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Extended Abstract

Introduction

Hydraulic jump is a type of rapidly varied flow in which the flow transitions from supercritical to
subcritical. Incorporating rough beds at the channel bottom leads to the maximization of energy dissipation,
resulting in a significant reduction in conjugate depth and roller length. These results have important
implications for the cost-effective design of stilling basins, which commonly encounter hydraulic
jumps.one feature that has attracted the attention of researchers studying jumps on rough beds is the
velocity profile of the jump on rough beds. In this research, the effect of the arrangement of submerged
vanes on the velocity profiles of the hydraulic jump in a stilling basin was measured for Froude numbers
ranging from 4.8 to 9.14.

Methodology

Experiments were conducted in the hydraulic laboratory in a rectangular channel with physical
dimensions of length 8 m, width 0.4 m, and height 0.6 m. Submerged vanes were used as roughness
elements on the bed of the laboratory channel. These vanes are made of Teflon, and the geometry of a
submerged vane, including its width (w), thickness (t), angle of attack (0), and vane length (L), is one of the
parameters affecting the characteristics of the hydraulic jump. For measuring the flow velocity, an
instrument called a Pitot tube was used. In the present study, for 12 experimental models, velocity was
measured at five cross-sections along the width, and at three points across the width in each cross-section.
Measurements were taken at five points along the depth, with equal spacing ratios from the channel bed to
the free water surface, and the readings were averaged across three different widths.

Results and Discussion

In general, the maximum velocity value decreases with distance from the beginning of the jump and
occurs at a lower depth from the water surface. The bed with submerged vanes causes a reduction in the
flow velocity magnitude, and its maximum value occurs at higher points compared to the classical jump.
The significance of the non-dimensionalized velocity graphs lies in comparing the growth of the boundary
layer across the cross-sections. The average value of &/b is 0.62 and 0.72, and for 50 < x/D1, the ratio d/b
lies above the average line. Due to the low effect of turbulence and secondary currents caused by the
presence of submerged vanes, the boundary layer thickness is greater in regions of calm flow (areas with
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lower velocity). At values less than 50, the ratio 6/b decreases compared to the average line. The results
showed that the value of the non-dimensional boundary layer thickness parameter, 8/b, was 0.72, which
was highest in the parallel arrangement of submerged vanes at an attack angle of 75° compared to angles of
45° and 90°. Meanwhile, this value was obtained in the butterfly arrangement with an attack angle of 45°
and increased from 0.56 to 0.01 compared to what other researchers have obtained.

Conclusions

Therefore, the best characteristic for the non-dimensional boundary layer thickness parameter, /b, on
artificial roughness was achieved with the butterfly arrangement and a 45° attack angle of the submerged
vanes, which proved to be an influential factor. In contemporary hydraulic jump research, the use of
advanced techniques, such as machine learning tools and numerical simulations using Computational Fluid
Dynamics (CFD), is increasing. Simulating hydraulic jumps with CFD is a complex task and requires
careful attention to turbulence modeling, grid accuracy, boundary conditions, and various other factors. It is
essential to employ advanced techniques for comprehensive three-dimensional (3D) velocity and bed shear
stress measurements. Conducting turbulence analysis will contribute to a more refined understanding of the
underlying flow dynamics. Furthermore, the challenge of hydraulic jump stability on adverse slopes
persists. Introducing roughness elements and sills can enhance hydraulic jump stability on adverse slopes.
Investigating the potential effects of scale in such conditions is necessary.
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Table 1 - Specifications of the submerged plates used in the channel bed
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Fig. 3 - Depth-averaged velocity profiles along the stilling basin in the experiments
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Extend Abstract
Intouduction

Water scarcity is one of the biggest challenges facing the agricultural sector in many parts of Iran,
especially in arid and semi-arid regions. Increasing agricultural water productivity is not only a solution, but
also an absolute necessity. Although solutions such as increasing the area under cultivation and increasing
yield per unit area, optimizing agricultural inputs, controlling population and optimizing consumption, and
increasing imports have been proposed to address the challenge of food security, each of these cases has its
own implementation limits (Nouri et al., 2023; Garofalo et al., 2025). Crop models are considered a valuable
tool for the integrated simulation of processes affecting crop growth and for the evaluation of crop
management options (Mabhaudhi et al., 2014; Wallach et al., 2019). Crop models that can accurately estimate
various parameters of crop growth, soil water dynamics, crop water use and expected yield under different
irrigation levels can also be a fundamental aid for the successful implementation of irrigation management
practises with limited and full irrigation (Sandhu & Irmak, 2019). Therefore, the aim of this study was to
calibrate and then evaluate the AquaCrop model to simulate the yield and water productivity of forage maize
under furrow and tape irrigation in the arid and semi-arid regions of Iran (Alborz province). In addition, the
ability of the model to simulate the yield potential of forage maize under agricultural management in the
study fields was evaluated.

Methodology

The data required for this study was collected in 2016 on farms in the province of Alborz. The farms
were visited in coordination with the management of the Agricultural Jihad and were examined and selected
taking into account the parameters required for the study. Three farms were selected in the city of Karaj, one
in the Seifabad district, one in the city of Hashtgerd and one in the village of Haji Abad. The farm in Karaj
was divided into three different sections due to its larger area, different cultivation dates and different
irrigation schedules. Since understanding the current situation is one of the most fundamental planning steps
for evaluating and providing solutions to improve any system, this study was conducted in the form of field
experiments and field farms with the aim of investigating and estimating the current status of irrigation water
productivity under farmers' management, and the potential for growing forage maize in Alborz province.
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Water resources, the cultivated area, total irrigated land area, soil texture, soil salinity, and irrigation water
salinity in each farm were investigated and measured. Additionally, some farm characteristics such as area,
precise GPS location, irrigation method, irrigation water source, timing of water withdrawal and variations
in withdrawal flow rate throughout the year, network type, and operator characteristics were recorded using
compiled information recording forms.

Results and discussion

The results for the average yield of fresh forage corn were 49.12 tons per hectare using furrow irrigation
method and 60 tons per hectare using tape irrigation method. In furrow irrigation, the highest fresh crop yield
was obtained at Karaj farm (2) with 60 tons per hectare and an irrigation water productivity of 6.61 kg/ms.
The lowest yield was recorded at Karaj farm (3) with 35 tons per hectare, while the lowest irrigation water
productivity was at Karaj farm (1) with 4.24 kg m3. The highest irrigation water productivity, 13.4 kg m3,
was observed at Hajiabad farm using tape irrigation. Therefore, tape irrigation is recommended for optimal
water resource utilization. The study also showed that the RMSE index was 2.44 tons per hectare, and the d-
agreement index was 0.947, indicating the AquaCrop model's ability to simulate corn fresh weight accurately
in the study area. There was a strong correlation between simulated and measured crop yield values, with a
coefficient of determination of approximately 0.95. The relative error (RE) was 3.7%, which is considered
acceptable.

Conclusion

The results demonstrated that the AquaCrop model has a strong capability to analyze various
management scenarios, predict performance under water-limited conditions, and optimize irrigation patterns.
From a management perspective, the findings suggest that agricultural policies should shift focus from the
"land productivity" index to the "water productivity" index. Additionally, providing practical training for
farmers, promoting modern irrigation technologies, and utilizing simulation models like AquaCrop can play
a crucial role in reducing water waste, enhancing crop yield, and ensuring sustainable production. Ultimately,
implementing these strategies will not only improve water productivity but also serve as an effective step
toward protecting water and soil resources and ensuring long-term food security.

Keywords: Crop yield potential, Furrow irrigation, Tape irrigation, Water productivity, Water use
management
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Table 3- Physical and chemical properties of farms soil
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Table 4- The silage maize yield harvest rate in selected agricultural farms of Alborz Province
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Table 5- Inputs and values of crop parameters in the calibration and evaluation of the AquaCrop model for maize
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Table 6 - Comparison of measured and simulated crop yield with the AquaCrop model
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Extend Abstract

Intouduction
Drip irrigation is recognized as one of the most efficient methods for irrigating orchards and vineyards

in arid and semi-arid regions. This study investigated the effects of two irrigation methods, surface drip
irrigation (DI) and subsurface drip irrigation (SDI), on yield, water productivity, growth parameters, and
weed development in grapevines. The research was conducted in 2020 and 2021 at the Research Station of
Bastam, Semnan Agricultural and Natural Resources Research and Education Center, Shahroud, Iran.

Materials and Methods

The study was designed with two factors: irrigation method (surface and subsurface) and different
irrigation water amounts (50%, 75%, and 100% of the plant’s water requirement). A split-plot experiment
based on a randomized complete block design with three replications was carried out. In the surface drip
irrigation method, lateral pipes were placed 50 cm far from the tree trunk on the soil surface, while in the
subsurface drip irrigation method, the lateral pipes were placed 50 cm far from the tree trunk and at a depth
of 40 cm under the soil. Irrigation water was calculated using the Penman-Monteith method, and plants
received irrigation every 3 days based on the designated water levels. The study examined the effects of
experimental factors on crop yield, water productivity and growth characteristics of trees including the
longitudinal growth of branches and their diameter were investigated in different treatments.

Results

The results showed that the effects of irrigation method and irrigation water amount, as well as their
interaction effects, on fruit yield were significant at the 5% level. The effect of irrigation method on weed
growth was also significant; however, the individual effect of irrigation water amount and its interaction with
irrigation method did not significantly affect weed growth. The maximum fruit yield was obtained from the
subsurface drip irrigation treatment combined with 75% and 100% of crop water requirement (51,600 and
53,080 kg ha™, respectively). The yield difference between these two treatments was not statistically
significant. The yield difference between subsurface drip irrigation and surface drip irrigation methods was
approximately 12%. This indicates that a portion of the water applied to the orchard is lost through surface
evaporation and is also used by weeds.
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Conclusion

Considering the performance of the treatments and the need to conserve water, the subsurface drip
irrigation method with 75% irrigation water is recommended as the best treatment for grape orchards. This
method ensures higher water use efficiency and reduced weed growth, while maintaining an adequate crop
yield.

Key words: Drip irrigation, Grapevine, Irrigation management, Water productivity, Vineyard
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Table 1. Physical and chemical properties of the soil of the experimental orchard
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Table 2. Results of the qualitative analysis of the water used in the research
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Fig 1. Subsurface drip irrigation system in vineyards (Bastam Agricultural Research Station)
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Table 3. Combined analysis of variance of grape yield
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Table 4. Combined analysis of variance of grape growth data (mean squares)
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Table 5. Analysis of variance of weed growth data (mean squares)

(05) Sss 35 (05) # 039 &35l @y et gilie

Dry weight (g) Fresh weight (g) Degrees of freedom Sources of variation
AN AY[-YA TS ) (y) J
FoV/¥¥a VESOIAY ¥ (Rxy) Jlo x 51,85
YoM Ivae Javsa /vy \ (A) okl g,
DAN av/ey \ (Y x A) Jlo x 55kl oo,
VAS - [od s VFVYY/YY ns Y (B) ol il i
DAN YAY/-YA Y (YxB) Jlo x (g bl ol jlusio
YOVS/VY DS YAVEY/\QF ns Y (AXB) (o)ll Ol jlsde x gyl g, Jiléze i
AN YoV/FY Y JUo x oyll O jlsde x oyl oy, Jolize I
(yxAxB)
AAY/YO0 VIY- /523 v s
o Js
YY/AA \R2AS [CJUVES FUTRW.

Loodly 355 ) ize 9 NS 5 ko> iy 5 S mhaw ) (D51 J1 Gize [}l s Sy e

5o 0gue 0,8les 4 Q2 o lid (F) Jgu ol
Gloykad ogy 4y Comnd (b gloylad (55lal (s,
o,Slos yiolidl b ojle iulidl as )0 VY sgus  xaw
Gl Bim s 4 Yl (o o) glojhad 5, 50
5 yeien ol ogenld e slacale (ST ralS s
L iosl ol b el LSl gy 2 ad, Lyl
> Slges ol Kags K
6“’)“49 6)L.j 09 )| oolawl  wilaxes u‘ KO 95
890 78 O3l o L5 a5 55551 Glagls jo (a5
Sl 50 slacile 0k, alS s Sl 2alS o]
[(Pisciotta, 2017) 543 oo Jyame CuisS 50 ,Slos

RPN slaazsl

¥y

(1 (255 ko s lio) 0900 8, 5os 32 b ylond 51

3 ogee 8bes slaepSle dlie () Jooo
sz ol s sl am o i |, s gla e
aops Voo g VB el o e b o legs o Slas oy
5 £ «Jsl L) 9,00 s925 (5 losime IS (T 5L
4 Y0 5l )bl O Jlake Gralidl b aiz po (oS po a2
Lol jo o, Slee cnl adly o]l o Sles duopo Vo -
VO e 90 b gyl sme S LT 5Ls oy B¢ lake
Wby sl ;o o Sles oS (ulojls wops Ve e
s o s (Jolini 2006) il ol (oyiin cad
s 5 ol zlo 5.0 (Sherenetal., 2017) )l Ko
25590 gl o kel OF Gl b aisS o plaims ()]
b oo il o Slos



EA-YY 4o/ V€40 ylumo; [V + ) 0 )lowd/ Y\ 0,95/ ouiSR) 9 (55l (S0 5 cwikige oo

0ga0 3,50as 1 W ylowd 51 -1 Jous
Table 6. Effect of treatments on fruit yield
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Table 7. Mean comparison of the interaction effect of irrigation method and water amount on fruit yield
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Table 8. Effect of treatments on annual shoot growth (shoot length)
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Table 10. Effects of treatments on annual growth of shoot diameter
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Table 11. Mean comparison of the interaction effect of irrigation method and water amount on shoot diameter
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Extend Abstract
Introduction

In order to increase water productivity, the use of modern methods of pressurized irrigation is one of the
effective solutions. These methods can play an important role in conserving water resources by reducing
water losses, increasing irrigation efficiency and allowing more accurate management of time and amount of
applied water. Sprinkler irrigation is one of the suitable options for wheat fields in semi - arid regions. The
Rain flat sprinkler irrigation system as a relatively new sprinkler method, requires less work pressure than
conventional sprinkler methods and therefore energy consumption decreases. In addition, installation and
operation of this system is simpler and faster and can be an appropriate option for irrigation management in
water deficit conditions. Therefore, due to the limited water resources in Semnan province and the importance
of wheat production and also for introducing the Rain flat sprinkler irrigation system, this study was
conducted to investigate the effect of irrigation interval and different levels of water supply on yield and yield
components of wheat.

Methodology

The aim of this study was to investigate the effect of irrigation interval and different water levels on
yield and yield components of wheat in Rain flat sprinkler irrigation method for two years. The experiment
was conducted as a split plot in randomized complete block design with three replications in Shahrud
Agricultural Research and Education Center. Three irrigation intervals (4, 5 and 6 days) were allocated to
main plots and three irrigation levels (100,80 and 60 %) in sub plots. Sprinkler irrigation pipes were placed
at 4-meter intervals between planting rows. The length of planting rows was 8m. By using the Penman -
Monteith method, water requirement of the plant was determined. At the end of growing season, wheat was
harvested and yield was measured in each plot. Yield components including plant height, thousand grain
weight and grains number per spike were determined for all treatments. Harvest index was calculated from
the division of seed weight to total weight of vegetative and reproductive organs.

Results and Discussion

Results showed that the highest grain yield was achieved in irrigation interval of 4 and 5 days whereas
irrigation interval of 6 days decreased yield. The effects of water supply, the treatments of 100 % and 80 %
water supply had the highest yield and the 60 % water supply had the lowest yield. Therefore, it is possible
to reduce water supply from 100 to 80 percent without significant reduction of yield, but decreases from 80
to 60 percent decrease grain yield by 39.17%. The interaction of interval and water supply showed that 4
days with 100 % water, 4 days with 80 % water and 5 days with 100 % water had the highest yield. The
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lowest yield belonged to 6 days with 60 % water, indicating a decrease of up to 60.35 % in adverse irrigation
management. The highest plant height, grains number per spike and thousand grain weight was obtained in
4 days irrigation interval, but there was no significant difference between 4 and 5 days in grain yield and
harvest index. Also, plant height, grains number per spike, thousand grain weight and harvest index were in
the treatment 100 and 80 percent of water supply in the top group, while reducing water supply to 60 percent
reduced the yield and its components significantly. The results show that in Rain flat sprinkler irrigation
system, with appropriate management of irrigation interval and irrigation interval equal to 5 days and
supplying 80 % water requirement, both yield and yield components can be maintained in desirable condition,
while increasing irrigation interval or severe water reduction, both lead to significant decrease in yield and
yield components.

Conclusions

The results of combined analysis showed that irrigation interval and its combined effect with water
supply level had a significant effect on most of traits. The highest plant height, grains number per spike and
thousand grain weight was recorded in 4 days irrigation interval, but there was no significant difference
between 4 and 5 days in grain yield and harvest index. Also, plant height, grains number per spike, thousand
grain weight, grain yield and harvest index were in 100% and 80% water supply in a statistical group, while
reducing water supply to 60% reduced grain yield by 17.39%. Based on results, irrigation interval of 4 and 5
days with 80% water supply was the most suitable management to maintain wheat yield by reducing water
use. The results of this study indicate that optimal water management in wheat cultivation can be achieved
without yield reduction by reducing irrigation water by 20 percent and adopting a 5-day irrigation interval.

Keywords: Deficit irrigation, Harvest index, Irrigation interval, Plant height, Rain flat
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Table 3 - Combined analysis of variance for grain yield and yield components
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Table 4- Comparison of the average grain yield and yield components
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Table 5- Water consumption and comparison of the average interaction effect of irrigation interval and water supply
level on grain yield (kg/ha)
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Table 6- Comparison of the average interaction effect of irrigation interval and water supply level on plant height

(cm)
Wi .
g Skl 499
Water level (%) T
Irrigation interval (day)
100 80 100
SYIN vv/.P Ya/A? ¥
£0/09 vy/Ad Y¥/ac 0
£y/sh AN v-/\e 5
Gl Hl> Lz BB 339 (gline 4 dlasl g9y gliio By (gt yo )
(2o S5) 6 loline b 4y s O el ao o alidow 30 4ils oluss

oA g Vee gl les (V) Jgoo) conl Jho alo olans ol ay alws jo ails slaas a5 sl lid il lg & 5

ardls 1y slaws o yidon aliiw 0 Ao FY 5 FO L o )lol  o)ls 15 o,lul slojes il con (hoye SO lolins
o log a5 Jbo o sl s bl (bl Sglis 5w o byylaws a5 ol ol oSl duglie (¥ Jsaz)
Gl ool ylid 1) Jlade (pyieS wlo YV L g)lal soje gy e (sae FF) asls olaws o yien 5,10 1,8 g bl 09,5
Gkl @ and OF sl ops Yoo 2alS (F Jguz)  (sas YO) ails slaws a8 5 059, Ll )bl oo
SalS Lol el aslas (sl cne il lel Ll 51 JalS ails slaw L2als (F Jouz) ol 0)9, Lsinds 599 41 bogs o
ool 0l &l sl pRelizr Aol crge wo)3 P a4 i 4 o) ez 90 A S g, b g iy slyge 0
oyl (Hajiabadi et al., 2021 & Ebrahimi et al., 2018) 55,0 4 Cos jg, (i 90 L2olS g oo,0 V4/2 3 4/10
Sgaze ol Colan rals i, al, rels 5l ab 31 alols iulidl 5e, e hwgie jeb 4wl doys VV/AY
Martinez et ) <ol j5,b sloaxls joals s jiwgis ad #IA Joles) aliw [0 aily 4w gals 4 e )Ll
ol Ol el do s g 590 blite 51 gy @1, 2007 usbs) Cusgame 5 kel Aol 2l 5ed oo (2o
lajloss 4 Loy po aliiw p3 ails olanl iy S was o Rl 1) (S 535 90 Jobo 5 s ge ol |, S
039> & 399 321 mel dyd A gV e Liojs; ez 593 LS s 25l i 5 (58, 4Bl Sl pe 43 4 5 e
g (@l F7 o FY FA 55 a) casl ST ooy Vv b (Dolferus, et sgi o auie slaalons iol33l g ails slaxs
o biojy, Lid gz (Lo y90 4 bgs ye ails slaws o y1eS al., 2013 & Karimi Dastgerdi, et al., 2021).

OA



AiS 5,Slos (gl5a g 3,5os g O o S pto 53]

Folewd ,0 a5 wad oo als oo malS a4 e Ol Wi, (Y Jgaz) (Wls YA 5 YY) canl O u_..ob WIS

Y NP RN g,fl KW u.».ol.s Ao, suals (ol a0 G o wes e lid Ol s

Aiaw y3 &l 31an 52 (6Ll s 9 595 Jilite 51 (ke Baylie - ¥ Jgoa
Table 7- Comparison of the average interaction effect of irrigation interval and water supply level on seed number per

spike
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Extended Abstract
Introduction

Water deficit is a common stress in potato production that leads to a decrease in tuber quality and
yield. Potato plants are sensitive to water deficit stress, and sufficient water availability is essential to
increase the quality and quantity of potato tubers, so the aim of this study was to achieve superior cultivars
in terms of agronomic traits, marketability, adaptation to regional climatic conditions, and water deficit
stress tolerance, and to determine water use efficiency in potato cultivars under low irrigation conditions in
Ardabil region.
Methodology

In order to evaluate a number of superior potato cultivars, an experiment was conducted in 2024 and
2025 at the National Potato Research Station farm located in Ardabil. A total of 16 high-yielding genotypes
and cultivars with different uses (Chips, French fries, Starch and Fresh consumption) were investigated in
this experiment. The experiment was split-block based on a randomized complete block design with three
replications. The horizontal plot included three irrigation levels (100, 80, and 60 percent of crop water
requirement) and the vertical plot included 16 potato genotypes and cultivars. The tubers were planted in
rows with 75 cm spacing and 25 ¢cm plant spacing, and a planting depth of 10 cm. The irrigation method
was drip (tape) and according to the schedule based on the desired treatments. The amount of water
entering each experimental plot was measured with a water meter. The water deficit stress tolerance index
(STi) was calculated in potato cultivars .

Results

The results of the analysis of variance of the studied traits showed that there were significant
differences between the levels of water deficit stress, genotypes, the interaction of genotypes and year.
Also, the interaction of water deficit stress and genotypes, and the three-way interaction of water deficit
stress, genotypes and year in terms of the traits of tuber yield, tuber weight per plant, and water use
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efficiency, and between the levels of water deficit stress, genotypes were significant. The highest tuber
yield, tuber weight per plant, and water use efficiency under normal, mild stress, and severe stress
conditions were found in genotypes 1043, Eurostarch, and Javid. The decrease in tuber yield under mild
stress conditions was 12 percent and 28 percent under severe stress conditions.
Conclusion

Water deficit stress tolerant cultivars had fewer tubers but larger tuber sizes. Tuber dry matter
percentage and water use efficiency increased in water deficit tolerant cultivars under mild and severe
stress conditions. Based on the stress tolerance index (STi), G1043 genotype, Eurostar, and Javid cultivars
were selected as tolerant genotypes to mild and severe stress .

Keywords: Potato, Water use efficiency, Water deficit, Quality traits
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Figure 1- Potato experimental farm with drip irrigation (tape)
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Table 1- Studied potato genotypes and their important characteristics
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Table 2- Chemical properties of the soil at the test site
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Potassium
6.88 Zinc (ppm) 42 ghedl 2oy
' » Saturation Percent
. |
6.92 [ron (ppm) gyl 4.05 _6‘“’ o
Lime Percent
7.4 Copper (ppm) e
15.04 Manganese (ppm) 5 078 oS e
Organic Carbon Percent
_ _ 007 Jsu)ﬁﬁ Lo)d
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Table 3- Aplied water at different potato growth stages and irrigation treatments (m® per 11.25 square meter area)

60% 80% 100% Sl Jolye
Irrigation stages
60 80 100 planting c.ls
90 120 150 Cogi b ) gljodd g9y b cudls
Planting till beginning of tuberization
120 160 200 [FYRTS C,J:bﬁ L uil)'a,\r— &5)*:’

Beginning of tuberogenesis till the harvesting of the tuber
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Table 4- Effective rainfall (m® per 11.25 square meter area)

2025 2024 Month oL
0.67 0.58 May cuigs)
0.47 0.35 June s
0.32 0.20 July ,s
0.00 0.00 August sls,.
0.00 0.00 September g, 503

i Qoo Olaypo (1l (L) el =0 Jgaa
Table 5- Expected mean square of variation sources

_ Bl o
- Expected mean square Slag po (b (o5b ) suol Source of
Variation
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + 3 Var(y*r*b) + 9 Var(y*b) + 16 Var(y*r*a) + 48
Var(y*a) + 48 Var(y*r) + 144 Var(y) y
Var(Error) + Var(y*r*a*b) + 3 Var(y*r*b) + 16 Var(y*r*a) + 48 Var(y*r) y*r
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + 16 Var(y*r*a) + 48 Var(y*a) + Q(a,a*b) a
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + 16 Var(y*r*a) + 48 Var(y*a) y*a
Var(Error) + Var(y*r*a*b) + 16 Var(y*r*a) y*r*a
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + 3 Var(y*r*b) + 9 Var(y*b) + Q(b,a*h) b
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + 3 Var(y*r*b) + 9 Var(y*h) y*b
Var(Error) + Var(y*r*a*h) + 3 Var(y*r*b) y*r*b
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*b) + Q(a*b) a*b
Var(Error) + Var(y*r*a*b) + 3 Var(y*a*h) y*a*b
Var(Error) + Var(y*r*a*b) y*r*a*b

sl 005 485 Jla5 )3 ol it gty Jlo g Cub e liedr oS (AT gokaw 5 pB)
Cultivars and water deficit stress are considered as fixed variables and year as random variable

Cllojl Jlw 93 (b (eSS (S lond 53w jimmw @] anlllaa 3,50 Sl ilay o (ile —T Jga>
Table 6- Mean squares of studied traits of potato cultivars in water deficit stress treatments during two years of

experiment
a4 Meen Square Ol w5l
U 1 s Sg1 4300 o Wgs )d B Bl &g 813-4)
Source of Variation Degree os Tuber weight Number of Plant height
of Tuber yield er plant tubers per
Freedom perp plant
JuwYear (Y) 1 348.3 238116.15 0.011 245.68
Error 1 4 435.6 106783.68 0.056 1492.26
Water Deficit Stress (A) iS5
) 2 6422.1* 353726.93** 16.89** 2244 1%
s
Y x A 2 27.8 18119.21* 0.037 43.38
Error 2 8 16.8 3844.57 0.377 238.87
Cultivars (B) 0, 15 10179.1% 282070.49* 28.934* 1892.31**
Y xB 15 58.5* 24780.70* 0.020 0.498
Error 3 60 32.8 13577.14 0.149 3.317
AxB 30 20.5% 8064.14#* 21.44# 234/00%*
Y xAxB 30 15.5* 6018.63* 0.122 1.97
Error 4 120 9.6 3813.00 0.998 15.39
Coefficient of variation (%)
- 10.21 10.8 1041 6.57

(303) oy g 35

. *and **: significance at the five and one percent probability levels 1o, G 5 g Jlis! mdaws 3 (yl5 dme % o *
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Continued Table 6- Mean squares of studied traits of potato cultivars in water deficit stress treatments during two
years of experiment

5 gl Ay Meen Square (M.S.) &la po puSilue
Source of Variation (S.0.V.) ‘; i ; ( ) ©lasye S
L] ) Suid B ]
(DF) kol Bluslas  Gyae ) B3lowo)d b pasld
.F. ) - 2 Z
Degree gl <! Tub°er dr Sy
of Number of main ~ Water use matter y Leaf area

Freedom  stems per plant efficiency percentage index
JleYear (Y) 1 0.003 10.79 0.021 0.013
Error 1 4 0.055 14.64 0.072 4.187
Water Deficit St A)

/ater Deficit Stress (A) i 2 25.323% 11.11% 19.68+ 208.107°
IS
Y x A 2 0.022 0.22 0.021 0.165
Error 2 8 0.49 0.31 0.013 0.128
Cultivars (B) &, 15 3.987= 24.34% 17.07* 31.47%
Y xB 15 0.011 2.25% 0.017 0.294=
Error 3 60 0.077 1.15 0.022 0.115
AxB 30 1.899% -0.99#* 1.193# 3.525=
Y xAxB 30 0.012 0.23* 0.017 0.260*
Error 4 120 0.101 0.36 0.034 0.109
Coefficient of variation (%
(%) - 7.51 10.69 5.86 8.35

(M,b) Q‘mﬁjh"\.’{)ﬁé

. *and **: significance at the five and one percent probability levels
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Table 7. Mean comparison of studied traits in water deficit stress treatments and potato cultivars

o Qg poab Dl o e ) b
g slay,) F P00y 80 . ..
Plar?iﬁeig;ht ’t\luubrgpse;l:’)grf Tuber "l"e'%ht per Tubemi Cultivars e, Irrfg)abfvi‘on
plant plan level
82.26 ab  10.46 ghi 953.00 a 48.62 Ab 1043 ). ¥y
71.35 ef 8610 kimn  750.30 cd 37.29 Efg Savalan Y5l
60.21 Im 7990 mnop 637.00 fghijk 31.02 ijklmno Rona by,
84.60 a 11.07 bcdefgh 708.60 de 34.60 Fgh Agria L 31
80.02 bc  12.20 ab 977.40 a 47.90 A Eurostarchg s, s
65.80 ghi  12.47 a 656.70  efghij 32.00  hijklm Larisa Lus,¥Y Loy Voo
59.77 Im 7.790 nopq  788.40 c 38.59 E Takta bss B o
76.43 cd 12.07 abc 792.60 c 38.80 De At00sa Loyl oaliiu!
68.04 efg 10.42 ghi 656.40 efghij 37.20 hijkl Prince .o, 100% of
5398 opg 1181 abcde 88020 b 4389  Bc Javid ol (e DIANLS
61.20 jkl 10.60 fgh 875.80 b 43.74 Bc Roza 1;, water
50.25 grs 7.190 opgr  617.50 ghijkilm  30.77  jkimnop Jely J>
5449 opg 8190 Imno  633.90  ghijkl 31.28  hijklmn Serga 5,5
5470 nopg 8.610 kimn  561.50 mn 2790  nopgrs Arsenal bl
5125 pgrs 10.21 hij 588.80 jkim 29.05 mnop Babylon skl
5494 nop 11.35 abcdefg 564.90 Imn 28.02  nopgrs Rilana tM,
59.04 Imn  11.00 cdefgh 869.90 b 42.13 Cd 1043 \-¥Y
62.52  ijkl 7790 nopg  679.70  efg 24.05 ghij Savalan ;YlsL.
52.19 opgrs 12.00 abcd 665.40 efgh 33.04 hijkl Rona t,,
77.75 c 9.410 ijk 559.30 mn 27.64 opqrst Agria 51
72.12 de 1241 a 812.20 bc 40.49 Cde Eurostarchg kg, s
6040 klm 1181 abcde 594.00 ijkim 28.90  mnopq Larisa LY :
64.96 ghij 11.00 cdefgh 660.60  efghi 33.01 hijkl Takta Lss "’Lﬁp Aé
69.23 efy 11.00 cdefgh 705.20 def 34.43 fghi At00sa Lugl "530% “3}
68.56 efg  4.790 S 581.70 klm 28.25 nopgr Prince .o, the plant's
5412 opgq 7.790 nopg  752.70 cd 37.60 Ef Javid sl available
5595 Mno 9.000 kim  646.70 efghijk 3229  hijkim Roza 5, water
3891 Wx  11.01 cdefgh 436.80 qgrst 21.59 WXy Jely >
61.14 JKl 11.22 bcdefgh 471.90 pars 23.53 UVWX Serga 5,5
5596 Mno 7.400 opgr  483.10 opgr 23.79 uvw Arsenal Jlu,l
53.58 Opgr 6.80 qr 500.40 nopqr 24.76 rstuvw Babylon skl
5449 Opg 6.99 par 487.70 opgr 24.28 tuvw Rilana b,

Yo
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pf\;ﬁ”iﬁ?" Numg;tf of tubers per Tubzr)weigh‘t)ger -F:;;m Cultivars o, ‘__;,lg._gi
ght plant plant Irrigation
level
63.02  hijkl 10.80 efgh 686.90 defg 33.27 hijkl 1043 y.¥y
76.69 c 1041 ghi 584.00 Klm 28.96  mnopq Savalan ;,Ylsle
49.43 rst 11.24 bcdefgh  507.20 nopq 25.20 rstuv Rona Uy,
64.80 ghijk 7.690 nopqr 434.80 rst 21.85 VWXY Agria 31
67.02  fgh 10.49 ghi 674.00  efgh 33.60 hijk ~ Eurostarchz,kuls,s
53.64 opar 8.190 Imno 495.00  nopgr 24.70 stuvw Larisa Lw,Y i
50.67  pars 10.87 defgh 51080  nop 2547  qrstu Takta Lss olaep?
8395  ab 1173 abcdef 60420  hijkim  29.88  Imnop At00Sa Ll EL‘(‘)‘;;‘ LO}}‘E
54.11 opq 8.00 mnop 444.00 pars 21.37 WXy Prince o, the pfant's
4519  tuv 10.80 efgh 605.40  hijkim  30.30  klmnop Javid ayls available
4085 vwx  9.200 jk 54800 mno 2740  parst Roza I;, water
45,52 tu 7.400 opgr 369.80 tu 18.48 Yz Jely >
48.28 st 5.190 s 402.40 st 20.02 Xy Serga 5
36.85 X 8.800 kimn 321.70 uv 16.08 z Arsenal bl
41.48 uvw 6.590 r 366.70 tu 18.33 Yz Babylon ;yskols
53.41 opar 10.70 efgh 293.00 % 14.63 4 Rilana b3,
5.318 fgh 6.850 cdef 20.64 nopq 5.14 Bed 1043 y.¥y
3.878 no 5.456 jkim 22.13 fgh 5.34 Bc Savalan Y5l
5.645 ef 4.538 opqrst 22.95 c 5.34 Bc Rona s,
6.128 d 5.062 Imnopq 20.58 opgr 4.27 Hij Agria L 31
5.379 fg 7.008 cde 21.13 Im 4.54 Ghi Eurostarchz ks, ss
6.932 c 4.682 nopgrs 20.55 par 5.80 A Larisa Luw,Y Loy Voo
7.520 b 5.646 ijkl 18.81 v 4.74 Efg Takta s U
4.840 ij 5.676 ijkl 21.62 ijk 4.27 Hij At005sa Lug odlazul
3.780 no 4784 mnopgr ~ 20.23 rst 5.07 Bcde Prince iy 100% of
7.922 6.422 efgh 2064  nopq 4.61 Fgh Javid asls tg\faii’l'aagltes
7.924 a 6.400 efgh 20.97 Imn 4.80 Defg Roza 13, water
4911 i 4.502 pgrst 20.97 Imn 6.14 A Jely >
4.360 Im 4.577 opgrst 22.52 de 4.80 Defg Serga 5,5
2.705 q 4.082 stu 19.67 u 4.20 ] Arsenal bl
2.608 qr 4.251 rst 21.06 Im 3.80 Kim Babylon ;yslb
4.765 ijk 4.099 stu 20.11 st 4.54 Ghi Rilana tM,
4.506 jkl 7.706 ab 2131 ki 2.74 r 1043 y-¥y
3.647 op 6.228 fghi 22.78 cd 3.54 mno Savalan Y5l
4420  kim 6.043 ghij 23.82 b 3.54 mno Rona b,
5.810 de 5.055 Imnopq 20.45 qrs 4.27 hij Agria L 31
4.410 klm 7.406 bc 21.83 ghij 4.20 ij Eurostarchg llgs
5.840 de 5.286 Klmn 20.78  mnopq 5.00 cde Larisa LY .
5.002 ghi 6.038 ghij 20.90 mnop 5.00 cde Takta s <! f\‘”)’ A
4760 ik 6298 fghi 2214  fgh 400  jK Atoosa L ;8;;; ﬁ*fb
2.495 qr 5.168 Imnop 20.06 t 4.00 jki Prince ., the plant's
6.788 c 6.878 cdef 20.83  mnop 3.40 nop Javid als available
5820  de 5.907 hijk 21.00  Imn 3.80 kIm Roza I;, water
3.350 p 3.949 tu 21.02 Im 3.80 Kim Jely J>
3.510 op 4.304 rst 22.33 ef 4.00 jkI Serga 5 .5
1.240 vw 4.352 rst 20.23 rst 4.61 fgh Arsenal bl
1.908 st 4.529 opqrst 20.95 Imn 3.00 qr Babylon :yslols
3.540 op 4.442 qgrst 20.55 par 4.07 jk Rilana tM,

\td
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. . . . . oY
e sl Qgs 4> 0aS daxs dgr yd 8L (439 oud S . i Wi
Pla?ft%eig)ht Numbersnll;mbers per Tubergl\/;%%ht per Tuber)ii':lcd ~B,l Cultivars Irr:i'ééeflion
1.981 st 7.056 a 21.89 ghi 3.30 opq V-¥v1043
2.261 rs 6.139 bcde 23.05 c 3.66 Imn oYlslSavalan
3.371 p 5.323 ghij 24.84 a 3.40 nop Ly,RoNa
2.610 qr 8.189 Klmn 21.50 jk 4.00 jkl L,S1Agria
2.261 rs 6.018 a 22.03 fgh 4.90 def @slwlg,sEUrostarch
3.670 op 6.206 ghij 20.93 mno 5.36 b Ly, YL arisa ;
1.895 st 7.281 fghi 21.00 Imn 5.00 cde S5 Takta <! e 7
4126 mn 5.207 bed 22.78 od 4.27 hij LogslAtoosa i B
1.750 tu 7.383 Imno 20.93 mno 4.10 jk i pPrince the plant's
2.590 ar 6.677 be 20.94 mno 4.80 defg yglaJavid available
4.0965  hi 4.504 defg 2105 Im 330  opq I;Roza water
1.860 tu 4.877 parst 21.78 hij 3.49 mno Selely
1.110 w 3.918 mnopqr 2217 efg 4.10 jk 5 ,5Serga
1.000 w 4.467 tu 2211 fgh 3.30 opq Jls JArsenal
1.490 uv 3.565 Qrst 21.05 Im 3.10 pq oskLBabylon
1.030 w 7.056 u 20.98 Imn 3.30 opq LM Rilana

o Laglps s Canms 3345 9 o2l 85 Lol 3 (i 18,1 )3 (STI) (S LG5 & Joos U —A Jga
Table 8- Water deficit stress tolerance index in potato cultivars under mild and severe stress conditions compared to
normal condition

) o) mdle 5 a5 oo M) oMo 5 Jbo s
@ Jood LR KV ' - L RV HE O a0y Yee) )
Stress A (o3iiun! S‘t:;s (0! (o3iiuo! o5
Tolerance . Cultivars
(STi) Sevelfe stress (80% ToIera_nce |\/|I|C-i stress (80% No!'mal (100%
available water) (STi) available water) available water)
0.505 33.27 0.639 42.13 46.82 1043 y+2Y
0.350 28.96 0.411 34.05 37.29 Savalan Y5l
0.253 25.20 0.332 31.02 33.04 Rona by,
0.245 21.85 0.310 27.64 34.60 Agria L, 31
0.522 33.60 0.629 40.49 47.90 Eurostarchg ,tuslg g2
0.256 24.70 0.300 28.90 32.00 Larisa LY
0.319 25.47 0.413 33.01 38.59 Takta bss
0.376 20.88 0.433 34.43 38.80 At00sa Lug]
0.226 21.37 0.299 28.25 32.70 Prince iy
0.431 30.30 0.535 37.60 43.89 Javid wgls
0.388 2740 0.458 32.29 43.74 Roza I;,
0.184 18.48 0.215 21.59 30.77 Jely >
0.203 20.02 0.239 23.53 31.28 Serga 5 s
0.145 16.08 0.215 23.79 27.90 Arsenal )l
0.173 18.33 0.233 24.76 29.05 Babylon sl
0.133 14.63 0.220 24.28 28.02 Rilana tM,,
AT Y. /¥ Y)Y 3)Skas (pSike
Loy YY/¥ 2o yd VO 3Slas 2ol aoy
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Extended Abstract
Introduction

Rivers in mountainous forested regions transport not only water and sediment during flood events, but
also large amounts of woody debris, including tree trunks, branches, and vegetation residues. These debris
materials accumulate around hydraulic crossing structures such as bridges, reducing flow conveyance
capacity, increasing water levels, intensifying local scour, and consequently increasing the risk of flooding.
In recent years, steel guiding beams installed upstream of bridges have been considered as an effective
countermeasure to modify the movement path of woody debris and reduce bridge blockage probability. These
beams alter the orientation of floating logs and facilitate their passage through bridge openings.
Despite the promising results of laboratory investigations, uncertainties still remain regarding the optimal
arrangement of guiding beams and their performance under different hydraulic conditions. Furthermore, the
high cost and limitations of experimental studies have highlighted the necessity of numerical modeling
approaches. Therefore, in this study, the performance of steel guiding beams in reducing bridge blockage
probability was investigated using the FLOW-3D software and Computational Fluid Dynamics (CFD)
techniques. The effects of beam arrangement and flow discharge on the movement and passage behavior of
woody debris under flood conditions were evaluated.

Methodology

In this study, numerical simulations of woody debris behavior and the performance of steel guiding
beams were carried out using FLOW-3D software. Model calibration, validation, and scenario analyses were
performed based on the laboratory experiments of Harada et al., (2018). First, the geometry of the channel,
bridge, and steel beam arrangements were reconstructed according to the experimental setup. The model
consisted of an open channel with a specified slope, bridge piers, and different arrangements of steel guiding
beams installed upstream of the bridge.

Three scenarios were simulated: (1) bridge condition without guiding beams, (2) bridge condition with
the beam arrangement proposed by Harada et al., (2018) (Type B), and (3) bridge condition with the new
arrangement proposed in the present study (Type C). In addition, the effects of woody debris introduction
mode (individual and simultaneous entry) and the number of logs on bridge blockage probability were
investigated.

Woody debris pieces were modeled as floating rigid bodies with identical geometric and physical

properties, including length, diameter, and density. The logs entered the flow from upstream, and their
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movement, rotation, collision with steel beams, passage through bridge openings, and accumulation around
bridge piers were analyzed. The interaction between flow, woody debris, and steel beams was simulated
using the moving rigid body capability of FLOW-3D.

In each simulation, parameters such as the number and percentage of logs passing through the bridge
openings were extracted and compared with laboratory data. While the reference experiments were conducted
within a discharge range of 1 to 2.3 L/s, the discharge range in this study was extended to 0.5-3.5 L/s. Finally,
the numerical simulation results were compared with experimental observations and previous studies to
evaluate the accuracy and capability of FLOW-3D in simulating woody debris behavior and assessing the
performance of steel guiding beams.

Results and Discussion

The numerical simulation results showed that the use of steel guiding beams upstream of the bridge
effectively modified the movement path of woody debris and reduced bridge blockage probability. In the
absence of guiding beams, debris accumulation upstream of the bridge caused opening blockage, flow
backwater effects, and reduced flood conveyance capacity. In contrast, the guiding beams changed the
orientation of the logs and facilitated their passage through the bridge openings.

For the simultaneous entry of 50 logs, the passage percentage without guiding beams ranged from 0 to
60%, whereas it increased to 20-75% in the presence of Type B guiding beams. In the case of individual log
entry, the passage efficiency increased by an average of 35% with Type B beams. To improve system
performance, a new beam arrangement (Type C) was proposed and evaluated. Under a discharge of 2.3 L/s
and simultaneous entry of 20 logs, the passage percentage was 78% for Type B and 94% for Type C.
Furthermore, when the number of logs increased from 1 to 20, the average passage percentages for the no-
beam, Type B, and Type C conditions were 51%, 87%, and 95%, respectively. The results demonstrated that
the proposed Type C arrangement can effectively reduce bridge blockage risk and improve flood conveyance
safety in mountainous forested rivers.

Conclusion

The numerical simulation results demonstrated that the accumulation of woody debris at bridge
openings can significantly reduce bridge conveyance capacity and increase the risk of flooding and associated
damages in forested mountainous rivers. In the absence of guide piles, a considerable portion of the logs
accumulated upstream of the bridge, causing blockage of the bridge opening, flow backwater effects, and a
reduction in flood conveyance efficiency. This phenomenon became more pronounced under conditions of
higher flow discharge and the simultaneous introduction of a large humber of woody debris elements.The
results further indicated that the installation of steel guide piles upstream of the bridge effectively improved
the movement path of woody debris, reduced direct impacts on bridge piers, and increased the probability of
debris passing through the bridge opening. Comparison of different pile configurations revealed that the Type
B arrangement proposed by Harada et al., (2018) performed better than the condition without guide piles;
however, approximately 13% of the woody debris still accumulated around the bridge piers. In contrast, the
Type C arrangement proposed in the present study provided more efficient debris guidance by improving the
approach angle of the debris toward the bridge opening. As a result, only about 5% of the woody debris failed
to pass through the bridge opening, while the average passage efficiency reached approximately 95%.The
analysis also showed that increasing the number of woody debris elements entering the flow substantially
increased the likelihood of bridge blockage under conditions without guide piles. However, the use of steel
guide piles, particularly the Type C configuration, maintained a high debris passage efficiency even under
conditions of high debris concentration. Furthermore, the validation results confirmed that FLOW-3D is
capable of accurately simulating the hydrodynamic behavior of woody debris, its interaction with flow, and
the performance of debris-guiding structures. Therefore, the model can serve as an effective tool for the
design, assessment, and optimization of mitigation measures aimed at reducing bridge blockage hazards in
mountainous river systems.
Keywords: Flood hazard, Bridge hydraulic capacity, Woody debris, guide beem, FLOW-3D model
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Fig 2- Use of steel guide beems for directing woody debris upstream of bridges in Japan
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Fig. 5- Schematic representation of the laboratory model, modeled in AutoCAD and imported into the
FLOW-3D model
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Fig. 6- View of the meshed channel model in FLOW-3D software
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Table 1- Results of the Grid Sensitivity Analysis for Different Cell Sizes
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Table 2- Flow Conditions Assigned to the Numerical Model Inlet Boundary
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Fig. 7- View of the boundary conditions assigned to each face of the computational domain in the FLOW-
3D model
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Fig. 8- View of the simulated movement of woody debris through the bridge opening without protective
steel piles
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Fig. 10- Comparison between numerical and experimental results for the sequential release of 50 logs
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Fig. 11- Simulation results of woody debris movement in the channel under bridge conditions without
protective steel piles
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Fig. 12- Simulation of woody debris movement in the channel and passage through the bridge reach in the

presence of Type B protective pile arrangement
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Fig. 13-Comparison of the passage percentage of 50 simultaneously introduced woody debris elements
under different flow discharges, with and without steel guide piles.
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Fig. 14- Comparison of the passage percentage of 50 individually introduced woody debris elements
under different flow discharges, with and without steel guide piles.
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Fig. 15- Configuration of steel guide piles in Type C arrangement (proposed in the present study)
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bridge opening under different steel guide-pile arrangements.
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Fig. 17- Comparison of Streamline Patterns Downstream of Large-Wood Deflection Piles with Different
Configurations
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Fig. 18- Comparison of Flow Velocity Distribution and Large-Wood Transport Patterns around the
Bridge and Guiding Piles under Different Configurations
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the bridge opening
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