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Article Info ABSTRACT
Article type: Background and Obijectives: In recent years, due to lack of water, using
Research Full Paper wastewater including fish effluents, for agricultural purposes has increased.

Depending on water quality, irrigation method and type of crop might

Article history: change. The elements present in the fish effluent interact with each other

rticte nistory. and it is possible to increase or decrease the absorption of an element
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Revised: 01.07.2023 through the leaves to have a negative effect on the yield and growth

Accepted: 01.15.2023 indicators. Therefore, the aim of this research is to provide solutions for the

use of rainbow trout wastewater in the sprinkler irrigation system to

provide irrigation water for potato cultivation and the effect of leaf washing

Keywords: with appropriate quality on yield, tuber dry matter percentage, diameter
Chlorophyll, and height of stem, tuber specific weight, chlorophyll, photosynthesis,
Stomatal conductance, transpiration and stomatal conductance.

Transpiration,

Yield Materials and Methods: This experiment was conducted in research farm

No. 2 of Kurdistan University, Dehgolan plain in Kurdistan province in the
form of a factorial experimental format based on a completely randomized
design with three replications in the summer of 2019, 2020 and 2021. The
investigated factors include irrigation at two levels, Al (irrigation with well
water) and A2 (irrigation with fish farm effluent), as well as washing the
leaves of the plant in four levels, B1 (Before applying fish farm effluent to
the leaves, they were washed for ten minutes with fresh water), B2 (after
applying fish farm effluent to the leaves, they were washed for ten minutes
with fresh water), B3 (The leaves were washed with fresh water for ten
minutes both before and after applying the fish farm effluent to them), B4
(the leaves were not washed at all). Sprinkler irrigation system with micro
sprinkler was used to irrigate. At the end of the growing season, the tuber
yield values of different treatments were measured. Chlorophyll meter
(SPAD-502-Minolta-Japan) was used in order to measure chlorophyll of
leaf. The indicators related to gas exchange including photosynthesis,
stomatal conductance and transpiration were measured by a portable device
(ADC BioScientific LCi Analyzer Serial No. 32648). Data were analyzed
with Rstudio, and mean values of the treatments were compared by the
least significant difference (LSD) test at 5% and 1% significance level.
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Results: The results showed that washing the leaves with fresh water
significantly affected the yield and other growth indicators. The highest
amount of yield, stem diameter, specific gravity of potato, chlorophyll
meter reading, photosynthesis, transpiration and stomatal conductance were
550.8 grams per pot, 9.941 mm, 1.113 g cc?, 53.59, 22.00 (umol m™ s?),
7.028 (mmol m? s, 0.4439 (mmol m™ s™), respectively. These amounts
were results of applying B3 treatment. Also, the highest percentage of
potato tuber dry matter was 13.3% and the highest figure for stem height
was 35.46 cm, which were the result of applying B4 treatment.

Conclusion: The results of this research showed that compared to well
water, fish effluent increased yield of potato by 16.4%, stem diameter by
4.67%, stem height by 3.72%, chlorophyll meter reading by 9.67%, and
stomatal conductance by 15.40%. Also, the results showed that treatment
B3 compared to B4, increased yield 64.78%, stem diameter 39.55%, tuber
specific weight 48.54%, chlorophyll meter reading 41.21%, photosynthesis
by 4.40%, transpiration by 25.86% and stomatal conductance by 10.13%.
It is suggested to use the strategy of simultaneous application of fish
effluent and fresh water in the sprinkler irrigation system to increase yield
and growth indicators.
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Figure 1. Experimental design implemented in the field.
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Table 1. Maximum temperature (T ), Minimum temperature (T,,) and precipitation during
growth season of potato.

(oo 4> ):AL;.:») L;JJ)L. ©C) JB\J} sles ©C) Sl gles ole Jl
Precipitation Tmin Tax Month Year
- 18.69 343 =
July
|
- 18.82 33.96 s
August
1398
- 14.75 29 R
September
40 9.12 21.22 s
October
- 18.98 34.12 ’"“"
July
|
- 18.50 33.43 s
August
1399
- 15.09 30.03 R
September
- 9.16 21.12 *
October
- 21.22 35.34 =
July
|
- 18.94 34.81 e
August
1400
- 14.61 29.13 SR
September
27.5 8.56 20.087 7
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Table 2. Some of soil physical and chemical properties of Kurdistan University research farm.

E
~ =
a2 < I = —
5 S = < S . E . E €
. >3 \,1,3 _§ _)“ S 1 g ﬁzt @ N e = e % S
4% of T 2% g 3 £ H e % E B s g o5
Y o & ™8 BE g5 25 42 3 - A= vwa 38
$ 5 2 ° o ~ = 5 = E 3 = = I = g ~ © >
> A E SE€ 2 8% §% “o <©0o 8§ § 2
448 s g TE °¢ c 3
V) J e s s £ o
e
g
1.35 04 772 1 0.1 13 406 31.6 456 22.8 0-20
1.35 038 765 083 0.083 13.79 29434 30.4 48 21.6 20-40 1398
1.35 042 777 09 0.09 12.64 238.1 33.8 422 24.3 40-60
1.35 037 770 1 0.1 12 404 34 44 22 0-20
1.35 038 773 094 0.095 1254 28142 31 43 26 20-40 1399
1.35 04 765 087 0.089 11.4 239.4 324 44.7 22.9 40-60
1.35 045 789 1 0.1 115 395 32.3 46.3 21.4 0-20
1.35 041 755 094 0.084 11.54 294.7 30.6 48.7 20.7 20-40 1400
1.35 038 765 087 0.095 12.62 295.34 33.2 421 24.7 40-60
6okl 5 eslinul 5,90 ol O 5 0laS 5K, VTP Al Sl CoteS Jaw g0 ¥ Jyu
Table 3. Average quality of rainbow trout effluent and well water used for irrigation.
1400 1399 1398
NEY )
Al by o T S e 6 “} N N ek
T v) el 1
Fish farm Well water Fish farm Well Fish farm Well R Unit Parameters
effluent effluent water effluent water None
restriction on use
0.6 0.2 0.57 0.25 0.5 0.2 <0.7 dsm? ECw
7.97 7.8 7.95 76 7.75 75 6-8.5 pH
294.42 175 287.36 173 283.14 172 0-2000 mg I* TDS
2.46 2.23 2.39 2.23 2.35 2.22 0-20 mel* ca™
0.18 0.13 0.16 0.13 0.14 0.13 0-5 mel™* Mg**
0.177 0.168 0.174 0.171 0.174 0.167 0-40 mel* Na*
0.071 0.065 0.066 0.064 0.066 0.063 0-10 mel* HCO5
25 1.61 2.27 1.61 2.27 161 0-2 mgl™* K*
48 0.25 48 0.25 42 0.22 0-10 mgl™* NO;-N
3.96 0.23 3.85 0.21 3.76 0.19 0-2 mgl™* PO,-P
<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 mglit* Mn
<0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0-5 mglit* Fe
254 85 242 83 240 80 mg lit™ TSS
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Table 4. Analysis of variance of treatments effect on yield, dry matter percentage of tuber, stem diameter, stem
height and specific gravity of tuber.

Slagye S0
Mean sum of squares 4
CH VS R
. . I . . L e el e
ode o sasie 039 Gl sl Sl b3 RENCGEI PN W i< o Source of variation
Specific gravity Stem Stem Dry matter Yield o
of tuber height diameter percentage of tuber
EXY ok Aok Kk ns JLA
0.019 33.97 1.932 115.228 227.948 2
Year
EXS * Kk (A) L«j LA-J
0.001" 45.22 2.985 6.004" 18092.782 1 e e
Irrigation treatment (A)
LT Sl X L
0.001™ 4.643™ 0.117™ 7.937™ 13.276" 2 SO s
Year x Irrigation treatment
s sese sk Kk ok (B) Y S L“;Lw;
0.01 105.072 13.331 147.034 10264.161 3 05 e s
Washing leaf treatments (B)
B x JL.
0.001™ 5.533™ 0.145™ 1.587™ 268.917™ 6
Year x B
0.002" 45707 0.156"™ 19.285" 267.612"™ 3 AxB
BxAx Jl
0.002"™ 6.792"™ 0.065™ 4.04™ 74.743"™ 6
YearxAxB
o
0.004 7.728 0.564 3.481 323.845 48
Error
5.54 6.41 8.41 9.42 3.58 - ’

Coefficients variance (%)

. . - e #* . ns
Mt{j“):\}ochodjld:ﬁj‘.}&”wjﬂ_j 5 ols g
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Table 5. Analysis of variance of treatments effect on chlorophyll meter readings, photosynthesis, transpiration
and stomatal conductance.

Slas e Sk
Mean sum of squares
rd
ol 315l ol ek
Sl Sl 5 o _ ’ Source of variation
Stomatal - e Fodes A d.f.
conductance Transpiration Photosynthesis Chiorophyll
meter readings
- o " s Ju
0.069 6.536 649.75 11.088 2
Year
- - A) bl s
0.047 1.204™ 0.423" 309.59 1 B bl Sl
Irrigation treatment (A)
LT Sles X Jl
0.001™ 0.09" 6.482" 0.12" 2 Sl Sl
Yearx Irrigation treatment
- - - o B) 5 s gla )l
0.105 13.149 173.827 785.459 3 B) S r it ke
washing leaf treatments(B)
B x JL.
0.003™ 0.077™ 1.98™ 1.375™ 6 J
YearxB
0.005"™ 1.038™ 7.141" 35.8197 3 AxB
BxAx Jl.
0.002™ 0.39™ 1.811™ 10.542"™ 6 J
YearxAxB
o
0.006 0.812 9.473 9.458 48
Error
() Slis o
21.91 14.89 16.69 6.84 -

Coefficients variance (%)
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Table 6. The mean values of the yield and water volume in different irrigation water treatments.

OIS s (ajf) :JS.L;.; (OIS s ) 6)L:!T VI == 6)\1J slasles Jl
Yield (g pot™) Irrigation water volume (L Pot™) Irrigation treatments Year
484.162 164.9 Al
1398
562.225 170.1 A2
485.379 177.9 Al
1399
566.342 188.4 A2
489.296 175.3 Al
1400
569.383 186.6 A2

o Of & el Slj 4 bye (mMmol m?s™)
Ko olea ol st eslizad g bl O ol geay
Ao 3 VVE ol Of o 40 ale Ol 51 eslinal
YIVY le s doys £V eednw 5 Shes
P Vot K VIR W SR VAl \ G (W Cl.&.?)l BB
Loglass, colia doys Vo/Er 5 2 bby JS
aw dsb 5oV s g Lol sl 2l
VAN O w Ve 5 T4 OYAA el L
P R W KT LS T A R VN VA SP R VY. V}
b eddalol O i (el edd by
o Bdd bl el by LS leollS
et 6 0555 Sl cal 5 0m olr T
0535 SOl 5 515 oS 5 Shas 5 435 S35 5
Wl s 0S5 ofsn weldel 3 ege N
o Ses Sl el by (Y ) aS
Slass Cells 5 Sl b Wl plisl (b S
Aas e Ol (F Jadr) ale Sl oS s S
S5 Sk Al VO e Sl ety (5] g
S das e Ol ale Ol PIUT s o
1870 ol Ol o ale Sy 3 id Ol
Sl pobe ol oy by ol St Al
© A2 Sl 5o s oS 5 Sles ol ol
GVl polis o b Ll st 5t AL s
(rle Slay 53 ply 5 AWE WO5s A8 ol
S ol aBl il Aoy VVE LS oS 5 Slas
O5s s e 81 a8 ol cpl el ol s Ylazs|

AY

sl Jle Sl wi;h,a awslis 3l Ja\;— C;L'.;
())') caslo CL&J)\ casle J.E_é ode i asbe Aoy
Sedds S

Ol V s 53 gl ol 5 B R g

B33 e wde o suashe
Lo yd o 5 e s e 0L Cb RGSUU PSS W
035 Wl plo) Wl 8 el Sis ol
Sloss, Cols 5 G Rew s wle o gass
£8/00 e Jee ANA4 ol YONNN LS Sa
«(umol m? s™) Y¥/a+ (g cc™) VA (e sl
(mmol m? sy vt (mmol m? s™) oy
g b ol ey lesl plnil ppw Jlo @ bogs 0
S s o Jlos 53 ale Oliy L0dS Y Jslr &
S ol wils (VL gdae sl s sladla
0 bparls sl g Shae s e o Yoz
Ol 63V slte badle plo cod 4 o5 Jlo
PP e s 0 OIS S J g Cu el 6305
M Bl pli)l Wl s o Sles s
S sl ele s e s IS edncdl 3
LAY e e AT OlE s pfé'\é/"\/\\”
Lo (Mmol M? ) W FAYC £V/4Y (e sl
bl Ol Olsear ale Ol 5l &8 cl Sl w
S o Sles s 5SSl edd elind
5 s st i ke Wl iyl Wl
OIS s pf EAVYVA C ) a sl Colda
YTV EYAVE el EYVA e ks AVYY



V€Y £ a)h».fs ALY 0,92 4«5‘&9&,&7 cblas dl.ﬁ:u...\hs).p

Ao e 0L 53 OLS rash b s sls 5153
Gzl ot 5l & by S5 gpdned
5 ookS b Sole Ol p s elind
et el il cte b as, sl el
el uT QL«)'VA 5,08 sls OLiS wsdS gla iass
3350 dlge 31 30 e S G lazel g
53,5k spp el 5 das e alS 1 Ol s
O 5 e oS S el
sl 5l a5 J3 &8 Sl sl sdd 55158
plnil soed ST L (S st LS 5]
ww\;gfﬁ):ﬂmjﬁw;ﬁ&a
Db el (S s ptad Nl S 55
ool dlsl 5l L3 o8 Sleyss L3S 0l Lol
5 S e Sl LS Wsd e il LS
5 oAb S S by ole Cl o b
Gt i) Jesl Jl du S Sl o
et S5 3 5 pole 35d bl (S
el il Al A S Sl s s
EB A Jsdr 52 ) 255 e 5 Ses 15
ol sl bz Jl o Sle aslie 51 Jol>
ole doys (S Gpiand slagle 5 ool
S i s sl sl el S
Aas e Ol Cu el ol esls il e L JS
YANO sonimm ods Six osle do)d 1 5 s
ol o3 ol ST e S ol Ak b
AL (S Ssited £S5z oS S,
S sl Aoy oS ol Ol s s
oy g o Sl A Lo nicom
Sl Jlesl 5l any 5 13 olS oS 5 535 sl
E Ll (Sn gt e Ol L sk
dlo gLl 5ty das e 0L S Jde
S Sl I a by e ol ST e im
oS S 5 5l b Oley LT O s
FULl (nfeS 5 BRIL (S syt WS

w54 e mle BV/0) 5 Ee/00 e s aBla

A

ol Esl il S il oS Ll S
osle glgme 2alS 5 ote JS25 s o Shee
(TN ObKas 5 dmallis (FY) 352 ol it
Sl ol & Sl ale Cliy LS 1S
Ol 38 Aoy VL jase 5 5l s Ses albtag
;.j LS, gpdaad sl Ol e e @\:3 als
sl als ple 55 Shase 5 ol sme _):;UJ:AS
A oS e Jador 4 a5 Ll il LS
Sl ke o sasien 03 il b o5 Shos llis
e ARt e B TP S
9/9¢)  OlS s D? 004 /A i a gl
(umol m? s™) YY 0¥/04 «(g CC VWY (e Lo
(mmol m? sy v/gsvq (mmol m? s™) v/ A
Clag Jlesl 5l ey 5 13 & ol - 4 by e
Rt 5 A el (S st S 8l
3 e odd i odle Ao s Sldae 5 A
S il EVY0 5l s YWY 5 5 o aBla CUJ)\
b Sr st $5ms € Sl Jb- 4 by s
e oS de dsdr ol el sl 5
Ojs wdle Jhb o Shae JMde 308 s 0L
G e Jd g AS e AS I Jas 0de o e
B S LA R R Ot PR ICE R P
XVAO (g €CH VN e e VARA OIS
«mmol m? sty o/e¥1 (umol m? s™) Y¢/A)
S cod b 4 by e (mmol m?s™) v¥ag
i plnil s S b (S it 65
Kis osle Ao s lide GFeS e 5 el
£V 5 Aoy YV Lo S aBla Cu;)\ 9 ode
Sday 5 38 ol A by e Sl
el (S it S b Sl Lol
VA B4 4 s B3 L SKseslew s
EA0E wsle s as s Y4/00 o Sl Ao s
Dde Aoy BV/YY e o gese Oy Ao
YO/AN (stw b doys £/80 e Jo5 IS eddl 3

L sl coldas doys VAY 5 G Ao



O1Sb 5 5505 (28 it | o Syl el 3 5005 T b 5yt S 51

Sr Crited 8 8ma LS, 5 op et O
Ol LS SLlS ol esls 0Lz ba i s sl
LS SLLS cod 4 Lpde okl Al by
il bl 6V T 5L Bledds (gLl s O
Ot M3 Shes (S sl S e
S oKn 53 (LAD S o (als 5wy 035
a3y sl Ll Of Olpea Al Oly
SOl w5 518 s Lol e s
Jebs IS nl by ol il 8 S e st

(\Yl) J;Li&a u:,.i\je\ J"" oL3§ ),I.A..Nj:.é 9

Al ol bl O wie S ool A 4 bgs e
ey Jlesl 51ty 5 13 S 1 5 ol a3 O
Ladls (S Gttt el ST L LS, b
e 3 opl o Aas e O Sl i il
BB el ey b Sls bl
Mas (pFeS 5 Aok e DL e
oS5 4 YoM 5 oV/0N e hb IS sl B
5l ol bl O & cul J & by s
LS, 5 ol Ol Jlesl 5l a5 13 LS,

AT T 5 L ool s T L S (s

0k o s 055 Bl g1 il b o ds Kt a3l deo s 3 Shas p bjles T Kl s -V J g

(SIS0 el 5 G e g e J g AS e A Bl
Table 7. Mean comparison the effect of treatments on yield, dry matter percentage of tuber, stem diameter, stem height,
specific gravity of tuber, chlorophyll meter readings, photosynthesis, transpiration and stomatal conductance.

o z
3 3 £ 2 =
] © A 3 2 o y ©
33 5 2 B - T g 1
J g E 2 J 8 § z 3% 4 E 3¢ = P
3 8 53 12 1 E 3 < 38 4 8 2 3 5
38 o 4, 8 : = 1S JE o A o> 32
N & g 9 3 S ° g £ & > £
0 g = £ 38 3= o 8 4 B S8
& s 8 18 =
a RN &
(8} >
o
mmol m?s*  mmol m?s?  umol m?s* (gcch (cm) (mm) %
Jl
Year
0.2958° 5.459 ° 13.53°¢ 44235°  1072%® 4214° 8633° 21.28° 529.3% 1398
0.3783° 6.234° 17.89° 45.172°  1.068° 4356 8947® 247% 525.8° 1399
0.3963° 6.452° 23.90° 45557°  1.118° 4450° 9.199° 2536°% 523.1°% 1400
6JL:-IT ~.j slasles
Irrigation treatments
0.331° 5.919° 18,5162 42.914° 1.085° 42.608° 8.723° 24.07° 486.279° Al
0.382°2 6.178° 18.363° 47.062° 1.087° 44.193* 9.130° 23.49° 565.983° A2
S St slajles
washing leaf treatments
0.3233 "% 5.745 " 17.23% 4245°  1099® 4419® 8674° 2506° 512.2° B1
0.3906 ® 6.385 % 19.73® 4596°  1.067° 4231™ 9.192° 2218° 5414° B2
0.4439° 7.028° 22.00° 5359%  1.113% 40.76° 9.941% 20.76° 550.8° B3
0.2694 ¢ 5.036 ¢ 14.81° 37959  1.066° 46.35% 7.898° 27.12* 500.1° B4
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Table 8. Mean comparison the effect of interaction of irrigation water treatments and washing leaf scenarios
on dry matter percentage of tuber, stem height and chlorophyll meter readings.

sl CUJ)\ ode iz osle s s
o JPo S e IS e Stem height Dry matter percentage of tuber byl
Chlorophyll meter readings Treatments
(cm) %

41.62 % 43.21"% 25.82° Al1B1
44.76 @ 42.83"% 21.69 % Al1B2
49.62° 41.01° 20.12° A1B3
35.65f 43.38 " 28.65 ° Al1B4
43.28 % 45.18"° 24.30 " A2B1
47.15"% 41.78 " 22.68 % A2B2
57.56 ° 40.50 © 21.39% A2B3
40.26 ° 49.32° 25.59° A2B4
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