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Figurel-Information of Rasht agricultural meteorological station during the study period
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Table3- Average chemical properties of irrigation water during the growth period

Pwﬁ u-:,;r o ,/T - re-:~\~7| re-:;a*;l .wdz ™ /I);J LSS | e
YF/FA Nin% «[a¥ \WAR a/.5 AR VYYD YVeo YYA- v/5
iy P55
g AR 5% f ool fl | s

B
e | T
g iy NI Ol Nlee oo
ol A A A Ae |
: ' (@
B
S | o IR
& I Zi Eih EEE
el ey | BT 5"
wie e f L} | |
ey

:D2 ¢ ng.os\a‘)! ‘:;'S.b) :D1 J.an )L»Aa." 5.93)9) lb).a..osﬂ @Lul’ g.u:.S,.o 9 lbo..\;;féoq “5&,.043% uv.ib) ‘6Mu; —TJS-w
(50930 @3 &5 P coglioe (5 bl ca oo il2 (oils G, (gHlul o pan:li (J3lyS b (hged¥ LaSa;
Figure2- Plot, mole drain, collectors and placement position of piezometers (D1: traditional mole drain,

D2: Gravel mole drain, 11: Flood irrigation management, 12: Alternative irrigation management,
P: plot and @ piezometer)

2 il gl 28 W) 5 (pwgmie Bl
Blas g 5Slas D1 jles [0 098 ol cvnlin (iSa)
Oty G ey rhaw 4 Cod Sl mlaw Bes
YA 5 YV &b 50 Jadjle oiSa) Egy L .cewlosls
] gl (2885 5l 59, S CdS Gl Gy g 0loys
5 Camloduny (6 5o Sl VY VD) S & o &ilo @

IR Gilsa e dlpd o ado ) dauwg Gos 5l o 5l Lo

WY

ooy g b
il | el Ol ot Aig

Sly ol 4 cas Sliw) mhaw Ol wg,
S8 e Jasple (o255 lej jo D2 g D1 slales
sl ,b 0 (V) IS Billas .l oalds ooy yLad (V)
VL ple cadSas b polde seols o Y g Vo, YN
(V) JSo b ol dslie g el sols &, e o A 5 VF
Wlosgs oLl Ol &dss 0 ol8 o iSa; a5 aso oo lis



IFY = Vol aoxio/ V€Y jul/ AY 0,lond/ Y093/ MiSR) 5 5, (51 05w cwige Ciliniod

) SB )0 et (Shgeddy (LIS a4 S sl S
oS cea Goc a Ailools i 1y T o a8 cenl g
Lawlio jo ypoile Fo) cow e b anslie ool

OS2 e 50 (53885 5l my ey R el @S
Syl Vo) g dda) degh Bos ((Fiw (SDgealy

Loyl (Sl o0gazme ol j0 5 dsjje ol ZS Gas aS

(ywoslw 00 (Tuohyetal, 2015) ) Son g o295 0,5 4,25 1) (55ls
Looad j shgeasy oiSa) o, Sles a5 &o,S (5,155
ED1 " D2

25 F

20

15

10
wll
0

33 1a s e ¥ lsga ¥

L yragies 58 ool o o e
s oY (5505 DL i B32) bslon (5505 59 i s s ¥ S
(U315 b sbgoal ik D2

Figure3- Changes in the watertable level in mid-season drainage (D1: traditional mole drain and
D2: Gravel mole drain)
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water in different treatments of mole drain in the crop year 2022-2023
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Continue the Table4- The results of the analysis of the variance of the quality parameters of drainage water in
different treatments of mole drain in the crop year 2022-2023
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Continue the Table4- The results of the analysis of the variance of the quality parameters of drainage water in
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Figure4- Changes in the acidity of the drain water exiting the drains in the investigated treatments during the
test period (D1: traditional mole drain, D2: Gravel mole drain, 11: Flood irrigation management, 12:
Alternative irrigation management)

sl g BB (29> Ol Gog o5 55 0l Sl
Loy i ar Sepscalae Gl (n S g G yiden
shde b fadolee ;0 D212 5 Jad bl ;5 DIIL oS &
15 el ele p mierjeSee ToVO o YAFO
JolS b (Shgeas¥ (1S5 (Jadobl g Jadilee (iS2;
S (hgedY Sl eS wey B 9 Vs S
JS i g, e 00,8zl S 1 U
RApovel FI) oy Jel=e
Olies (n%eS 9 (e S (o0 S (S rSlcolan
5 DUL e @y borye coipar Jolme Slaal> IS
VEA- 5 YEVO Jlake b Jadilo 40 D211 5 Jabbl

Lol yid g e S o

g, 3l Olowl>

VWV

2 by Jolore Slasle JS 5 (S pSUlcalae ol

Ol (7)) 5 (0) S 50 Juas)bl 5 ol (o285 oo
oyl ol lis )bl & @l el o ool
5 (il 5 Jaolen) (2505 o) 5 4505 5]
1 ol Jsbowe Slaaly 5 5 5,55 » ol iz S
(O JS5) (o2, ol (2 I olan 55 s i
Jead bl D212 D211 D112 D1 o oz ,2 0
Gl e 3 1Y gV e Y N G e Jadlee S
dor 0 29 oloy SpaSleglan aes o lis
2 FeBle p eienjg See Yoo boguoe jo b o
Ol (SopSlcslan 4 ooy bogame 4o a5 Cawl jlwg
Ol S Slleslan (ke b anslio 30,1 513 5 L]
W agam byl on gy o ola (S SUlculae (k]
olie gl S5 oY) Jsozr b illas o] ;2ions 0o

Sg (o il (pies 39,50 YIT-YAQ) (g0l &l



VEY = Yo aoiiof VE+ ¥ july) AF 0,loud/YE0,53/ uiShj 5 &kl £1b 0 uiiee Coliions

S Ciary
- o SO
e e
S S
s s
L S
e e
S S
s s
L S
- e e
S S
s s
L S
e e
S S
s s
L S
- Ebtyt e
S S
s s
L S
e e
S S
s s
L S
e e
- S A
s s
L S
e e
S S
s s
L S
e e
S S
- s s
L S
e e
S S
s s
L S
e e
S S
- et s
L S
e e
S S
s s
L S
i S
e o

skl 58 les

D2 g (Sigoad¥ (iSa; D1 Jols jlais | By ) hslol 8590 3 sy 3550 S )kond 10 Sloj (S Sy lan -0 JSb
(o9l kel :l2 (pils Sy 5Ll il Jgl )5 L g S
Figureb- Electrical conductivity of the water drain in the investigated treatments during the experimental
period (D1: traditional mole drain, D2: Gravel mole drain, 11: Flood irrigation management, 12: Alternative
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Figure6- Total dissolved solids of the drainage water in the investigated treatments during the experimental
period (D1: traditional mole drain, D2: Gravel mole drain, 11: Flood irrigation management, 12: Alternative

irrigation management)
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Figure7- Amounts of total suspended solids in drain water in the studied treatments during the experimental

period (D1: traditional mole drain, D2: Gravel mole drain, 11: Flood irrigation management, 12: Alternative
irrigation management)
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Figure8- The values of sodium absorption ratio of drain water in the studied treatments during the test period
(D1: traditional mole drain, D2: Gravel mole drain, 11: Flood irrigation management, 12: Alternative
irrigation management)
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Figure9- Sodium concentration values of drain water in the examined treatments during the experimental
period
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Figurel0- The total amounts of calcium and magnesium in the drain water in the investigated treatments

during the experimental period (D1: traditional mole drain, D2: Gravel mole drain, 11: Flood irrigation
management, 12: Alternative irrigation management)
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Figurell- The average concentration of ammonium in the studied treatments during the experimental period

(D1: traditional mole drain, D2: Gravel mole drain, I11: Flood irrigation management, 12: Alternative
irrigation management)
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Figurel2- The average concentration of nitrite in the studied treatments during the experimental period (D1:
traditional mole drain, D2: Gravel mole drain, I1: Flood irrigation management, 12: Alternative irrigation
management)
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Figurel3- The average concentration of nitrate in the studied treatments during the experimental period (D1:
traditional mole drain, D2: Gravel mole drain, I11: Flood irrigation management, 12: Alternative irrigation
management)
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Figurel4- The average concentration of phosphate in the studied treatments during the experimental period
(D1: traditional mole drain, D2: Gravel mole drain, I11: Flood irrigation management, 12: Alternative
irrigation management)
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Figurel5- The average concentration of Sulphate in the studied treatments during the experimental period

(D1: traditional mole drain, D2: Gravel mole drain, I1: Flood irrigation management, 12: Alternative
irrigation management)
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Figurel6- The average concentration of chloride in the studied treatments during the experimental period
(D1: traditional mole drain, D2: Gravel mole drain, 11: Flood irrigation management, 12: Alternative
irrigation management)
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Introduction

It is possible to effectively control water in paddy fields, prevent flooding problems, and create optimal
conditions for the growth of agricultural products with simultaneous and correct management of irrigation and
drainage. Due to the high initial cost of the construction of subsurface drainage, Mole drainage is a suitable and
more economical alternative in clay soils. Constructing the mole drain at a critical depth and passing the water
through the cracks, improves the soil conditions and removes excess water from the soil surface. Mulqueen
(1985), reported that gravel mole drain is a suitable alternative to traditional mole drain. Considering the limited
studies in the field of mole drainage, the purpose of this study is to evaluate the performance of low-cost mole
drainage for draining excess water from paddy fields and its environmental effects. Therefore, the effect of
traditional mole and gravel mole drain on drainage water quality and control of the water table of paddy fields in
the mid and end of rice season was investigated.

Materials and Methods

The experiment was conducted in the agricultural year of 2022-2023 in the research farm of the Faculty of
Agricultural Sciences, University of Guilan (IRAN). The split-plot experiment was implemented in a randomized
complete block design in three replications under the main drainage treatment on two levels: (1) Traditional mole
drain (without gravel) and (2) Gravel mole drain and the sub-treatment of irrigation method in two levels: (1)
Flood irrigation and (2) Alternative irrigation. In the stages of tillering and harvesting, mid and end season
drainage were done respectively. During the drainage period, the water table was measured with a piezometer.
By sampling the drainage water, its quality parameters including acidity, electrical conductivity, nitrate, nitrite,
phosphate, sulfate, chloride, total suspended and dissolved solids, sodium, calcium, magnesium, and ammonium
were measured. The results of the investigated treatments were statistically analyzed using SAS software.

Results and Discussion

With the start of mid season drainage, after one day, the water table reached the middle of the soil profile and
more than half of the root development depth was in anaerobic conditions. Five days after the drainage in the
traditional mole drain, the depth of root development was in aerobic conditions. The highest value in average
acidity and sodium adsorption ratio was 6.99 and 4.65 meq/| respectively in mid season in gravel mole drain and
flood irrigation. The highest concentration of ammonium and nitrate in mid season drainage was 0.20 and 0.21
mg/l, respectively, and the highest average electrical conductivity and total dissolved solids at the end season
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were 3845 uS/cm and 2475 mg/l, respectively, in traditional mole drain and flood irrigation. In mid and end
season drainage, the amount of total suspended solids in the mole drain with gravel was 60% and 88% higher
than the traditional mole drain, respectively. The highest concentration of nitrite was obtained in the gravel mole
drain and flood irrigation with a value of 6.75 mg/l during mid season drainage. The average concentration of
phosphate and sulfate in gravel mole drain compared to the traditional mole in mid and end season decreased by
25 and 30%, respectively, and sulfate by 3 and 5.5%. Also, the average concentration of chloride in the gravel
mole drain was lower than the traditional one.

Conclusion

The comparison of results indicated that the average amounts of electrical conductivity, total dissolved solids,
sodium adsorption ratio, sodium, ammonium, phosphate, sulfate, and chloride of drainage water in mid and end
season were lower in gravel mole drain than that in traditional one. The results of statistical analysis showed that
the treatment of drainage, irrigation, and time at the level of one and five percent were effective on most of the
parameters, while the values of electrical conductivity, total dissolved solids, and nitrite of the drainage water
showed that their difference was not significant. The traditional mole drain was more successful in controlling
the water table. A comparison of the quality parameters of drainage water with the standard of the Iranian
Environmental Protection Organization for the discharge of drainage water into surface waters showed that most
of the parameters, except for ammonium and total suspended solids, were within the permissible limits.

Keywords: Drainage water quality, Heavy soil texture, Mid and end season drainage, Water table
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