryo 3 Slas ol (068 5 @ @) cnitS &
it § o> 1Y — O o &y (e 51 odlit ol L) (clo ko
(@le 51 oalil (19) )b ool sloss 4 bgrpe 3, Skas ialS
pyS S +/0Y) o S50 PPVl g Aoy YO JIVF lads o
35t (e 1 o3l ) (sl 5Ll o &t oo (S e
50 MY¥D = VAR g gl S 5l iy 4 y0 VOY — YN\Y oS
Pl (s 2 292 (o 31 odliial L) ()l o)l Jloss ) iy
Ol By gy L acumlio ) g8 (slolad ()l b, 53 00
S b sloylad gylol yogy 50 gy il 0 Slas oS el o2l
2o pd WY gyl el oS 5l i Ao ) AD Dgds i
ol gt Slojl ol lis g JbLts b (By6 ()bl ) a8
oielS Sk @y 2By )l b alio )5 (dlojld o)L
(WY) ol 015 (6395 Ol dojd YA ialS g 00, Slos

olisul el 59y & (gl bl 2 (VA) o Sen g Sl
95 OFar 295 5 ol Cilies polie By e by glojlad (gl |
Ol il b aS 13905 45,155 0l plol dim yguiS )3 (gilgm o3,
930 G A S s Sl used Ao Vel By
YAOY 5l iy g Aty (g35n 0 didy 3 Slas lado Loy Ve
Oeded oy S 50 p,5olS YEAY o VY 4 LS 0 5,50l
Mo LS 53 £ 5ok WV LS (g By—ime jlade Gialdl L
o 3 8dae o ol | i Bymo b (g g G381 5 )Shos
hrman Ol log 4 bgpe Ol 690,00 s D905 by (o5
Fo p pySokS /T ke 4y e S5 ) s Ao Ve
Dy S

P e P9y b dunlde )3 (Silgn ooy CulS ALBS gladns
9 Olol s sladdle 3929 > @ (5)sliS o 3 il B S
San b gy ilse pB)l 5 (M) 0395 @l ol S8 Vb aye
w9 b oS (10) L4 02> dawgs Joaze o8 P b (03l
o3l gl 3 isale Wy > 48,5 O )90 glacd iy 4
Siajly & OleS (s )3 (58T o g CS (glsn i
230 b bl Ol el a5 Sl (ol i ol 5l O 5oy
295 se o2l (oS5 (g)ll Lol o i po 150 9 el oy
pov yo i b dsnliio )3 (glon i 45 005 ol (V)
£ 4 dha ) A5 Sl 505 Ol o DV B Y (I3 S
B+ 03903 i duo)d M B YY 1y Ol (690,40 caisls jL5 S

Hlissl Aoy 0+ B g (Vo) aishy 5L (s,1e8 Slusl (5950 do)d
e LU (VY) cwl ooy ials ]y labdS glails
5,Slas a8 oy L oBye g S esloykad (oylol g, dw cod

Syl )3 70 prelbos CdS () 0950l 93,5 (o (e
Dy o o3l @ M5 e 38 wgbye yie b () &Sis)
45l K3 g ol A8l )h jgo e 50 @ U 1l
Cad o) ol 45 39500 el Comnsd (ynj (313 (13905 SBy2
51 ool b (V) LS il anidly (6508 Ol B pne ws g, 4
Vo Sledbl izmad 5 58V (sl Lo wlislon ledb)
Ml g 455 5 (55 Stygi— ol 93 Slis s
2 2903 39l cetilom ey bl Sl @ 5l 290 O (glailate
o] (sliso 2 Wl EtS )3 @y Al (S o ]
Sl sy 4 Ote (GY5b 9 W AY ol 3 (5 (wlidlsn
bl 5 (plidlon olRial (slive 2 g o den P50 5 Ve VY-
i & 0,5 lp o)l CiS 53 g yia ke PR g VAN AL
G ek 4 g Yoo DD g Fee Ve Plao (LS slaglsj
A5 3590 yie Jue FAe g Voo WV ply 0SS (dlp

Sglite (95LgS (sla)gdS )3 0 peailiune Sl S >
By pgre CulS 3 lagl 29290 ML (sl &S 01 oy
P s S Lol M e Sl lgie 4 .Cowl 0y
5 Omrled es e ALl (3K ol Lol 505 o (slayeiS
@ st B g DB JS Jad 5 Slasl g9y (il zgnelS
s 4 (V) Casl 00d (135 ol 350085 518 35070 il
SIS S5 4 s iwd Sl e 25108 il s IS
5 SN Aujr (58 Vb ctmer il e bl g 208
o s LY dlas (W) (S slajls L] il
Olyieds g malilene CulS £9,5 35 pei 4 delite |y f50L08
N0) leiigo 8555 gl st 2l L s S
Gogled @ S 3 ohg 4 2eS JSdo a2 L (YA 5 Y-
5 S e glite (o)l s I By im0 3 by o
CuiS (V7) g S 0388 il (VY 9 1Y) (3,5 gy
P o i b (5230l jsbate & (V) (slon @ i
(3) 28 ol (215 5)

2 @ glapsl jl ool 3 @ Sh el 2bj)
ol @l sl 485 g0 o)lS g liwjen (S b 9uiS
4 315 L ] 455 &y s Pl g, 1 S I b
BYe Sl ol Gpae glise Ghb & QB 5l )bl piuss i b
Vo pials 4 jxie g9d9e cnl Sy 03,8 g ials o) Y
b dunlio ) g, 5l paliuns S8 () b aiby 5 )Slos (gao)d
g dmi 53 9 3)b (kS laeslyd L @) ciS
Ol g5 i cJgamo (395 S oy 5 Sl 0 asede
S (S5 cwlio ulyd (iomen g0 pafitae Gl 255
S oo wold ]y e B yiaS jliil g gam culS @Y gaze gl
)



VAV kel s sl shgy <o gy (LA g poosiimnn Sl (S Sy dumn o )50 9 LS

Sl Sl oS Gaired 5 y5-iS B )3 @y I g ciS 0
23k & (alS logi) " &S Wlodny y5b opl 4 gy citS
Db 55555 s pl (6l dom ) s WS 03y CBye baly 5
09 Slhbes sl ol (S 2900 (0585 Slles (laaslsy
CtS gl g s CtS anwg’ S5 il ol jl s,
G pae pials il slaig) Cul p3Y Glojen Cusl Mg yo
G b ptmgdy ol Jd et 2,5 )15 LS s o O
g cutS Cilises (sl sbgy ) Ol ($)g0 00 9 2, Mes Sl

ol 3 lal e iy ()]

L g 9 3190
e slajlass 9 Jas

OS5 e Bl (555liiS lisioe oSt gl > aioS oyl
By o] cul A8 12l A% 5 A (ol Jlw 93 (b @ 95
48> OF 5 423 7 (allyaa yoye b oSS Jlorid (g teshsS
ol ods zBly By 4dBd YO ¢ a0 OF oldlss Job o Jlod
a2 W aVlow o)l dr > bawgio g 5o O L)d o I el
ol g sl e Lo ¥ Sl (Su)L b wgte g 01,8 Sl
i 5l g S slooge b g o)l slaig) Jole 9> Gedow
sl ibejl 2yl LB ) Ol (o500 9 3,Slos (] b yuns
Blai o8 slaSsl 4l 25l (olal 3 e 7 3 Akl 4 (6)ly
B obS ol gy oS A 15 s 3590 1S5
ol =) 1ol (ool )56 plgie ) oo ¥ )3 (2 3))
(18) g5 B8 6yl ¥ (1) s By oY (1) b
s > E S gy 28 )5S g (1) o)l (load o)lul -F
S X (C) S 455 e i Y ol e
(st ol P b (Slts S =Y 5 (C2) (S g i
(Ca) )l

s g bl (s eels

o lis)) s b CBje i )ll B9y 3 ool 4ol
slooygd sl sl )kl ) 59 5 e Bl B BY 29 5
el 1S5 5 st Bl 8 B Y 394 5 o lis,| Lais ogboo
5L b el yho gl 4 Tl b pdge S5 jep b sim
3 e i) ol glojlad 5 Sk o)l slotg) 5o Il
oledily 85 i 53 b g talofl e )3 s s it
Jasi ym (639)9 53 1 dyglp o> Ae VOl i 4 o)l

@ (63959 Ol pos [y ol oo HgiiS K g a5
Cowl 0l 03lasw] me))f

2 (LS 5 pSokS F200) (dlojlas (5)ll 29y > g 4y
9 43> Gl (U 3 p)55kS PYVD) () )kl b dmylio
FA-+) Ghle ol Uty 4o bgaye Jp—ae 3)94" (R FeS
2l Gogors iz il 2 e g (JLiSe 3 p SelS
Vo8 g MY OV L il i B g L el o L
(V) ol a4y cxSla 1oy )3 p S5bS

Ol Byae 1l )bl o) 586 2 Dlidos s 4lS
M3 pas ¢ a3l S ygo 4 0 Shos o] Ll oS anily A4S
Aol M pae dgng b s )T L wl oa b )55 ials Ly
lasl o1 5 Yl 5l ooliw 5 Shee JialS o b sy Slas
o gl IS sk Wlodges 45T g ()5 aSis b
P @ Sas 8ol Ll iz i b wey 0d b pll
SO iS5l Gl (g BB jsbds g s palitee ciS
gy 4 dtuy 38es (il Gl (Jl (ol b sl 0351 25
Capde g 039 yuilo lp 9 Ol lauly i SLS g9 e
S (V) 21l 3,8koe 2 1y 586 i O g 5,0 slacile
el odd Job opmej )3 g8 S &S o LS (YVO) o)) Ko
o8 oSlos o, 3 5 VL /Y o a5 Sles iul3al
WS > o AV e

bl o ol5y0lisS de 0 A iy b (YY) oS g gty w
23905 dumlia |y palitune g (JULS CulS s 93 (g iin oy
2 odgy dziy dlaar ioljel o Slae coglay cde a8 uoly Lii g
ciS  pall aelpy e iSib W Sbe g ol S i
frilns CulS il )3 42 & 0l Cund Jg yidio (25 S5
oS glooged Cglis odlef] 13 (VF) hen 5 (50 25 ey
S Caol 03l LS ol L3905 danlie |y 5 powipe g patiuwe
S 38hos g 5l sine S Cilise slashg) 53 B 5 Shos
<ol L (VF) S 392 wafitene CutS 3 Sos | jdey pgu yo
aals 0o YO Slg o (6,8 aSid 4 cdlS i i
&S ) pewd sl aily ol 5 hgy b dmlie Ol By e
Sop sl Jlcl o390 (2924850 15 LS )3 dg) VWe e
e 23S pgwpo i8S b dulie 5 maitene CitS 5 (Sl
Ol oo 035 (Vg Vo) Slasl g9y (ghuoyd 55 B YY ials &
Bl s s o) (o)) bl dgue 4 oxie 29y (al 45
355 e 55 S Sl

Spae g B)b G jl @y CutS @ (f5)5laS Cudy 4 a2y L
o 4 glbos b )y S By el ol ) Ol (YL
Sljygps il wloy boize aly mlie (g)lul o 5 0l5)sliS cudino
Sog i lojed duwnlis a4y basye Glallas aS0) o id ]
Ol il )3 5 Sl o @ S slooged 5 o)ll il
oy r bl ogag HliSa Jlia Ver dgis 0 AVl CuiS v ke



YAY

VEeo sl — cyade oF oo YO als (S g o 4y,

(S243)21 U1 241 NS M) VO SIIGUIAL) BOHEIPISEOD JIpun Sjuaunndly pue ueyd pafoay
6 fwl g shle Ko (i 6 ol

s DY

@ (§ K6l

1314

e E e ok \:J]«J

dunuedsums |

p—

Py
P

= o'

Ipexteai |

el pappexdur)y

Jeeydsums |
pa——A

unplsasms |

—_

aedsues |

grpeduy)

fimpaos

duipoog
1231

e o

s
Pl

Rl n

ppoduy
—

mwydsues |
g

pcdsuma

0
1]

o of D

arpdsuntd |

1

umpelsan |
pm™

— 1 <oy o0

1I(]

IRTR TSN

R AEA )

-
)




YAY

&bl it b by Coond gy SLE g prosiiamne Sl (gla gy dum lo oyl ) Son 9 SLS

olojl 3590 aliliio S o bound 950 348 Sluogaad (S -Y Joo
Tablel- Some physicochemical properties of the soil at experiment site
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o ol Shud ol * o) R
Depth SSesSI (oc) K p Lime & (®H)  sand  silt  Clay S5
5 . . T.N. 7 B . . Texture
(cm) EC (dS/m) % (ppm) (ppm) 4 7. 7. 4
0-30 08 1.33 360 7.8 265 0.1 7.7 20 52 28 Si-C-L
30-60 11 0.82 130 4.96 28.8 0.08 7.7 16 54 30 Si-C-L
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Table 2- Combined variance analysis of the some rice characteristics based on mean squares
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avriation ?iggggr%f Yield Stem and leaf weight ~ Harvestindex ~ Applied water Water productivity
;‘e:r 1 3523640" 15097 ™ 0.007"* 6139043" 0.1522°"
L—'] Hk * Hk Hk Aok
Irr‘isg)a{ion 3 2559551 4851887 0.01390 95188044 0.1952
£ i *
Irrij;:ioﬁiL?Y.ear 3 493567 "™ 2578630 ™ 0.0001"™ 80364 0.0002 "™
El]b 12 224978 1310346 0.001 13626 0.0025
rror
C“"“‘S *k ns ko ok Kk
Cultivation 2 4660782 2666545 0.1219 10903876 0.5157
c I;J,Lw ;b S 2 566925 838104 "™ 0.0003™ 1268939"" 0.00009 "™
ultivation *year
EUb 8 350598 2590755 0.0009 52238 0.0034
rror
CuS” Ll * * ok o oS
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erule a\...;‘..f}l
£ 24 330223 1667469 0.0007 20868 0.003
rror
‘“')‘*ng)“ 9.4 139 6.5 15 8.5

bl o oy A 5 A0 Jlois ! pdaws )3 (6)b x> oyt porhe 4y 4w g% NS
Ns= non significant; * and ** significant at 95% and 99% level, respectively.
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Table 3- Interaction effects of cultivation method and irrigation method on yield and water consumption in rice

Solel ogew 3, 5das I <l &390
Irrigation Yield (Kg/ha) Water consumptién (m3/ha) Water productivity (kg/m3)
methods

C, C, C; C: C, Cs C, C, Cs
Iy 3061 f 4797 ed 7028 b 7068 h 7308 h 9243 e 04le 0.63d 0.74c
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Table 4- Results of economic evaluation and comparison of rice cultivation and irrigation treatments
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Introduction: In Golestan province, despite the lack of water resources, traditional rice cultivation, a crop with
high water consumption, is increasing due to economic justification. This issue has become one of the main
problems of the province's agricultural sector in recent years. In order to prepare the planting bed (puddled
transplanting) in the traditional method of rice production, a significant amount of irrigation water is used before
planting the seedlings in the main land. Moreover, the plant is in the water during the growing season, which
causes high water losses by surface water evaporation and deep penetration. Rice direct seeding cultivation is a
method that has been considered in the world for various reasons, including higher water productivity. Currently,
reports indicate that more than 50% of groundwater resources are extracted and allocated annually for rice
cultivation in the region investigated. In general, field information and observations indicate that the level of paddy
cultivation is increasing in the province. In the past few decades, agricultural policymakers have sought to restrict
and ban rice cultivation in the country, except in Gilan and Mazandaran provinces. The rationale behind this
decision is high water consumption, declining groundwater aquifers and long-term instability of water resources.
The developed strategy did not work effectively, as it did not consider the benefits of the farmers in the short run.
The increasing trend in the area under paddy fields from 1995 to 1500 hectares per year shows the unsuccessfulness
of this up-to-down strategy.

Materials and Methods: A field experiment was conducted to investigate the effect of rice cultivation and
irrigation methods on yield, water consumption and water productivity over two rice cropping seasons (2019—
2020) in northern Iran (Gorgan Agricultural Research Station). Irrigation method as the main factor in four levels
(permanent flooding, intermittent as wet and dry, sprinkler, tape) and cultivation method in three levels (direct
seed in dry bed, non-puddled transplanting and traditional transplanting) in the form of a strip design. The plot
was based on a randomized complete block design with three replications. The applied water, yield and some yield
components and water productivity were measured and calculated during the growing seasons.

Results and Discussion: The results showed that in all irrigation methods, yield was significantly reduced by
changing the traditional seeding transplanting to dry seed. The amount of water applied in sprinkler and drip
irrigation methods from traditional seedlings was significantly reduced as compared to direct seed seeding. Dry
seed cultivation, however, consumed more water than traditional transplanting in the flood irrigation treatments
(wet and dry and permanent). The highest yield (8206 kg/ha) was obtained for traditional seedling cultivation by
flood irrigation, and no significant difference was observed between the yields for the other irrigation methods. In
general, changing the irrigation systems had a greater effect on water consumption than changing the rice
cultivation method. In addition, changing the cultivation method had a greater effect on changing the type of
irrigation systems. In traditional transplanting cultivation, the yield decreased by about 14, 9 and 11%,
respectively, by changing the irrigation systems from permanent flood irrigation to sprinkler, wet and dry, and drip
irrigation. The highest water use was observed for flood irrigation method in direct seeding (12490 m%/ha) and
direct transplanting (11967 m%/ha).

Conclusion: Currently, farmers cultivate rice by transplanting in padded land irrigated by flooding techniques
in Golestan province, which results in high water consumption (about 13,000 m%/ha). By changing the irrigation
method from flood irrigation to drip for traditional transplanting cultivation, water consumption decreased by
about 39% and as a result water productivity increased by about 22%, albeit a 11% reduction in yield occurred.
With the conversion of traditional transplanting seedling by flood irrigation to non-puddled transplanting by drip
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irrigation, the yield decreased by about 24% and the amount of water by about 45%, and water productivity in this
case reached 0.9 kg/m3. This can be considered as the best alternative for conserving both water resources and
production. If only reducing water consumption is the main priority (regardless of yield reduction), the best
treatments are drip irrigation with direct seeding, non-puddled transplanting and then traditional seedling,
respectively. If there is a sprinkler irrigation system in the field, this option is given priority in the direct seeding
and non-puddled transplanting. If changing the irrigation system is not considered, the use of intermittent irrigation
(as a wet and dry) with non-puddled transplanting, traditional methods and direct seeding are preferred,

respectively.
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