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Objective: Driven by the motivation to find innovative and efficient solutions for irrigation
management, this research delves into the precise examination of indirect methods for
measuring soil moisture and advanced techniques in automated and smart irrigation. Its
ultimate goal is to explore current knowledge and evaluate new approaches that can, while
optimizing water consumption and increasing productivity, effectively address the complex
technical challenges in this field. With a focus on practical and sustainable solutions, this
study strives to establish a foundation for the development of smart and environmentally
friendly agriculture.

Method: The study reviews sensors used in smart agriculture (rainfall, temperature, etc.)
and equipment for irrigation, frost monitoring, plant protection, and crop monitoring. It
analyzes their features to optimize farming and reduce resource use, improving efficiency
and sustainability.

Results: Smart technologies can boost agricultural efficiency and productivity, especially
for water management in water-scarce countries like Iran, making smart agriculture
essential. While proven in developed countries, Iran needs specific infrastructure for
success. Intelligent systems improve plant performance, cut water waste, and reduce
pollution. With internet access in rural areas, smart irrigation, using sensors like TDR and
PR2, can automate irrigation via the Internet of Things. Important factors include sensor
accuracy, power, cost, and salinity effects. Two-way wireless networks (WSAN) enable
monitoring and control of irrigation. Future planning should combine soil, water, and
climate monitoring with predictive control, focusing on dynamic processes and the impact
of intelligent monitoring on irrigation efficiency, given the uncertainties in agricultural-
irrigation systems.

Conclusions: With the power to prevent diseases, protect crops from frost, and eliminate
storage losses, these technologies revolutionize the efficiency and performance of
agricultural processes. Ultimately, implementing smart agriculture and using soil moisture
sensors goes beyond just saving water; it's an unparalleled strategy for overcoming climate
challenges and the overwhelming pressures on agricultural systems.
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Introduction

Smart agriculture, the third Green Revolution, uses information technology (like big data, Al,
and IoT) to increase agricultural product quality and quantity while reducing resource
consumption (Chidambaranathan et al., 2018). Climate-Smart Agriculture (CSA) helps farmers
adapt to climate change and ensure food security. These systems enable quick, effective
decision-making through data collection and analysis, using satellites, drones, and sensors to
monitor soil moisture, crop health, and environmental conditions in real-time (De Pinto et al.,
2020). As a result, farmers can optimize water use, reduce costs, and increase efficiency,
contributing to sustainable agricultural practices. Remote monitoring and integrating knowledge
with new technologies boosts productivity and resilience, ultimately supporting the overall
sustainability of the farming industry.

Methodology

This research takes a comprehensive approach, conducting an in-depth review of commonly
used sensors in smart agriculture and optimal irrigation management. This review covers a wide
range of sensors (rainfall, temperature, leaf, light, wind, air pressure, soil temperature, soil
moisture, water, snow, and plant sensors), as well as strategic equipment (irrigation management
tools, frost monitoring systems, plant protection equipment, growth and nutrition equipment,
agricultural machinery performance tracking, and crop monitoring devices). This study not only
analyzes the features and capabilities of this equipment in detail but also explains their roles in
optimizing agricultural processes and reducing resource consumption using a scientific and
precise method. The aim of this approach is to provide a deeper understanding of how to improve
efficiency and sustainability in modern agricultural systems, as well as to offer practical solutions
for enhancing agricultural performance through the use of advanced technologies.

Results and discussion

In this context, leveraging modern tools and smart technologies plays a crucial role in
enhancing the efficiency and productivity of agricultural processes. Optimal water resource
management, particularly in countries like Iran facing decreased rainfall, is a primary goal of
smart agriculture. Implementing smart technologies can lead to more effective water resource
utilization, making smart agriculture an unavoidable necessity in the agricultural production
sector. Although the benefits of this technology have been proven in developed countries, its
success in Iran requires specific considerations and the establishment of appropriate
infrastructure. Research indicates that using intelligent systems can improve plant performance,
reduce water losses, and minimize environmental pollution from agricultural activities. Today,
access to the internet and smartphones is possible in most rural areas, providing opportunities
for young people to widely utilize available facilities. Employing smart irrigation methods is
recognized as an effective solution for managing crises and conserving water resources.
Capacitive and impedance sensors, as well as sensors like TDR, FDR, and PR2, are used to
facilitate automated irrigation within the Internet of Things framework. For implementing
automated irrigation systems, the PR2 sensor, along with software like Datalink Logger, 1s used,
enabling the recording of soil moisture at different depths and determining the volume of water
and timing for switching irrigation on and off. When using these sensors, factors such as
installation accuracy, scaling, calibration issues, power supply, costs, and salinity effects on soil
moisture must be considered. A two-way wireless sensor network (WSAN) offers the
opportunity to monitor sensor performance and activate electric valves for initiating irrigation
based on real-time feedback and performance data. In summary, the combination of soil, water,
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and climate-based monitoring methods, along with a discrete predictive control approach, should
be considered in planning. Given that agricultural irrigation systems face uncertainties, future
studies should focus on developing dynamic process approaches for irrigation systems and the
impact of intelligent monitoring and control methods on irrigation efficiency.

Conclusions

This research demonstrates that implementing smart technologies and advanced sensors
optimizes irrigation management and enhances agricultural productivity. Given current
challenges like climate change and reduced rainfall, smart agriculture is an undeniable necessity.
Diverse sensors (such as PR2, TDR, and FDR) enable automated irrigation and optimal water
resource management. Internet and mobile technology access in rural areas offers new
opportunities for youth. Ultimately, addressing Iran's specific cultural and infrastructural
requirements is crucial for the success of these technologies. By adopting data-driven approaches
and real-time monitoring, improvements in plant performance and reductions in environmental
pollution can be achieved. Smart agriculture adapts to climate change and varying climates by
using smart monitoring for risk management, selecting resilient crop varieties with plant sensors,
and employing supplemental irrigation guided by soil moisture sensors in dry regions. It also
uses specific tools like FDR/TDR sensors for precise irrigation in arid climates,
temperature/humidity sensors for disease prediction in temperate zones, and drainage sensors
against waterlogging in humid climates. This approach optimizes resources and builds resilience.

Author Contributions
All authors contributed equally to the conceptualization of the article and writing of the
original and subsequent drafts.

Data Availability Statement
Data and links available on request from the authors.

Conflict of Interest
The authors declared no conflict of interest.



=1 829 oy 15 Gy S (G33L8
,\'\_/,/ YYAT-Fasf 1 Koy S Ll https:/fatwe.razi.ac.ir 4 25 & d};,,LZ';,

o Ol gk pas 30 Q3lio 9 T o P 35359l 43 Koo S5 5 gd 9SS

£ e Y BAY o o oaal N uslE ..
d‘&sw,gcb’).&}olc M)S}M“ QQ)’J&‘)W
zahedpoor.hossein@gmail.com :asbll, .l ! a4ty ¢ ¢5)5UiS gugy g ojel Slais (lojlu «)9uiS w20 (659liS skt duawge .)

af kh67@gmail.com :asbb), .oyl S «(659UiS gugys 5 (oj90] Cliaint ylojls o659l wditee 5 (6 CliioS dunwogo ¢ Jghums ok g .Y
omid.raja@ut.ac.ir :asbll, .ol pl @S 5559l gy 9 ojsel Claing lojlu «5ygliS owdige g (38 Olirio0 duuwge ¥
el. kanani92@gmail.com :asbL], .1yl g3 o)) (dwed plol (Madl o oKty ¢ abs molio g (65)5liS 0aSiiils ¥

odwS> o ol

Soig) (e (s 4 ekl Cope dope 3 LS g (g o)l (8L 03Il gl cul 18R e g9
(2l Bam 3l oo dadon )kl g o)l srlogl Byt (98 5 S Cagh (5503l bl (g Alie

) g 0T G ymme (gjluwdiugg yomds Wilgts oS Cnl (5550 g Wlygly sl2)Sagy bl g 59y LI ) LbglS
sladooly 8Ly 39505 b calllas cpl 0Bl 0j> ol )3 oz (B slagilly 4 dinld (Sl (sygore

g1 a3 o oo b 55l g diadgn (550L8 dnusgi sl ) s U A28 oo ol g Jos VTINVIVESL 0,0
VEFLNIYE 16,5050 & U
9 (068 5 Lod ((S)) oo (£5)5LtS 3 odlaialdygo gl Ss (s 4 dilllns ol IBROT 99)  VELR/ A 15y U
el gl o Shy 9 o nie SYs—ame (il 5 ol 5l cblis (Soloy Ol el St LV Lt g,

S (o0 Sl 125 50k 5 (LIS s 9 @lie Bpan (RIS «(6j)5liS (il

P ol Copte ;> oy a4 aimd Gilidl ) (650l iS (m3jl g ()90 00 Wl oo Mo Bgn (sl s )olis (ALY

sl )siS 3 el D)5 a8 Jlo 3 35l o (69 1) dhaign (55,5LutS &S el ale IS (sl giS
|) °L.5 .))Slo& .\..Myb dl.tbw Lol uo[> dlmwl..»,:) M)L.J ul):l PR pﬂé}a ol 045 pub c\d‘.ﬂ:\x‘)y

53 Syl 4 03 S oy b il o JBlis a1y S5gll 5 dimd e ialS |y O B ciiiso o dauo

o jlgans

0>y die (¢ pSpra—ad
el b )5

Syl oy 51y sy wlgs o PR2 9 TDR wiile ol ) S 5 ooliiwl b diadgn ()bl ¢ oliwg, ble ‘u’j ) f’iﬁ
g S (S el (5900 ) g 43 5 gate o Snss €83 Jalis pie llan Mo 1S IS 365 L] 1O 609
Loy Tomged o815 ks duls 0nnl (g yabipg S oo wnld |y colal JptiS 5 Ltaly Sl (WSAN) i logs 29 ol el

slacuabas pae ae gl )] DS 2 diabon Sl b g Loy slaanl by 5 A8 plesl 0aiS sty S
S 38 505 15509188 6yl (Slapiummms )3 S99

Slals oy o Jl 5 (S35l plp 3 SV game Sl cliblone do g )logs | £S5l (Ul 25 g 420
Silwodly «ales 3 S oo bl (65,98 ozl 3 Slas g (L 53 (2B baisygld ) cslao S
2 e gl el o oo peml ol > gy ] 515 SB Cagb) (sl S Sl odlil g i don (5 5liS
am3 g0 )] (65,5l (glaptums 2 Lol (slojlis o olsmgc] (sla il

csoall Clyuis pae (> wlie 9 Of o e 165y9liS ) Kadgn (slacsdeiSS (VFF) ag)l ( SS gl dy < gl iy (s AIK Hgal; U]
Yy (¥) o« ‘,4/";)} opr g0 ity slo (g)olis
https//doi.org/ 10.22126/atwe.2025.11765.1155

BY NC Qlf-\-lw-,{y' © .‘5;'1) o Kiisly :).\Zil}



mailto:omid.raja@ut.ac.ir

VPoF ¥ 0)lois B 0,90 el (59 00 40 At iy (510 (59 L5 AR

dodio

s3baidl g )l dnwgs oluol 9 WS oo Ll (gl dnsla (635 JSS 13 (6)9e i (0o Cans i sy () eltS
Sy ol iy aliso Jolge 4 o] )3 o] JolSS g ol anlge oudie @lpss b canis ol amd o ST ) xolg>
lotmgsy ol 3558 36 Cuxlio ol 2 W5 o0 o Aitan g alo 5100l (1581 5 Coman 1) (lsml]
00us e 0,5 (SB e jl pylen S o 55 A omie Slsl slacdlad O g5,5LiS 5 e Sl plejlie bwgs sald plo]
S el mre o515 S S oM 15 )y 13l olie ol p iida e co,50 ol (VoY) FgV o) el
03,8 3,1y 136 Mg (slapiums p 6yt LIS crangs Jlo)> (slayguiS )3 0394 ¢ Sl Cammer Wby 55 bl e Hloud 4 @l
dopd e dgue YeoF Jlo ay Cand Vo Jlo b (o138 dlge &y 5l i Lo (glie g (5ygliS” lojls (slab)liS bl 1
axlge Ol 3gseS L aS (o33 sluai oans] ;5 4 simd o Lot Loy 4oyl 55 ¢ oppimmon (Vo o8 T )8 5 L) il solgs il
ol (VoYY Fhlen g () wbo 31 Vo0e Jlw b )& ke ¥ odgis 4 YN Jlow )3 385 gabee ATl dialgs
il ol dg2gl s il Sl Ko o Cape pis ©pgo 3 gme (o @lie b (2l )3 0294 Sl
ol g g ot Jelido 1 (S plgisas ojg cnl )ls @l 9 3L (lasels Sbml (55 sladeiliyen join (g5y5ltS
loslazwl jo Joles pae Jolis &S ol anlge alisee gla jills b (g55oliS ¢ Jlo e p3 050 5L YU 51 9 s o a4 (Lid
(e a9 P90mk 9 Silmmogua | Coles 3908 (55l g O sladslyy o (Sl (inej; o (slaoyiss
3 355 Y slaaiy s g i ooyt S D9y pis gjgltS (Sl il 920l (nimen sl 551 5
€l ) b 3 ol el ) (45)5ltS laiasiio § lulid)lS a8 ol S5 4 p5¥ il o o 4 505 Blo dlox
5 9 Sisysld I ool pe e b oo (ol 3)Shos 5 DS (Rl s 4 bl s Lo ille 5 acydgize (ol cy e
Cts & Wl oo 0o ol 3 Wl 5 pois (Slaclw (65180 (sl SN eCuled > At (655l (sl by g
(V20 ylSan g 5,5la8) 1S S8 Sl o ) 21 kel bl 29080 9 (0B 005

o Ban &8 WS oo o)Ll (e (g sl b 3l slassarme 4 )l Coed pgs S ] 4 & daben (5559t
L)l g Sl (sl yolid jl odlail b glie Byme (10l 5 (2L S92 (5509l OV gaze CueS g CudsS il
Vode daY el el ond Joas (655l ol el €9y S 4 pdias 3,50g; nl (V¥ - gese g i) ol
Ol 33,8 (Byma ) (CSA) “oaldl bioSgn (65)glniS porie FAO ¢ gorldl Clyunss g (238 Custal (65,9l itS (lgie co5
it 5 o g el Sl Gl & e Sl e (5598 555 Sl ISl 3 s pie o8 15 45Ts e
WS o SaS 559l 4 )8 5,09, Ko lgieas CSA (YA & yd) 29 013 el umb 2 olgl el & (g5y5lis
oy 53 s piabllanl Sput g BE ol Lais olatods |y (6555l (glapoiams 5 A5 5L olomos] @l 1) 365 b
3 Slac 3t 1 S s5bts 55,55 Sl (6JllS355 mpad (V4 icsetas 5 shle oBIS) 15 gjliotine Lol
S yld o5 K a @l (V1T (o Kan 5 gi) 35500 i apmec; Sl 5 O Bymo (ialS (Y gae
ol 5 Jguame (oM 352 S (B J1alS g ladja (Ll daoslys e Byuae Jold (55)5liS > Sl
@ 35 oo )l (65,5l sroge—id (WA (5 )3L) WS o0 S8 Jluky (gjyglitS Lo &y Cules )3 &5 Wi (9050
Sy shlso )l g et ogST Lais ¢ nbo lio | Cblin (o) ol Copde «SB bis ol By e 3 by o
51 dg3g mlio pl Capis 0950 10 S)j (s 5 (380 Cledbl 4y jlo Blaal pl da ol wd (gl a8 S8 olddl
(Y-YYY )

. Food and Agriculture Organization
. SOLAW

. Kaya and Curran

.Heetal

5. Climate Smart Agriculture

6. Lipper

7. FAO

AW N~



YY 0150 5 4l yg10005 ... 5 o oo (g pglis y0 Wiouipa slo (s igoiST

B9 3 S 9 E 990 Do

Ly coul )|9I_w| 599 ol 3l (il pudd (slapiwaw jd Lodld (g5lwo pusd o ! ‘d)ﬂié“’.‘ Slao p Xadion d)’)ﬁl_.i;f
B56T 55 51558 4y ¢ Jguanes kS g aslistlon (claosholKyl ol yas 4y aleMbl ol b Ablgd dluly Aaidon (clbpiumes
dzwgl yd CSA Lgbw%_&} )‘I odlawl LY ‘_;UAJ]O» L;Lbdl.o}l_w 9 Ol)l.'\fc,‘_wli_w col)’”l_,j:f aS P uLmJ d9>90 dL“C)L’
Slrogesd yuis «(55,9LaS Lise 13 (o)lol Glol) Gl g Ol G pune gy o e (slalSal) o aree 1YY TS
s SB il sl asl S o S8 casly; daue 4 s o yog) (ol .l dﬂ,ﬂ oo salelo jleolaiwl 4 d)tﬁi s
bl e Ly sl 13,08 50 VL Comnl 1 )bl gy 2 0 (olel lo (ITAY (ylSem 5 a8 552) A5 oo (6ol
s Mo 395 g0 < g Lo 5500 ol LS oy 1 31 o5t T 5 i 8 sl o5 L

(VoY T Kan g o) 53,5 o ills ol g syl (o)l 5 S g, tnls
soboas 155 o aailolas oyl SleMbl 5l dingy o3l 5 (ol oy g alad (ol i b aiaign (sloailolus (gjlusodly
5 O (6,8 i3l 35 3 spge e I (VoY+ TllSen 5 )3) AT gy gl O g0 By ) a2 e
.3)5 oalawl SH—an Jigd g L), ‘5“49)5” J6le Laliseo L;l.m)'? P bed i u))bj Slob 1y 9 o BTy L;Uad”l.;é
YIS el 0,055 )3 1y 2 iS5 S el A1 e o8 Cenlagyslid ol & il (55,988l g o]
125 il ) a)g5 e 51 Wl 45 el g yqlis oyl 51 oS eiadign (£5gliS (YIY & ] Kan 5 gold) A il
Aoy Ve A Céypan g ol Sis 505 Lol das gl ccowl S5 £)l50 U S o8 sloaely jl i glo wlio o
bl 32 85 o5 (gl J S L nlie 53055 o0 putiz 0 (6599 (sl (slashgy EMol 4 Lo (g5l S )3 yguiS ]
st 9038 (65 S0iIl ) s iwe g S Ll domg] Cumidg siabgn (o)l (sla S S o oo ol sladaliy
s w38l o By iao (g3l wdinpgs el gl pl e o pbsl e (28lg 5L asds gl |y (_g)lﬁj ARSI ETeS
Niodigh (6ol i Sy 350] 6g5n 45 ol (L (VoY) Y K g 5,5 aalllan (VoYY 2 o) Sa 5 lblb) 15 o
5 5y i &y 5o 355 5 e sl S (s 4ty LS liipg S g o S (slaeSn J S
Ml oy S 4 YerY Jls )3 Jsane (g5illy S 3] eins (258 gl eglit) o 5 S S8 (55,588 3
SWie 2S5 5l S ol 4 39— o coli S g olS ably 5 ol iae du it O i dgn oyl loailal sy
i Cpl 303 lgd 3l g5 o oLl il g e lus ialS cel 55 oylol loj 583 Cu e el (gjlwdioion

1. Chidambaranathan et al
2. De Pinto et al

3. Biabi et al

4. Azar et al

5. Nhamo et al

6. Tabatabaei et al

7. Gennaro et al



VPoF ¥ 0)lois B 0,90 el (59 00 40 At iy (510 (59 L5 \AX

bl sl pled] (Vv (gatame 9 o) 3,5 0,Lil o Loyl b dds g5l ()bl o y9 oy 5l )l el g (o po
ol Sl 4 iz IS o (e | Of et 5 ALl B rune 5 03,5 )l e BB (sble (sjgltS o diabon
ol o) )3 1) (535 4 9y Ngy egiumn Sgn g 593 o 3l Gomin il iyl Medgn S 5 el SoS Ol Slor
by ol oS 5l o3lisl b o)ll 385 (gjayaeli (VoVF O ))San 5 ggela) 5,5 anlgs sl osiyl (slaJlo )3 wiaige
oels il > adss 3 lwy S @ ]y wlie 5l esliwl s peyd g amd (iolidl ]y Of By me odjb aS 50 1,
8 bl 350 wimgas 3)Shos g 45 0313 dnsgs Ll oyl (e (glolad (glal s S 6 5lS Sy sla 5
S glod (SB Cugb) Glise (a2 sbayial)l b)) iSs e g b S I JSuite Bl dasgi i 2855
13 Ol 13 B+) by bl g (el b ) YU cgloaibil ) oolisal b (65lol (632,406 5 138 o e |y Lo 5 Losas g
Gy 33 e gt Ll €6 gitl (655 51 00litinl b U S Laawgs ok 418 S leMbl 45 (5 ytal s (oL Lyoyiwd
awwlie 1> Ol Bpae 13 (cuo)d YO (ognddpo 0jgy VY 0)90 o (b )3 .l wyid JB olos alals y 5l a8 395 0 d9b]
(VN T )lSan 5 Sio) 2 osmlio (i Uo9)) (35 — 555 2 (siee lojlad (glal b

coel8l Sy 15 sl 13,58 52 (VL Comnl 17 )00 (65,9l )3 Aaon it g o )Sus 2,0)l8" dinej )3 (e
e Sl g Camer Ol e gl S o g3 |y (g5sltS Sl g alie Cutel (gloanljd gy T 51 S sla il
S (65,9l gl ol 5 SB Ol g Co o & WIS o do)Sa 05294 g lagfeis 5l s Sy (2l plie
2l ) gl g Boslen pls (Shlud I (S el Iy CuaS g CdsS (RI3EI 2 oMo lacg)yolid cpl a8 SLLS
4 3lg 0 S ol 5l iols (gloosls ¢iyiman Kigb o i S pglogus G131 g loalyie SEals 4 Coles 3 g Bl 0
2905 2,187 g )l (55)5lS” i (bl 5 yal ) oS Wil () Salsd e 5 At (Slacs S preasi 53 ()5l
Jgod (55 (659188 5 g (sloas] (gl 1) ol aSly e jo el (oloils (55 Esly o 05l ) e pnal s ]
ooy (S S9) (e (y2 4 ekl Cappde aope 3 159 g Sl 38 0SS Lty ol 25l e
il 9 39y GBI 52 (gl ¢ le Bam il e tiabon (ilol 5 ilel Ggrleg] ad )ty (918 § SB Casb) 5yl
8 ol 4 il (Sl (gygorte S 5 ol Brume (giludingy s Wl & Casl (g 550 5 Wl sl sl
5098 dnwgs sl |y laisnj B adeS o )l g (as slaJooly (8l o 39505 L cadlllae ol il ojg> cpl )3 oo
2y9] walyd Calae b J5le g Siadga

SRYH N9

Sl ool A Cupde g (55,9ltS (gilmdiobgn diej )3 3)l8  (sla S Elgil ol j500 St )
SB glod ( yiegyb) lgn Lt ol )55 oSy clod ()l sl S dlor Sl el (lisee (o Sws Jolid y9p0 (] 35550
Sl ol 2 ogMe ol 02 03,51 (V) Jgiz )3 bguso o & 1o S ol liasitio oS 5 B el (SB gl
b3y @l g aby Sliaas (lalS | cblis ¢ Sjleyu Kiysiile (slapius (sl Copte slalpl Jols &1 Jol,
@dllas opl ,d Wlad )3 LB oy 3y90 JolS Oyguo 4 g o Y guame ol (sloolKiud ¢ (¢5y5liS VY il 5 Sloe
5 &5l syl b gilusatay o gl G385 b lodd o 5 (o) Jima 42 35 i ol slacllb 5 o S
@D ) (K%l s ytae 53 4 b e Sl bo 4 3)509) cul 39ub (el 3485 9 (sele B9y 4 @lie Braae S

ol Cowd (e (6559l (slapinns 3 (5)lk

1. Hammouch et al
2. Sing et al



Yf 0150 5 4l yg10005 ... 5 o oo (g pglis y0 Wiouipa slo (s igoiST

T JEL ]
TYCC

S G U 5w o lits STy (ol (S slaS e andS cl ()l i b b S

(V) gtz o il (69 b (ubline (S Sl o (SOl glgil 5l ailgr o b )X cpl S o g5 (650l |uld
Jlo Xix 50 ByunnnS Ol)’)l sl S A loas )55 Lg)l.,,ﬂ 9 ($5y9lilS (g5luo Niadignr (sliwwly 10 0,8 (ola S s
ol s (0oL i wiojls (655sliS” Gldas (gl Jluoud ¢ piron Cawl 03 )5 sbul (65,5liS” 0 (pgi oo AllS
@ Slowenas M6 g Jdosiga 155 gl odld pl a8 aiS o Wl (65,9liS pao; (sloodly (yglaen 13 Sl i b S o]
&3y 8065 ( Sdgyan slaodly p glalasd @ llas ] b ) Ss 5l edla] ain S L olS dily) osuaste slagiuwles
crog) A8 o alp Ol o5l ey Bpame b 1t Ao Bl g85 g0 )3 1y gy (slapitly Lawgs e &) 5 o)l
lpoa i ooy sleosly Sy 1 il a i b glad s o)l 4 alS slacuss crwl (Sao (VFHY (), 4

Jbe S (e ) Sa b g Jl3le 3 Sy o el g Sl ) (bl (el bl el el 5 03 g5 (jp5lsS
42 (559t Jae) (st o)l (508005 gy s b W 09 oo odlis )8 el ol ) oolias] sl 04 0l o8
0055 nlngd odlallged Jiliy J) QL5 g (slacs)sld Sy g ol Bpae )3 aspddpo sl olel ey (b
sgmics S (VoVF) Tl o g uigh (VoY T ols g ll) o)l 1y sg250 o)lel Ol Jloolital L (6590580 9 CntS 125 e
oS ol Lo uls .55, ealiu] Jguame (ol (5 e ls duloe 4 13 9 g6 Liube (sled (g pSojluil ol MLX90614
S Glle (slbd (Sl 5 dty) sld Slaye (ke b liasSh g alitlojl Loyl s )3 MLXO0614 50,8 590le geissle

ol &b 1y 63 3 Sas 0l 5l a0 S

YD (o) ) Kod g W jod (I TANA (] )RR g Wi j98) (55,5LiS (5 jlwiioniod Cua dgag0 (1 Kus £lail Clasuin .Y Joua
(T'T\ ‘O‘)m 9 ..\.Z.w)9& 9 YoV cdl)ls.oh 9 J.S.w)9$ BEARY ‘201)&.@ 9 M)gﬁ

Js Sl o ’
“lll H Cond 3l Ol o Sizedgw SlSe b & Cunl (S i g byial S 5l e
o lo Av oo b g yio oo +/Y cuyo yio Sl Voo pdaw b olSiwd 83 134y o03

e s i 5 / bl ohY
Ol oo o&iwd B> iul38l g B85 9,9 5 (605 ol Can sl yio luo /D xiye

23,8 ool 5y e U

i

“_: a9 03,8 (S0l oolall 553 (6 iS5 5 islyly od g oo Casgho,
e~ . . e el i ¢
((\\mnﬁl ‘ 7B jLtb 39008 i dbai (pizran )15 42 LSy gl pdlS g 03 (g5l Pl S
‘ Cowl 55350 T W lwls 4 (VPD)

— ile (5lme (gl S 3 38l elodls 5T oo I L1y s sy o lsm slod g lsm (slod i
— S o ey S T W3 5 VPD o aball e gl bd
i kB 51 45 3 dgmg o ws daie Sy 3 ond Liulejl g dlazel Bl jpuiw 9> g Sis Ol glod
1. Sensor

2. Asefa and Tadesse

3. Fuentes et al

4. Khorsand et al

5. Hygroclip

6. Vapour Pressure Deficit
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1. Photosynthetically Active Radiation
2. Photosynthetic Photon Flux Density
3. Pyranometer

4. Ultrasonic

5. Monitoring

6. Barometer
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1. Probe Profile
2. Watermark
3. Tensiometer
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1. Dendrometer
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2. Nitrogen Balance Index
3. Cerovic et al
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