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Table 1- Tea fields profile with sprinkler irrigation system

o . . o o bl Jolsd
gusb P PCPEN A O o Bilel Je Sormider e 2
Farmer's - Irrigation Area Water Sprinkler ; Life system
- Region spacing
fields system (ha) source model (mxm) (year)
WA Fouman Solid set 0.3 Shallow well Pelican(Regulated) 15x12 14
WB Fouman *Solid set 9 Deep well Anonymous & 29x22 15
Rainbird
CG Lahijan @Semi-portable 0.5 Shallow well Pelican(Regulated) 15x15 16
@ . . Pirot(ZM22)&
CK langeroud Semi-portable 1.5 Semi-deep well 15x15 16
Anon. regulated
EP Roudsar *Solid set 15 Deep well Jaleh3 18x18 4
ED Roudsar *Solid set 1.8 Semi-deep well Jaleh3 18x15
(hand-move laterals) cun b e, d¢ Sbals g5 5@
(hand-move sprinklers) cun b sl olbals g4 510 a
it 3,50 sl WL 3 S aliossd 55458 Sloogas Y Jgue
Table 2- Physico- chemical characteristics of soil in experimental tea fields
, sais kel gL
) sk ";}”_ ) (Irrigated tea fields)
(Soil characteristic)
WA WB CG CK EP ED
EC (dS.m™) /S, ySIl colan® 0.35 0.33 0.32 0.48 0.14 0.31
(PH) /bl JS 4 sl 4.1 43 4.9 5.1 4.7 4.9
OC(%) /(30) JN 32,5 ** 1.8 2.5 2.2 2.1 2.0 23
Total N(%) /(30)2) JS 595 ** 0.17 0.21 0.19 0.17 0.16 0.20
P (ppm)/cis LB jaus ** 120 14 95 75 11 140
K (ppm) /e J mrly ** 240 203 185 112 114 186
Soil texture /s cak* SCL SCL SL SCL SCL SCL
sl jogaze (9"
Dry bulk density(g.cm’) 1.38 1.41 1.40 1.37 1.36 1.34
oy 2009) (s el 209 197 181 204 225 223
Field capacity (% W)
(o 2029 b (52505 2> 101 89 91 98 122 10
PWP (% W)
(320) &y damss Bac™
Root depth(m) 0.7 0.6 0.6 0.6 0.7 0.6
(Sebe 2 iaa) sl colessb 20 18 17 19 18 16
Infiltration rate (mm. hr™)
ol yio Sl Fr=Qe g VemFe o=V Gos dw o el (1 Slo 4 bgyye yolis opl -
(These values are the mean of three soil depth)
Gl SB (6 ganils =Y Gos 4 laio bayiol)ly ol 4y bgype dlas] —se
(These values are related to 30 cm of soil depth)

OY Jsin 5 bl g opSoilul gl plad ) g pto sl A 5 ) Cu s Caghy (SB ez pyr «SB el Jols Sk



YYD ond ol S Silhb 6 el sleaibobe (28 b5,

e > ilr glaadg linl 3 ol @i s Sejlul ol
lobsd) Ol yglaer Gl s e 9 $1d bl culie
2 (teglow Ve (A3 ydad g yia Bl WY eld5)] & (copivesl]
WA i j20) jobre (23 dgf 93 0m @ipe yio YV sloaSid
i el 48 e bl o (A osliul Loy ) S, 5l &S
bl Ll ys s Liolojl e )3 .55 03l 1,8 idgy bawgie
0a go o o Cled 3 5 Wbl cslo YUY o Ysase gl
B8 il g oSl z e dilgiwl dowy 4 la bbgd 4
e gl Galajl g9y )3 48 i Byl 51 (S izen
Syl ple b altio oyl 53 5 o ilal 5l )93 39 ol pasetie
oilafl e (b By ks 5l 5 s (e38 Sl s S e31
ol 5l iolesl yo 13 b sy (6 pSo5lnl (gl s 03l )3
0550 (g0 astiie jelaledy . odlitwl e LB gussls
o 53 38, 5 (o (55l 3blin > (ol (sl sl st
S5 Ui 25008 g Iga (slod (5 ( S5k e Slps talejl
Gl o Y 5 ) sla S )3 (059) Vo O ygody) g gLl

Tmax

lgpjgy Ve Ol rp

Ten day air temperature

O A ) Sl g &S o e Sl (LS (sl sl 0
Col Loy ) dags o (8 Jb) (oolaidl (25 Jgae
Slbl Gl y2 > ady) dawgi Gline e Sl cnlnli 298
oS 0blie b dawgy Ges g ploul (61, S wg 90 L S
MW

Joe SB gl gl 52 )3 sl wlob o)l g9 5| I3
dxwg (30e b (SMD) SB sy 350a8” s pskiate 4y (tolo]]
5030l S 65 ojlul (59 g, jleslinal L (Vgae) ad
plos dilols o 5o o ilal (00 g )Lt wilo (Sg)am sl its
5 (crtd Fo L Ye) gpte Sl (il alsgas Bl (00 .88
5 2 Olie doagplpl (2 Glomio b3S (6503l yiogi S
ol b wgie (30 A5y g dilobw calises blas o o iy
Ay a aSd shol o (05 Sl b i s b duslxe
Lo ptlel jlid ol csnsy (639)5 (23 b e (2] o 58
an piY b gpSoilul ol & uate gt gl 5 o, Lid ] oot
Ll 55 b alyl )Lis (6,505l b ol Ui Condy 45 sl S5
3,5 oy cdilobor olanl JLid b o] dolie 9 §b calisee

20Mar20 Apr | | )7
21 Apr-21 May ’
22 May-21 Jun
22 Jun-22 Jul
23 Jul-22 Aug
23 Aug-22Sep
23 Sep-22 Oct

[}
=
(=3
°

23 Oct-21 Nov
20 Mar-20 Apr

8
=
)
©
1%
*n.g
¢+ ©
Ll )
~ 3T
1 Q\HQ_
] KA =
1 282
1 3w
:A%.E
1 >
4 ©
] - T
c
@
v =
+0
= 5 o 5 =
253 253832
o
S5 o <3CzZ
—a daad
[ = BV A
L3225 253
£33 92 <929
- o G 0 Do
blN ] IS
2010

Sl Olidod ol ) 15 gl jlu JWid 35005 5 lgd J8lus g y8las slod (29 Y+ ) crileo = JS0
IYAR 9 YFAA Jlw 93 LT U 0935958 ¢ y058 )3 pIlid
Table 1- 10 days Average of maximum and minimum of air temperature and air saturation deficits at Feshalam Tea
Research Station, 20 March to 21 November in 2009-2010
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Table 2- 10 days Average of total rainfall and pan evaporation rates at Feshalam
Tea Research Station, 20 March to 21 November in 2009 - 2010

AELQ = Da 100
b ")

oiebel S5k 53 o3l by ) 5 sl 38 oo AAELQ
(o dhse) J5b pwo yd o (65030l O Gos Lawgio Dy o(huo,d)
2£ 0 S De<SMD oS 59 0 Sy Al> (gl ¥ ddlro .l
(V) 32 S 98 dlaily 1> Dy sl [, SMD il @500

2] o Candty i dlaly 5l 55 (SMD) S gy 39868
(Fc_ei)Xszpb

SMD =
100

(¥)

codyb 1 S cugby 559 Moyd cuipa 0; g FC oF dole

033 Po 9 (sto ko) adyy dnwgs Bos D sl 3 B 5 2
) o [ a oy 5) (5,005 oy

b 45 (PELQ) ol ey 2 3l Jeily gloas)

A alaly 5l eolaiwl b 50 ceuwl 2390 dilobs (gly S Lol

A5 dplo gl oles (sl

DIq,MAD

PELQ = %100

MAD (A)

oileil Sl el o) 33 o)l Jeusliy o], PELQ
) omly g 2 48lde i Of Gas (ke : Digaap {40)2)
:Dmap 5 456 Digmap <SMD &S s 55 Canl (o duo o
SMD=MAD &5 8 «unl (520 Jio) (63, O] Gos bawgio
SB > Cagb) (o pde jlxe 45 b jlore allss Sl (V) a3

9 Jemly ol i (IS (Bl oo ol
ialof] Soly 5 b Ly, 1 ol Ly 5,8 sdly oo,
030> pua dilolw JS' & jlisd Ol s dpwlee b w9 duaolxo
W)

bausgs g 26 o2l H(CU) Gy slibanns 5 (G158 G g
$BlSs Candg pan Hobated VAYY Jlo )3 (F) Guolitan S
il 5 Oygo a4 ol (Lol dally g ad @l s alol O iy

[, -D| 0)

CU=1001-= — —
nD

Slale 4S5 )3 (spglaen slagbgd | S o 50 o gls)| D
M (sto o) g )3 00 gz ol Bas bausgio : Do)
F) cowl Slanlie slass
Gl ¥l Sloolizl L 35 ol ) 2 &l i (B16S
(V+) 15 dslons gl plos
()

Lg)_»fo)l.\_:' )J.)I_Qn u;)-«;f F)LP ;i_s 2 u‘ kﬁ—“’c Ja_wy.n
o dee)osd

DU :&xlOO
D

A ookl ¥ alaly 5l ale]



FFY ond ol S 5L g5kl ladilolu (&8 b3,

oS 9 00 (65l Coluo glysinl b Cpin e 50,5 duolxe
S5 Al § 13,5 o g e (Slel ColiS” ile «g)lo]
bjlyy d ang Ly il 0l g )lol coliS oo ) s

b s dboga o

L Lt (Ygie) SB cuiS @) bgsyo slags S ojlul ol
Jbdn Lagls olay S oS o flis obs,l 0590 Covin s
iuadib 3 ol i (e Cuns 5 (Sl clis il
Lnaibolos plos ol izl 18 Jloyi 03, 5 Ko 5 plo claSls
Lo o] s s G g oSSl ol 5 00 (3000 ol |
29 WYY 5 +/ g yio o (yuionj (owd +/OY U +/NO (o iy
2 Aoyl SLS (g9 olStloj] bawgs o2bl)| (cuiaiibs > &5
9 Seid Cloogas plod (IS by 3,5 00 )5 Co Si DS
N3 Slome o3 > o)) 3y50 slagl SB g Ol olen
Kbl (60,8 cudgie ShL glol gly g anily

P odb ol G ol laalls clasuie jI Sy
1 kel ebalols byl slo ol g, Sonl ol 5 ) Jois
SBS o ps i 06k Canl 0l 10 5 ¥ Y ol
y3lis U cuiias ED g EP WB wlolw 4 bgsye yivlejl Sols
Ny LH.» Olyos 4 g b bl (¥ gda) 240 0o pd 54 5 YO VO
JS (3o o pd oy (luopd FAA) WB ailbobis j> ,Lisd
dol cossas ED g WB (EP (cladibobs 13 e (o)lol ailolo
Wbl S5 aluj) > 515y s S (1oys FA o Ve )
hls Gialasl )3 oacal cwday (claodls cil doyd Vo Iy
a8 s 5Ss 4 i L Sojlal g 0390 Jlo s
(1) 39 sialss

Sl aco cal 3 OF @iy (BleSe Sl Sl el Ky,
iy IS s 0Vl 85 s g (F Jpia) 23,5 odalite
Gaie o gy duopd DAY 5 O/Y /Y polds b dilols S 5o
3ls Sy gy o35 ol b 39 EP s WB ED (claaibols 4
G el 4w 1> ol @) 0 Ol @iy BIES 5 il S
5 4 ANV S CUSZAY) SIS 5 ol yo 00 dyogs puolie 1 jieS
JUi8 a0 cg9i90 ol kol e (V4) 39y (£ SYS DU 7 A-
(8J932) 55t WB &ilels 13 oy 54 o blal (29 5 )Lt i

ol (MAD)

S o palio dnaibols 5 S ym p Ltb M3 sevg s 4y
JUid OS] 4 425 b il bl oo Comday 398 sl il (ol
Comud ailolaw S a1y o] les B 059 Joaws ailobo p> 39390
5 oalatwl Vo U5 Lalgy 5l skate cpl (gly ol

0.5
1+ Pmin
CU. =CU &

2
)
1+3[@] v
Pmean
DU, =DU| ——"/__
’ 4
(v)
ER = %
mean (A)
AELQs = AELQ(1 - ER) ®)
PELQs = PELQ(1 - ER) (\*)

Proin 9 355 0 bgsye dilobs a5 il Ve U5 sladsles y
ol bl ST g Lawgia < J5lis Ui 540 P g Prmcan
(V) conl plosily JialS o p5 (ER 4 ()1)

Gy (Dp) bos 3585 duoyd dulee (gl VY alaly 5l coles o
{8) 1 o3liel Bl (g Lol clo
_ Vz1- (SMD x ADirr x Si x Sm)

B q X Tirr

bl plos e T (46 )3 casSlo o) iyl lawgie 031
S sz s ) s 55 Lo Lol 4lobs S, fast)
o3 ADiy () o ) (535 SeSe ] i oy Al
e S Vi g 09800 duwlona VY alaily 1 88 (gl colis
S90S Ly (gglame b g jidey &5 (ladlale )5 (GuSoyi) 03,5 358
2395 o dumoloee VY ol 5l g Canl 0393 Ol (SB cugbs,

ADirr = mX 100
N

Dr

x100 (W)

(V)

lJ. da‘.u.m L; 9yl leu] PR x> uT oS u)‘.bu_\ap siss N
sl 0395 SMD

i;Di>SMD
Vzi= ) (Dix A))x SixSm
i=1 )
Sosleax slalosd I Sy o iy co & (e 203 A
{ ﬁxloo) il 8 ol

S meiged &Sl Jas b il 3)50 slajyiell e )
i)l sl il b e balyy ol g (Sluwle 4 4



W’iij‘—.glé)}‘fo)w‘f‘\&‘Jasb’,iq)‘m Y

Sa¥S ) 55kl wlobs (251 (sl ol )y Y Jgu
Table3- Parameters evaluated in sprinkler irrigation systems

£l ob bl «_#_’ bwgio iy Ol o doii UL SOl ey a o, o
Farmer's AVg. sprinker Spraylosses Deep percolation Water Depth O_f water
felds discharge (%) (%) application received

(I/s) (mm) (mm)
WA 0.38 13 0 31 26.9
WB 2.39 8 12 54 49.6
CG 0.52 4.8 6 41.6 39.5
CK 0.41 9.8 13 39.6 35.7
EP 0.84 11.7 9 40 353
ED 0.69 9.4 4 48.7 44.1

(30 )3 G 52) Sl 13 gyl wilobw (25,1 (gl il )y ¥ 90 (eSle ~£ g0
Table4- Average bi-annual evaluation parameters (%) in sprinkler Irrigation system

&b ol AELQ PELQ CU DU AELQs PELQs CUs DUs
F"’}ir;‘g;'s olejl Sob (Block test) &lbolw Js (Total system)
WA 39.38 39.38 66.29 51.22 37.72 37.72 6449 49.14
WB 54.44 5444 7524 64.76 46.55 46.55 70.38 59.30
CG 43.09 43.09 61.27 46.43 37.26 37.26 5538 4444
CK 48.28 48.28  65.75 52.02 42.34 4234 5928 44.34
EP 75.55 75.55 75.06 63.13 53.23 53.23 71.09 58.13
ED 54.76 5476  69.46 61.97 51.11 51.11 67.73 59.66
Max. 57.55 57.55 7524 64.76 53.23 53.23 7191 60.13
Min. 39.38 390.38 61.27 46.43 37.26 37.26  55.83 4434
Avg. 49.58 49.58  68.84 56.58 44.70 4470  65.50 52.51
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Introduction: Designing and management of sprinkler irrigation systems depend on the situation and
location of its implementation and often rely on professional and long-term tests (9). Having a good irrigation
system depends on knowledge of the relationship between soil, water, plants, irrigation scheduling, the required
amount of irrigation water to the water-holding capacity of soil, climate and plant growth (6).The less use of
sprinkler irrigation systems and less performed research projects in the Guilan province, lack of correct design
parameters due to shortage of the required parameters for local and regional planning, has led to reliance on
charts and tables. Therefore, planning water resources cannot be performed well and with accurate details.
According to many researchers (8), the technical evaluation should be a regular and short-term process to review
the problems and possible performance of irrigation systems. Merriam and Keller (10) defined the assessment of
an irrigation system analysis, based on field measurements in real terms during the normal work of the system.
Therefore, to develop these systems over the next few years, it is essential to evaluate the use of irrigation
systems and review the performance of existing problems and utilizing the results to improve it. The aim of this
study was to assess the current status of implemented irrigation systems in the tea plantations of Guilan and
evaluate their performance.

Materials and Methods: In this study, six classic sprinkler irrigation systems in tea fields of Guilan
province were evaluated during two years. Sprinkler irrigation systems of semi-portable, solid-set and solid-set
(hand-move sprinkler) were selected randomly. To evaluate this irrigation systems, Christiansen’s uniformity
coefficient (CU), distribution uniformity (DU), potential application efficiency of low-quarter (PELQ) and
application efficiency of low-quarter (AELQ) in the form of trial blocks were estimated by measuring pressure
fluctuations which were applied to the entire system. Using irrigated area and irrigation water depth, adequacy of
irrigation curve, deep percolation losses and spray losses were determined on the basis of existing relationships.

Results and Discussion: Average values of CU, DU, PELQ and AELQ for 6 tea fields were 65, 52, 44 and
44 percent, respectively. Application efficiency in all irrigation systems, Christiansen’s uniformity coefficient
and distribution uniformity were lower than recommended values in the references. Merriam and Keller (11)
reported the allowable range for potential application efficiency of low-quarter between 65 to 85 percent. With
respect to irrigation less than the actual water requirement of the plant in tea fields, AELQ was equal with PELQ.
Untechnical design and implementation of irrigation systems, particularly poor operating pressure and economic
problems were detected as the main reasons for the low PELQ. Simultaneous use of sprinklers with different
specifications and models, old irrigation systems, water leakage from valves and other equipment, practically
change the pressure and flow rate, which were the main reasons for the decrease in uniformity of water
distribution and application efficiency of low-quarter. According to Cobban (4) uniformity coefficient of
sprinkler irrigation systems were reported between 31 to 55 percent in Tanzania tea fields and in other reports
were between 58 to 72 percent (7), which was due to poor design, long spacing of sprinklers and high speed
wind. Christiansen’s uniformity coefficient and distribution uniformity of low-quarter in ED, WB & EP systems
were lower than recommended values by Merriam and Keller (%81<CU<87% & %67<DU<80%)(10). In spite
of the little losses in deep percolation, irrigation adequacy of these systems was relatively low and unacceptable.
In such circumstances, only about 20 to 38% of irrigated area in WA and CK systems, respectively received the
required water or more, according to lack of soil moisture (required irrigation depth). The main reason was low
uniformity of water distribution in irrigation systems which was described previously. Evaluated spray losses in
irrigation systems was variable between 4.8 to 13 percent. The losses obtained in irrigation systems in tea fields
in comparison with the values 2.6 to 42.4 which were obtained in other regions of the country were less by (1, 3,
5 and 12) due to low wind speed and high relative humidity (2) as the main reasons.

Conclusion: Average values of CU, DU, PELQ and AELQ for 6 tea fields were 65, 52, 44 and 44 percent,
respectively that were lower than recommended values in the references. The results showed that old irrigation
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systems in tea fields are not in good functional status due to untechnical design and implementation, operation,
exploitation and inappropriate maintenance (due to economic problems and lack of farmer’s knowledge on
irrigation). To improve the performance and efficiency of irrigation systems in the tea fields, detailed
information are recommended, to design and implement with detailed information accomplished by regional
companies. Moreover, the use of solid-set (hand-move sprinkler) sprinkler irrigation instead of semi-portable
with manual handling (aluminum pipes), operation of irrigation groups and promoting farmers' knowledge about
the principles of proper the scheduling and management, operation and maintenance of irrigation systems are
very effective to improve the performance indices.

Keywords: TIrrigation efficiency, Irrigation management in tea plant, Supplemental irrigation, Water
requirement



