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Sensitivity Analysis of Hydrus software to Input Data in Simulating Water
Movement and Root uptake of Grass as Reference Plant

Abstract

Introduction: Understanding the movement of water in the soil and the process of root water uptake, can help a lot in this
challenge. Numerical simulation is an effective solution in optimizing water management in the field. Accurate prediction of
water movement in the soil and root water uptake, in order to create optimal moisture conditions in root zone, is very important
for better plant performance. Investigating the phenomenon of water absorption by roots in hydrological and plant models
requires a quantitative description of water absorption by plant roots. Accuracy of model simulation in predicting soil water
transfer and roots absorption, as temporal and spatial variables, is the most important criterion in agricultural issues. Comparing
the results of the model with the results of field tests and the results obtained by other researchers will show the accuracy of
the models. These models quantitatively consider atmospheric requirements, effective root distribution and root water uptake.

Materials and Methods: In this research, water movement in the soil and root water uptake were simultaneously simulated
using HYDRUS-3D software. For this purpose, the grass plant was cultivated in three lysimeters with the same soil texture.
The grass plant was irrigated every three days at 10 am. The soil water content of the depths of 5, 15, 25, 40, 60 and 80 cm was
measured every day at 10 am and 6 pm. The volume of water drained from the lysimeters was measured every day. The
measurements were done in a period of 81 days. Soil physical properties were measured in the laboratory. In this research,
HYDRUS-3D software was used to simulate the water drained from the lysimeters, the daily root water uptake values, the soil
water content of different soil depths, the estimation of the soil characteristic curve and the hydraulic conductivity curve.

Results and Discussion: The results showed that in all simulations, the minimum and maximum relative error was obtained
from 0.79 to 35.1%, respectively. The cumulative measured volume of drainage water in the whole period is 162.75 liters and
the cumulative volume of simulated drainage water in the whole period is 133.79 liters. The relative error between these two
values is equal to 5.28%. Rainfall amounts have a significant effect on estimating the volume of simulated drainage water and
its difference with the measured volume of drainage water. With the increase of initial moisture and soil hydraulic conductivity,
the relative error between the measured and estimated drainage water data increases, and with the increase of saturated moisture
and residual moisture in the soil, the relative error decreases. The values of root water uptake (Minimum 0.5 and maximum 3.5
liters in one irrigation interval), showed that in the third stage of growth, root absorption has the maximum value and by
comparing the actual and potential root absorption, which have a low difference, no stress has been applied to the plant.

Conclusion: In general, after the sensitivity analysis, it can be concluded that the change in the input parameters causes a
change in the estimated volume of drained water at the beginning of the period. When the initial moisture and residual soil
moisture are considered as 0.3 and 0.15325, respectively, the relative error between the measured and estimated drainage water
data is the lowest. In the conducted research, root water uptake values were also estimated using the model. Daily
evapotranspiration values were calculated using the water balance equation. According to the values of actual and potential
root water uptake, in the whole period, which have very small differences, no stress has been applied to the grass plant and
sufficient water has been provided to the plant.
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Table 2- Input parameters of the Van Gnokhten- Mualem
equation
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Figure 2- Comparison of measured and simulated drainage values over the whole period
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Figure 3- Comparison of cumulative drainage values measured and simulated over the whole period
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Figure 4- Sensitivity of the model to different parameters in estimating the volume of drainage water discharged from the lysimeter
compared to the measured volume of drainage water.
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Table 3- Results of comparing the sensitivity of the model to the amount of different parameters in estimating the volume of drained
water relative to the measured volume of drained water

Co oibo 8Ly o o
Ll (Sg e Colaa Sl Al Cugb, 25k, adgl Cugb, G
N [y
(cm/day) bt s
— = — _ < - - R = . = '2 . '?
= = = N .
= = A = = & = o Y 2 & - = = 3 = =
= = = - — — & > - [>4 2 {>4
e -t o e -t -t 1>4 >4
< g T zZz x X =2 = S T =z Z &g = 3 8 =
o = > = = p = - = > -~ = = = = s S = %



0o 82 y0 O dddy, i 9 O CS e (gl ;3 (9399 (SB35 &y Cuwd HYATUS 13810 5 ol Judoxd

| | | l S ! | | l
R A A R A A A A
v NS v = =
> t>4 >4 -t — >4 - <
2 = = 2 = = = - =
< < > > <
= s 3 > g = 3 e

A=

AA/

N R A ¢

- - - -

= - N N - =

) - & = & -t -~ & <
®

- < - < - R < = <

< < < < < > - =

= 5 P > ] “t - o m
py)

21 8E peS esledl Cugby 3 i o
sl Gl @ 3 o) Juo (295 el
5 hneis Fll o gpSoi

2 BT P g ady by Ol Qla g jpolie
03,1 B S5 )3 el 93 nl (x5 olis 5 059 IS Jsbo
ET g asy) buy of (g ls ARWU' col oss
3 oslitel b )05 = s plie bl 5y — pSS
adyy by o bly Gls ol g del cund 4y (V) cdlolae
03,5 35505 wgykle Jlidle il eslil L

¥) a8y Jolye g 59) YO ez olS by (s 09 S
5 ) ki jor Vo9 Ve e D iy 4 ol (dbye
Balye V5l adsy adol dls o suioss cpl g3 (Voo F o),
add g 0dgy dgizne per Ay Al o cpl 50 ABL e dldye O
By T s g Wb pelatl (LS Ghbg 4 dop ).
Geb & Cunl (o SB 5 Gy 4 wdes job
5 il ol drwgi als o 0yl (b e 5y — pei 0 IS
odnlin O S )0 oS job lad g 0dg Do YO U Dby
ol & 4 g 43y Gl ab o cpl )3 Gy = e 950
Olboy & oy U (e Ay 9 Ll oo I 50 ad)
¥ U obye V8 5l by She dlaye b o deldl JolS 550
Ol 2 35— s 0 JSS 4 g b oS o)l achl g 50
Oy a8 1ia 0l olaidl sgs a ) jlade Sl dbs o
Wl dspo opl )3 Al Jpamme sy &S olS A3,
iS 1 e ySoilul dlo e gl 5 e £5) ez sl 5o
2y Sl al> po g 03y ol Vo ol el )] Sl
P 35T g Ml WA o 08 VU 90 008 0
Loy 45 0)53 5 JolS jl s 9315 (o8l 3y als yo
oigS” jl dmy g 03,8 Ad) JolS” ez i) &5 |z 09 00
il yo 5| ey S e 05y e oo (slaplul L 28
9 Sp ol E9rd U &S mad oo (i dl>ye )y (SLL
VAL (gilwdd g cudly aobl b g uSojlul sy £g5i
sl 003 gl WWAF jye

v Evapotranspiration

SB (Sdgper colia GLlEIL Y Jor 4 w2g L
5 0 (5 pSojlul iSa ) meod lbodld o o slas
9 Pl (s slbd a5 4 il g 5 ple (Blo YAY 4
Gdon ;3 CRM polie &y a9 b yls 1) 565 jlude ST
§ 5V sl & Bles Jae glat] (Silyyan colin olis
» GMER i 4 a5 L o)l osds (650l jolds
ods ))Jx ol (SB pluil Sy piun colin polis cdon
&2y3l 2 i 3 gl el 00 315 o8 S oo 4
5 CRM (cla yasls jl odlatwl b Jao c3,9] p oS b g
iSa; godly kis CRM o3l &S cuwl ] GMER
old g a3 ) anslie slis ) )90 el (oo
238 o sl o1y iSa sleedly & S GMER

S b byl Sppe ot leans S BT
oy i gl s 4 bosye (63959 (sl yiol )y
bl 2 (gl oad 25l g 0nd (£ pSojlul 2Sa ezs
Jb ol s 4 2o 3 UV i slas g 13,5 )38le 5 3
s polis 5 (2959 (b jiolyb il yuts 2090z s dn gl b
3)91).3 5 odd (S0l LiSa; ed (slaodly po ol
28 sy 83959 Syl 4 Jio Culis g0 003
FRRRWEL VS I D51 IV | PCSGH JUWES S WS ) S PRCSIY
O cgledl Cusb) O adgl Cush, :0;) 3959 sloyialil
03yl (glusl (Sgyud colam K 9 S 55 aslaidl cogh,
] 00

o35 el IS bl ooy 2
Sl e <8 L) bl ool e Bl Jae (295
25 bbb Gy ey @ Jho Canlus 2)S (S0l
Sgyen Colla Y @dgl cogly -V celdl cogly )

o 5lagdly Cago, ¥ <l

! Actual Root Water Uptake



s Ot o JUw e 8L e 893 [ S 5 U S pyte g (5o ote & i [ ]S 9 B 'Y

&JJ%}‘@UJBOM@O]}‘)}W?Q)‘D
adyy g O Gl g 55 — pus polie o oad sl

535 ply e b Loy

§ by byl Ol iy adly polia

(a5} ol

(&)

.8 Sy )l Jgl j9y 2 gz @ JSb 4 gl

Lol o393 33 S s 1y bl oo s SB gedaws
Sy & ol sl 03,55 Iy (5508 joi olS ade) (5>
adyy by O Gl gy gl )3 45 x5k 4 8L o oS
S 5l ol (gailyy (o (5 pS pod oy 0 bl e Hho

160

J—-
ARWU!

Gt el g gally dudy e p23a

[ 10 20 30 40 50 60 70 80 90
[}

(<)

0399 JS 93 (202(0) 35 — e g ) by O s (oaBly ualie (W) -0 UK
Figure 5- (A) Absorption Absorption of water by roots and evapotranspiration (b) Cumulative throughout the period
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