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To provide a correct and technical model of the construction of a rainfed almond
orchard, this field research was carried out in the agricultural year of 2018-2019 in
North Khorasan province, Bojnord region, Badranlu area, Serivan Tappe village,
and on the land of the farmer and with the participation of the farmer for 4 years.
Almond variety Faranis (Shahrood 12) with Shokofeh variety (for pollination,
which was approved by the Agriculture and Natural Resources Research Center
and has a certificate of health and authenticity, was prepared and cultivated, and
compared with local cultivars (seed-based) of the region as a control. Climate
parameters, including precipitation, temperature, relative humidity, and sunshine
hours of the nearest meteorological station, were obtained and analyzed. To fill the
holes, high-quality topsoil (combined with rotted manure and mycorrhizal fungi in
the amount of about 70 g for each tree) was used. Seedling planting criteria
(disinfection, root and top branch pruning, irrigation at the time of planting, soil
restoration) were included in the work plan according to the instructions of the
Education and Extension Institute. A rainwater harvesting system was established
by observing the reduction of the runoff threshold and increasing the runoff
coefficient, as well as the management of the runoff level. The spacing of the trees
was 6 m by 6 m and in a semi-circle with a radius of 2.5 m, with a density of 267
plants per ha. The semi-circular system was created after the planting operation.
The catch percentage (more than 98%) and the growth status of the trees (20-40
cm per year) indicate the success of the research. Comparing the rainfall
productivity in the region's rainfed wheat fields and existing rainfed almond
orchards (local variety) indicates the existence of local capacities and capabilities
in improving green water productivity for constructing or modifying rainfed
almond orchards by observing the criteria and installing a rainwater harvesting
system, deep root development (up to 100 cm), and evaporation control.
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EXTENDED ABSTRACT

Introduction: For more than 6.5 million ha of land under cultivation of rainfed crops, horticultural crops, and
medicinal plants, along with several million ha of rainfed fallow land, it is essential to adopt intelligent and wise
measures to benefit from and improve green water productivity. Globally, 80% of agricultural land is rainfed, and
60 to 70% of the world's food is produced from rainfed agriculture. About 81,000 ha of rainfed almond orchards,
about 70,000 ha of rainfed grape orchards, more than 47,000 ha of rainfed fig orchards, 43,000 ha of medicinal
plants, and thousands of ha of hazelnuts, olives, rose hips, and various medicinal plants, etc., and in total, more than
355,000 ha of rainfed orchards and medicinal plants in the country are considered as existing and tangible works of
indigenous knowledge. Rainfed orchards constitute 13.1% of all orchards in the country and, with the production of
1.428 million tons of products, they provide only 5.9% of all orchard production. Rainwater harvesting systems refer
to the process of harvesting rainwater and storing it on the ground or underground, in the soil, or in tanks for various
industrial, drinking, livestock, and agricultural uses. The collected water from rainwater harvesting systems in arid
and semi-arid regions around the world increases the amount of water use and productivity in these regions, which
is mainly based on reducing the share of evaporation losses. Climate parameters, including precipitation, temperature,
relative humidity, wind, and sunshine hours, were received from the nearest meteorological station and were under
review and analysis. This research aimed to determine the rainfall productivity in peripheral rainfed wheat fields and
existing rainfed almond orchards (local variety) and to provide a model for constructing or improving rainfed almond
orchards by observing the criteria and installing a rainwater harvesting and evaporation control system that will lead
to improving green water productivity.

Methodology: To provide a correct and technical model of the construction of a rainfed almond orchard, this field
research was carried out in the agricultural year of 2018-2019 in North Khorasan province, Bojnord region,
Badranlu area, Serivan Tappe village, and on the land of the farmer and with the participation of the farmer for
four years. Almond variety was Faranis (Shahrood 12) with Shokofeh variety (for pollination), which was
approved by the Agriculture and Natural Resources Research Center and has a certificate of health and
authenticity. It was prepared and cultivated, and compared with local cultivars (seedlings) of the region as a
control. Climatic parameters, including precipitation, temperature, relative humidity, and sunshine hours of the
nearest meteorological station, were obtained and analyzed. To fill the holes, high-quality topsoil (combined with
rotted manure and mycorrhizal fungi in the amount of about 70 g for each tree) was used. Seedling planting criteria
(disinfection, root and top branch pruning, watering at the time of planting, soil restoration) were included in the
work plan according to the instructions of the Education and Extension Institute. A rainwater harvesting system
was established by observing the reduction of the runoff threshold and increasing the runoff coefficient, as well
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as the management of the runoff level. The spacing of the trees was 6 m by 6 m and in a semi-circle with a radius
of 2.5 m, with a density of 267 plants per ha. The semi-circular system was created after the planting operation.
Results and Discussion: Based on 30 years of Bojnord meteorological station statistics, the probability of annual
rainfall of 284 mm is only 2.3%, the probability of rainfall of 256 mm is 19.4%, the probability of rainfall of 209
mm is 51.6%, and the probability of rainfall of 173 mm is about 75%. Based on the data recording, the percentage
of seedlings (over 98%) and the growth status of trees (20-40 cm per year) indicate the success of the project. Based
on field observations (research findings), one of the main reasons for the decline or insufficient growth of local
almond trees was inappropriate substrate and a lack of deep root development. Collecting, directing, and storing
moisture through a rainwater harvesting system, along with deep almond root development (up to 100 cm during the
research period) due to the creation of a suitable substrate and the use of mycorrhiza fungi, ensured that the water
needs of the trees were met without restriction. In addition, in rainfed conditions, any vegetative growth should be
prevented to maintain a balance between the amount of soil moisture absorption by the roots and the amount of
transpiration by the foliage, because an imbalance between absorption and transpiration will cause damage and even
decline of the trees. Creating a rainfed runoff garden requires the provision of inputs that require different costs for
each case. The most important cost items of constructing a rainfed orchard are digging a hole with a mechanical
excavator, improving the runoff surface and creating a rainwater harvesting system, preparing seedlings, transporting
seedlings, preparing and using rotted manure, preparing mulch (stone, plant, etc.), mycorrhiza fungi, filling the hole
and planting, watering when transporting seedlings to the original location (if needed), and unforeseen costs. One of
the approaches of this research was to introduce rainwater harvesting and green water management systems to experts
and operators in Bojnord and other cities with this potential (Esfarayn, Shirvan, and Farouj). Therefore, in addition
to expert visits to these cities, extension meetings were held with experts and farmers, and appropriate rainwater
harvesting systems for existing rainfed almond orchards and for newly constructed rainfed orchards were explained.
Conclusion: Comparing the rainfall productivity in the region's rainfed wheat fields and existing rainfed almond
orchards (local variety) indicates the existence of local capacities and capabilities in improving green water
productivity for constructing or modifying rainfed almond orchards (Almond variety Faranis (Shahrood 12 with
Shokofeh variety for pollination) by observing the criteria and installing a rainwater harvesting system, deep root
development and evaporation control.

Ethical Considerations

Data availability statement: The datasets are available upon a reasonable request to the corresponding author.
Funding: This research was conducted as a research and part of the results of a research project and was
financially supported by the North Khorasan Agricultural Jihad Organization and the Agricultural Engineering
Research Institute.

Authors’ contribution: Ali Reza Tavakoli and Seyed Reza Fatemi Motlagh, as the authors of the paper, conducted
all parts of the research and wrote the whole manuscript.
Conflicts of interest: The authors of this paper declared no conflict of interest regarding the authorship or

publication of this article.

Acknowledgment: This project was implemented with the support of the Agricultural Jihad Organization of North
Khorasan Province and the Agricultural Engineering Research Institute. Therefore, we would like to thank them, as
well as the North Khorasan Agricultural Extension Coordination Management, the North Khorasan Agricultural and
Natural Resources Research and Education Center, and the Agricultural Jihad Management of Bojnord.


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.5.9
https://jircsa.ir/article-1-595-en.html

[ Downloaded from jircsa.ir on 2026-06-15 ]

[ DOR: 20.1001.1.24235970.1404.13.3.5.9]

o Arsgi 5 15,0080 Laal s 43 Tl Of Sl 3 51 03 ol 4 Sast Fllas Sl I

DY . 5 L3 e IS5 LS

I u.:.o' uo-blﬁ Lv)..\awﬂ ! ‘;,594 LD).:J&

ar.tavakoli@aree0.aC.ir «:)lyl )5 «55,3liS zo9y5 5 Lj9e) aslining (ylojlo ¢ 55)9liS wdito 9 (8 oS dumso (ool i
fatemimotlaghreza@gmail.com . Jles Lol 5 liol (65,0liS dloa lojlus (650l awsige (lidylS ¥

NS> Al Wlaswin
W= ol ol lae o pimgls ool e ol gL @il I (b3 5 uono (o551 @) jglateay :llie £g5
4 gl 005 ) 5 45 Olgr e (SLusgy gl dilaie )5 (b yped (Jlod ool Gl 55 ibo}
) olyom 4 WY 39,88 08y (jlaid g0 (lSe QL I g a3 |2l )l 0500 €85l b o ¥ e
2195 Sl g sl (SLel g Sliios 3800 a0l 5,50 45 El5 plol 4l b ((SLisbles 5 B L) 48485 Al doese U

sla pel A dusliio a0l lgie & aidlate (L)) (e pBI b g ot g as 039 Lol g s
o] (2S5 by (B Slolis 5 (s gy dod ()l Jold (guoyiod JB 5 (ol
VA il (VAT o Jlaz (05k (60be 18,57 5118 il g () 2 3590 9 8Ly (lilon
@liyw g ddy) (i (Soisds) Jbo cdlS Lalgs cusl 039y (crwlie L STy b pte oo
3wl 3 55,958 gy 5 Ghigel Awmsse Jodlygion b Billas (s SB meeyi o)l
Py, gaws Sy s 9 Sllyy o pd Gl 5 llyy il Ll cyle, b alobo agd 0 .08 )5
JUd YAV o515 L jio i 9 93 glad b lopld o5 Sl 53 9 10 £ )3 o £ (15> Juolgh b pladl
ol 2 S gl i sbl adlS e 51 g (M) Sloplies alabe 3 Ll a5
(203 2 938) (2l xS 2op> 28 g0 wdd piiie g Cigles bawgi oS (93) o,
dulle ol pogde cunl 039 (3390 sl (S (Jlo y3 yro il VeoFe) (1S3 035 Capmdg

AL EA YVSTIR QT PR
V¥ e V15550
Vo¥ oo V8 1w dy

V¥ LYY shas L]

3925 5 S k) 3290w ol CBL 5 Sseli w3 P35 )l 13 GBIk s Ol IS sojly
C».;.Lc) b lﬂlbL} o2 uch C)'Lol L &lasd L;I).g o ui (55908 dl&b)l P L;l?u uly 9 Lh&.“d)]o <o ui (519058 ‘Ql)l,. ui JWI
ol 05 558 g (e il Voo B) ady)y (e dawgi jhb O Jlastul ol auss g Lalgs JUEPNER:

g 13 p0p0 balps 1 hb O Jlastl )b 5w bl gk whisl Sllee Slal3ll (V) L jow (ool obold g Lo ple ¢SS5 taliius]
Q=YY (VWY bl oS psbow (clodilols )] dxwgs

DOR: 20.1001.1.24235970.1404.13.3.5.9
Ol bl S e (Sl (ol ozl 1534

S5 L ple 2 g D5 *

Ol @) «55,9W8 g 9 Shisel «lisind lojls (65)9liS g 5 (o1 i duwfe 1 Sl
AYFe AV 1 oald

ar.tavakoli@areeo.ac.ir : Siig &I Cow


https://orcid.org/0000-0002-8021-1742
https://orcid.org/0000-0002-8021-1742
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.5.9
https://orcid.org/0000-0003-2205-2381
https://orcid.org/0009-0001-0001-4408
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.5.9
https://jircsa.ir/article-1-595-en.html

[ Downloaded from jircsair on 2026-06-15 ]

[ DOR: 20.1001.1.24235970.1404.13.3.5.9 ]

(2% e 3L O Jlassiw! G b 51 pe pI0L EU Slasl Glles Clol 31

dodko
w2 ool S yadie din bolpen w1 og)h lalS 5 LU (ol OV gase cuiS v Lol S yade £/0 5 958 sy
[(Falkenmark and Rockstro'm, 2004) 545 o0 355 w2 3 36 olae wiSle (e 8oy Fo=Ve 5 039 md Cygo & (65)5liS
ol 125 Bdas 45 Wit Joiitio (65ygliS 4 liwgdin p3 4o jl Ao y3 Ve 392 (Panwar et al., 2023; Jinger, 2017) xS o Sl
2 ol (585 ke ¥ ez g 48,5 1203 1y (e o | 203 Y5 L5 St (glinn oo 45 0l oo (VYT o ylSm 5 l5%)
g 035 00185 g (ol wliw g (g3laiBl zolaws ¢ ol lyuss & Cous 3blie oyl (Vettera and Rieger, 2019) s> o (sl 45
)LAAB &S ol 05 s ‘)L\,LL u;.uL.w "“‘"‘9996""‘)’@])"5‘> 990)).&,0;9;4@ J)ﬂo& ‘hgw )9 Curo> &y ..\.w) ‘69‘9 »
.(Vettera and Rieger, 2019; Sawalhah et al., 2018) Wb y5!338l Siis gbayeojpw )3 (b @ilio

S 5 ¥Y (oo ool Glel LS jla BV 5 058] qoud 560l EL LS Hlia Ve dgas (o phol clel LS 5 AY 250
25 gl g 2ol g el ) lows colie Kby e g)ld (LS (oo S 5 (3428 LS )5 5 (Fg)> o lalS
U s) b oo Cgae (og LIS (a9 39290 Bl Glyieds 98 w3 (29)h QLS 5 CLEL S Jl5n YOB 1 (58l £gecna
LS o ool 1y (Bl Sladgs S duop> 0/ aid ¢ Jgasto (7 aslee VYA g3 b g jouS lel IS o )0 WW/Y oo lel (VY-
5l YYNY (0o YoV Jlo )3 bl sy jlade o Sl Jb g Jlod olojlo (ggm 3l o puitio cleMbl o 3T Lolusl s (VF+ o pb )
[(Anonymous, 2021) 5> 1) Jsl a5, ;b i YA« sgds aow 13 o ardeo ¥ 25 agi b IS yel odzio WYL sl 004

(b Ol o5 Jia YoX/8 5l g o3 w23 Sygots o] 2o pd VEIV @)y 349 Eb LS lia FY/D les oS Jlods lulyd )
Colue JS 5l 2 Slel colue mauw Hlaie jl ob (6598 Lol b dy s 45 (VF o+ ol o) Wl oo aws a3 bl b 51 o o p3 VY/F
S sposlhe bylyd (bl (£b Gl S 5 md Gl wg wre Jlate 3l 56 g bl clely

bugio S las (1:le g 0392 aBly Glojed 5 29,1 )90 byl laglio gl 3 Bies Jlad lolis il g pbol S
5,8los 1o yd YA 520 3 Slas bawgio a8 Cawl jiSa 10 p,SelS Ar g FAY Ve v e s gy liw s Jloa opl 5 phl 5 Slas f8las 4
nlyinl ) ol ol 5 Sles buwgio sl ol bl 4 cons 3,Slas 2o )3 YT 5 ¥5 XD Y ity 4 ol ,liS )5 p,55kS ¥YY
FAY o2 phal 3 Slas bawgio owl pbl o] ;b FY -0 3qan a5 cunl @25 £ SV guamo HliSa Ae o+ dgas clyls Jlod bl o
Ol 3900 Gl ol il Gise Sl a4 pler e by (V4 Jlod Gl s (65,5l Sk lojl) sl U 5 pS5LS
Olel o i jobody g 039 o luo Yoo gas dalate (pl )0 ()l l5se (sl 13 Syguods phol ST gl dmins bl I (S Jledd
i dguty |y Wl Cumdg i o Mo 28 yguo pd AST W)l J5 (IS 4S50 dgmg w0 ploly

Gl byl dlos el dgpaiio il ide dbgs 3bls ;0 0319 & CMidne (pl 9 )0 (£ YL S sl yd 7 cod s
Garcia-) cul (ool wp5us g (ol); Slas 1 80) S > (K pas g b Of gyglaes g Jlamul SB il xS
.(Ruiz, 2010, Rodrigo-Comino, 2018

G059 5 o £589 (Sl Gblio 9 033lnS o slado e 35 5 ptal b S o 05 (Sl EMdms I (S 3l bl 5
Slaclys a5 ol o) gt o jop 03905 | 2515 53 LU 1y b e 31 (6 )luws Lo .l S5 9 Ol (59,40 9 SB il yd g
555 5 Il & a2 Shls S 5 T lie (30 510 e g ke ) o 9 5 o S5 5252 JS LB oS S sS
S9lger g Jlazinl laalols sloul 3l el abis 5l b 05 5 (Mow b2 Yo (sl (olb8) o 11058 0 0,5 (]
ias 395 (sl 1y L 35 s ol g ool e b (S5 SLe) iy S g (a5 Sis) by s 3 ol
ey ol Jlasl slaby, 5l edlitl 08 o (noin; b & s |y Glly, Sl sy i pres Cogi L g 03,5 ol

lice) logi VYoo v p56LS o Cluisl b )iSa )0 0,56l V0 BV evr wlg (15,8 L clozman blio oo puiS celyj o
YO-Ye JSls oS ab aals kS 0 leg adse Yo BVl (2L selyd IS ¢ Jguame il (548 g 9 (Vo) Jlo Cund


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.5.9
https://jircsa.ir/article-1-595-en.html

[ Downloaded from jircsair on 2026-06-15 ]

[ DOR: 20.1001.1.24235970.1404.13.3.5.9 ]

(VE-F OY als ¥ o)les) 3y T Zobaw diLolu YA

sobds w8 ) o3 Sliles B 5 035a5 |y p3ye Cadime ColiS wol s ol o Sliye cloosls) amd oo eSits Ag aigjm |y o] dos
D)0 a5 Cals g Mool cunsg (pl lyeiw] 11 0,5 0 Gygo po; CuSIle (slas (slys Byo o yre g Cawydls

daly> S ((VFe ) Jlo ceod (sluo) flogs Jl3a Av cad Slaanl b g )l (0 plob o, S6kS Voo B¥ee adgi b ool oguas )
Olaly o halS (SBpd 600d pas 4 Bl oaad pl 3 (Sle (slaoald) dg dalgd Sa 1> log yauko Ar LYY alBL
b P olgs es Jlo o5y s o sl a5 5,5 0 )Ll o cosammmmrsST Lol 1 39u00 9 (15,b (6 S

Sy (B Cuduno 5 ..\Ai).) Sl wode 98 (6058w 1 )l pe e S lie Lo oobaidl sla LSS ials 5 clain! slal
Sl sty | g pSole 5 g ddlaio 3 W5 9 )1 03055 (33,5 JUid a9 baliwg) 4d55 g ©ales ) 655k 9 Sl
el ghloyesee €S)lte b (alaofon owz sl (arme Conj g (Slal Sacygps dlex | iej; o gl

P8l i 020 Cyaods )55l (LS By oS cuiS wiil (il e Jee Fer B e J8las il eVl &7 dble
Gan et al., 2013, Nyakudya et ) 3,135 oyl s o 3blio 0 Jpamo Mg p oS ol oI Lol e Uiyl &5 1 cul
Sy 5 o2 pbl a8 o) canlizal Sloj - Sl (iSTp 5 gn Y5 JS colsS pae Jusa .(al., 2014, Zhou et al., 2015
L (VYRY 5 WA« IS5) pdy g0 olel e Y-F cl)j Juad Jobo o JBlao s S 4y 5 casl o085 (Vb oy
(et hdses ) ly S Y3 5! b gl&]s) Olf’. 456':’)9.9)3 83l ol 5l 6594 ;.j el Mo 4 g5
sl gt (g e 3 I 55 > bl 53 pholy 3 Shas (5351 (el o le 45 31 s (MVA)

O35 3 b SB 3 cipmeipi b cmes 59y 2 o 033D 5 b f gl ger Sl @ (b O (pglaes 5 Jlainl sladilols
loogd (gl asgarme L Ol ()glaen § Jlasiol claailols 295 0 GHI (65)5LES 5 plo wo b ¢ sixio iliseo b)lao (4],
3 ol osd (spglaer Ol sl e sl ) oslisl (sl 4 (o SUly, g o)L ) esliel g (syglaen sl 4Bl dnug
oliel sble ol jol, ol 690080 9 Byas e (e pwlpw 0 Siid dod 9 i 3ble o oL o d)ﬁié‘? 5 Jlasuwl

4 gy a5 Wlodd walald (glieS 4 elis)l e bolas slutel )0 el 0 dbul el b (IMa w0 plis &jaoas a5 plaailols
09 g b g o il Sl Vgano oty (oo oliSeon 5 (JS5) 035 on 5 |y oy ol slatity L g o391 cand
slasl 93 3 o iyl g yio Bl B0 B Y o ladidy gl g 039 o ALYy dtdy po o dlold g o i plSoiunl « Kiw
(Oweis et al., 2012) 395 o0 o5 M

b pbsl (mono (k) colin (slacuns 5 cusbio slaglSe )3 (sl ol of Goglaes 5 Jlazetal sbaaibabo elisl Ll
il ol (b o (oyglaes 5 Jlastinl slaoges (Panwar et al., 2023) il 4zl bie b Jaotecun ool »
(Maher et al., 2021) 1S o W) piwwsST sl yicn plo p cute @l dbol 5 3 Slas il «wlblbre s 4y )
Oweis et al., ) cul 48,5 o )3 odlitwl 3y90 o caliste bla 1> pb¥lesss 5l a8 cunl by, b Ol (6y9laes 9 Jlascnl
Sladilobo ¢ b lgsol 455 Oblgy g Jaw o pde sladilobs «oligs daylossy o Jlos (sla bl slaglano] wld el (2001
ol 23 bl Capte o 5 o 23l rolas | aladigel Sllagul (sl o8l o ol Of glaen § Jlaseil So s
Sl 5 @il g,k 5l b 5l Sl g diagg oolatwl )d (l)la 0 00 yles dasts g il Wl ¢ Baind pl Ban g o e
Gl 0385 )L I Jlassl glaaibols cov g pbl &b

B (09 9 dlga

axdllo 390 ddlaio

Mo ol ol 3 V- 5 JLo 51 (ol cslee 3o ima ol e plol £l lis) | 8 5 qumo (550 il ysliioe
oo oV JS8) 48 1l Jlo ¥ e 4y oo s 8 )Lie b g oo jee (0 53 9 45 Olw pw Sy 9By ailaie 900 Gl s
23 O (aldl i Jsbo Cumbge 53 352 cgbilsy cag Glos o slisg) (65 (sl B GBI ooy 40)50) (gl s (imgs ol 2!
Owoj ol Zly i AYY (ol pd o 3l gl g (Jlowd 4l YV 5 adBo ¥F g an 0 YV Sl (oye 5 (B0d 4db YO g addd Vg
&S (e oD WA 5 By Jlad doyd MY) adld s S 93 50 &S (mape yio ATVY) HLSa Y dgds Corlue 4y o lsas]
ol oad 03l L Y S o o] IS cles


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.5.9
https://jircsa.ir/article-1-595-en.html

[ Downloaded from jircsair on 2026-06-15 ]

[ DOR: 20.1001.1.24235970.1404.13.3.5.9 ]

va, e )b O Jlassia! )b 51 a2 plsl b Slast Slles sl 1

\
==

0595 &1yl Jome adidi -y UG
Figure 1- Map of the research location

Gaod g,

Ol (SLel g CladoS S 5o a0l )90 o5 (&5 plol by b 93 y2) 503,563 ol yen 4y 0id 2ol 03 3lainj90 (e CLel I
Byl gl Ol Y 0 duglie aali olsicdy aibate ((yk) e pByl L g cutS 5 4 gy cdlol 5 cuadlu alsS gyl
AV (3 )Sas Jruilty 3529 blio 5 o 58 3,Shos g &5 5 pp2yed slophly bS] w)lar (slojoo 42 (65h) oo o) Sl
(ol = =¥+ Bos) oo S 5l S yo (slaiged 2980 Dguine Cujo o md baalpd )3 08 £9i5 bl Lulul 9 039 o B 5>
0 Slmg) s &5 lais] 5 sl S p3Y a5 o8l o o g () Jaia) 1 il 5 a0 Ol 5 S olKialefl )5 5 aws
rudgios Yl 5) 035 el 45 s SB Lo il 8 a5 o oo SB Lo 11 ey (odaw 5 ely; S
Codgde gk 4c 3o SB 0lBiislel 13 S diges Juloo b sallas b odliul b o Jlastisl ailels )3 ausy sbol (gl (acsly
ol 0391 Cuwlio Gos (gl)ld a0 S dgnge dalad o (SOIKe Jo b (g)les b gillae .l 0395 (590

S diged (905l 4l =Y Jgor
Table 1- Soil sample test results

Critical limit 0 a Results Sk 905l 4 Unit sl Parameter L,

- 36 % o) Clay .,

- 40 % o) Sand .5

- 24 % doyd Silt el

- CL - Texture sl
<75 7.23 - PH S a0l
<2 0.642 ds/M jze pr uiesjwd EC )90
<16 18.75 % dop TNV Sk Sal o5
>1 0.78 % S0y OC Jislse
>1 0.156 % Juoy> N S o595

SB35l Sb gl ) 5l a9 b dbul (Sl Ju b o VX e VX e Y o8 dlal 4 gladlls ¢y ans sy
P yef el sy Jolgd ub ai)S Ha dadidy dusd lp cpps SB b odlitwl dls duzme 13,5 5 gl (daw £y


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.3.5.9
https://jircsa.ir/article-1-595-en.html

[ Downloaded from jircsair on 2026-06-15 ]

[ DOR: 20.1001.1.24235970.1404.13.3.5.9 ]

WFF Y A & o)less) (oL puSl Waslolw A
( sled) Ok 5l Zok 6

<blg, aw 03y jaild Cuowd Lol (asube o dbgrpe dlobw g €830 (605 )8 oo .l ol 03l LS ()m Y/a) 0 150w
Wy oo (B o) ci 3 (gl 4 g Colan bl &S sl (A) 30 2 (gl

~

\Z

A\

—

0130085 098 42 ()b O (59l en dilobw 51 (S lons=Y U
Figure 2— Schematic diagram of a semicircular rainwater harvesting system
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Figure 3- Annual precipitation during the years 1371-1401 and comparison of each with the long-term average
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Figure 4- Monthly precipitation distribution in Bojnord
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QA AL Al o gk gl P R o oo gb . B 41.8
s SEEEEEIISISTEES 3,
Y 0 :.\
i 40
- -5
4 L.
-~ -10 o
¥ j 38
3 15 )
\\2? W37
" 20 = AT S e I L
B 25 \"”\\ 5 \“;\% \”’g\(\ & ° 0%\\"“3;5 \”éé) \”’oé\ \“3@ \"30’\ \"9&} Oo") \")o’(\ qu
Alisee Olgiw b $llae JBlas slod il pds — Y+ JS5 lises Olgiw b lhae ySTas glod Ol puis -4 S

Figure 10- Changes in absolute minimum temperature over
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Figure 12- Relative humidity changes over different years
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Figure 11- Changes in sunshine hours over different years
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Table 2- Current indicators of rainfed agricultural lands in the research area (wheat fields in two modes of
conventional cultivation and superior crop management)

Farml1 Farm2 Farm3 Farm4 Farm5 Farm6 Farm7 Avg.
V Aza2 kohdasht Local Local Local Aza2 Local -
SR 150 150 200 220 200 200 200 186
CR barley fallow fallow wheat wheat barley wheat -
A 15000 40000 20000 15000 10000 10000 10000 -
P 1500 3200 1800 1500 800 1200 600 -
Y 1000 800 900 750 800 1200 600 864
RWP 0.37 0.29 0.33 0.27 0.29 0.44 0.22 0.32
Gl 130 104 117 97.5 104 156 78 112
Sl 20 20 15 20 15 10 10 16
TGl 150 124 132 99.5 119 166 79 128
ERWP 55350 45756 48708 36716 43911 61254 29151 47232

V= Variety, SR=Seed rate (kg.ha*), CR= Crop rotation, A= Area (ha), P= Production (ton), Y=Yield (kg.ha*), RWP= Rain
water productivity (kg.m3), Gl= Gross income (10°Rials.ha!), SI= Second income (Straw) (10°Rials.ha), TGI= Total gross
income (10°Rials), ERWP= Economical rain water productivity (Rials.ha'), *= The price of 1401
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Table 3- Indicators for existing old and newly constructed rainfed almond orchards
Farml Farm2 Farm3 Farm4 Farm5 Farm6é Farm7 Farm8 Farm9 Farml0  Avg.

\Y Local Local Local Local Local New New New New New
GA 20 10 10 20 8 16 15 21 16 14 16.4
GD 4x4 3x4 4x4 4x4 2x5 5x10 5x10 5x10 5x10 5x10
Y (1) Y 300 Y Y 150 450 400 460 500 500 462
Y (2) ¥ ¥ ¥ Y ¥ 400 450 400 600 450 460
Y (3) ¥ ¥ ¥ Y ¥ 550 500 550 600 550 550
Avg. Y 0 100 0 0 50 466 450 470 566 500 490
RWP 0 - 0 0 - 0.154 0.148 0.155 0.187 0.165 0.162
Gl 0 - 0 0 - 372.8 360 376 452.8 400 380
ERWP 0 0 0 - 123040 118810 124090 149440 132010 129480

V= Variety, GA= Garden age, GA= Garden density, Y (1)= Yield at first yield (kg.ha), Y (2)= Yield at second yield (kg.ha-
D, Y (3)=Yield at third yield (kg.ha*), Avg. Y= Average yield (kg.hat), RWP= Rain water productivity (kg.m=), Gl= Gross
income (10°Rials.hat), ERWP= Economical rain water productivity (Rials.ha't), *= The price of 1401, ¥= No yield
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Figure 13- Costs of constructing a rainfed runoff garden
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Figure 14- Promotional activity for the improvement of rainfed almond orchards and description of the
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