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Background and Objectives: Plant models are a suitable tool for
simulating important agricultural parameters. Due to the existence of
environmental stresses in each region, plant models should be evaluated
and approved in each region. Also, considering that the investigation of
environmental and management factors such as the amount and salinity of
irrigation water and amendment on the yield and water productivity of
agricultural plants requires expensive and time-consuming field
experiments. The effect of various factors on plant yield can be simulated
using plant models. In recent years, many models have been used to
investigate the relationship between water, soil and plants. One of these
models is AquaCrop model. The mentioned model should be measured and
evaluated for each product and in each specific region. The basis of this
model is the reaction of the yield to water productivity, and it simulates
the yield by using climate, plant, soil and management variables. The
parameters used in the model change under the influence of different
environmental and management conditions. Sensitivity analysis helps
researchers to have enough information about the effect of each parameter
and the amount of its changes in the calibration stage.

Materials and Methods: This research was carried out in the form of
completely randomized factorial design in the second half of November
2021 and 2022 in the greenhouse with three replications. The treatments
include three irrigation water treatments (60, 80, and %100 of irrigation
water, 11, 12, and 13, respectively), three salinity levels (1, 4, and 7 dS/m,
S1, S2, and S3, respectively). There were two types of amendment
materials (Biochar (B) and NanoBiochar (NB)) and three levels of Biochar
and NanoBiochar (0, 2 and 4% by weight of pot soil). In total, seeds were
planted in 243 pots with a diameter and height of 20 cm. At the end of the
harvest season, the yield of the product was measured and the water
productivity was calculated. Crop data of the one year were used for model
calibration and crop data of the second year were used for model
validation. The root mean square error (RMSE), mean bias error (MBE),
determination coefficient (R?) and relative error percentage (RE) were used
to test the accuracy and effectiveness of the model. Also, in the research,
the sensitivity of the model to the humidity parameters in crop capacity,
wilting and in saturated state, plant coefficient for transpiration, effective
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root depth, upper and lower limit of soil water discharge coefficient for
plant development, maximum canopy growth, growth coefficient and
reduction of cover and Normalized water productivity was investigated.

Results: According to the comparison of the measured and predicted
values of the yield and water productivity of quinoa and the calculation of
statistical evaluation indices in both calibration and validation stages, it can
be stated that the AquaCrop model has been able to simulate the yield and
water productivity in the conditions of using water with different amounts
and qualities and Biochar and NanoBiochar modifiers. Relative error
percentage (RE), root mean square error (RMSE), mean bias error (MBE)
and coefficient of determination (R?) for the yield in the verification stage
with biochar correction material are 0.66, 33.38, 24.12 and 0.98
respectively and in the test stage -0.67, 38.49, -25.12 and 0.96 respectively
and for water productivity in the verification stage -0.29, 0.33, 0.11 and
0.96 respectively and in the test stage 0.16, 0.37, 0.06 and 0.94 were
obtained respectively. Relative error percentage (RE), root mean square
error (RMSE), mean bias error (MBE) and coefficient of determination
(R for the yield in validation stage with NanoBiochar amendment
material are 0.12, 22.08, 5.61 and 0.98 respectively and in the test stage,
-0.01, 28.79, -1.1 and 0.96 respectively and for water productivity
at validation stage, 0.17, 0.29, 0.05 and 0.96 and in the test stage,
-0.4, 0.38, -0.1 and 0.94 were calculated respectively. Considering the
lower values of the error statistics in the conditions of using the
NanoBiochar amendment, it can be said that the model has been able to
simulate the yield and water productivity better in these conditions. The
results of the sensitivity analysis show the average sensitivity of the model to
the parameters of humidity in field capacity, plant coefficient for
transpiration, effective root depth, the upper and lower limits of the soil water
discharge coefficient for plant development, the maximum shade growth and
the cover growth coefficient and the low sensitivity of the model to the
parameters Moisture at wilting point and moisture at saturation state,
coverage reduction factor and water productivity were normalized.

Conclusion: According to the obtained results, it can be stated that the
AquaCrop model is an acceptable reliable level using the simulation of the
yield and water productivity of quinoa plant under different quantitative
and qualitative treatments of irrigation water and soil amendment are
used and help farmers, designers, experts and agricultural managers as a
powerful and efficient tool to choose optimal irrigation management. Also,
the observed values of yield and water productivity showed that with a
mixture of 2% by weight of biochar and NanoBiochar to the soil, the
amount of irrigation water can be reduced by 75%, and in the conditions of
using salt water, water with a salinity of 4 dS/m™ was used. It is not
recommended to use more biochar and NanoBiochar in the conditions of
salt water application and water stress.
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Table 2. Some characteristics of soil.
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Table 3. The sensitivity coefficient of some input parameters of the AquaCrop model for the simulation of
quinoa yield.

Cnlw= 4 53 =/Y0 &Il 43 SC lis
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Sensitivity rate Sc at -0.25% Sc at +0.25% Model input parameters
Lo s 3.2 25 SR ERENS
Average Moisture in field capacity
r 1.48 18 2 B 2 sk
Low Moisture at wilting point
Ll - s cob,
r* 1.26 0.25 gt 02 sk
Low Moisture in saturation
b s 5 25 ¢l LS o 2
Sos 8.7 85 (S5 6{{ f = < ﬂ
Average Crop transpiration coefficient
e 6.2 46 S e
Average Effective rooting depth
Lo se 38 69 oS axw s (gl S Ol ados s W d
Average ' ' Soil water depletion threshold for canopy expansion-upper
Lo g . 37 oS w5 sl S Ol el o ol 1
Average ' ' Soil water depletion threshold for canopy expansion-lower
B 71 8.3 il by e
Average Maximum canopy cover
B 7.8 6.4 o 2
Average Canopy growth coefficient
of s 15 25 o SRS e
Average-Low Canopy decrease coefficient
B 2.7 13 il T e

Low-Average

Normalized water productivity
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Table 4. Values of AquaCrop model input parameters.
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Description Unit Value Parameter
) el 35 alsy S Gee
Calibrated cm Effective rooting depth
el s SBT3 45 Al Ay Al 4 Ol Obeys
Calibrated day Time to reach maximum root
& Sesll T3 2 sl b olls ol
Measured day Time from planting to germination
& Sesll 5T 52 Sllale s wde U cusls Ol
Measured day Time from cultivation to maximum crop canopy
ol s BE3) 90 Jsazms Clils 5 U cilS Oy
Calibrated day Time from planting to harvest
PP A 3 Sl s ) al sl
Default °C Base temperature
P e sl S ol ax s 30 YL bes
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Measured cm? Canopy cover of each seedling during germination
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Calibrated % Initial canopy cover
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el s - 05 oS ane 5 6l Sl O adss o, YU as
Calibrated Soil water depletion threshold for canopy expansion-upper
sl _ 08 oS x5 sl S DTl o ol
Calibrated Soil water depletion threshold for canopy expansion-lower
el Sy Aoy 95 (CGC) juiigy Ay o,
Calibrated %.day™ Canopy growth coefficient
el SRR 10 (CDC) iiiss SnlS o,
Calibrated %.day™ Canopy decrease coefficient
0P Ao 330 A3 105 G sl AL e Sl
Default %.day™ Maximum crop transpiration coefficient
s G e S 105 sdidle f (50,4
Calibrated gr.m? Normalized water productivity
s G e S 90 odidle S50 A o 2
Calibrated gr.m? Normalized water productivity decrease coefficient
S Sl Lo, v e b ab,
Measured % Moisture in field capacity
S Sesll B R VY (.ﬂ:;)ja}_:)éﬁ,.:}b)
Measured % Moisture at wilting point
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Measured % Moisture in saturation

Y



VF-¥ o) b)w Ap) 0,92 «SKB 9 A.Ji cblis ‘_gthum.ﬁ9f

do b Ol Grme o5 5 5 Sles (5load
Vazs| sl ol &S Wlos S 3,08 IS S
oeomose oS p s Sl s Ll e
5> (WY 510) wil (bl o e 5 ol Lail 5
e T I R vy
S del sty VY OIS ST Je L 158 s Sles
PRl s s edelse o3, Lol s cle
Sl ol a ) ) Ba sbasles g5 5 ol Ll 0
Sran Soser 5 3 Sk SIS SH AL L LOY)
B g L ] <l
VA s o b dde sl QLA a5 8 S
Sl G an (5550 4 55 Shos ol il 5
Sl PSS dae 5H(TA) S (gslans 1) puaS
o OldS Olasl 53 Lges olS 5 Shas (g5luand
Sl e b 5 L sl Of s
b e e sl OIS e @b} A eslaia
53 L 3 Sas goloand 3 g5 SBs s
Goar g LT s Ll ol 5 osd 5 Bl 2
Ll i 53 O S5 SVslee T 51 5,0 uolia
Sy Jde &S 015 oo o ) Sl s 51 eslind
R R I TS e
ol 0 (63531 oS 5lrs iy 5 il
s Ao o 3 5 Shes (Sluand ln U
s amls Ao 55 st Ul
BIF SIS Sy SR VRGN Y W @),IMS
2 ol Grae 550, Siluted sl Jda S
Dy el 5 el A s e
533 Shee S3luand sl 5 el odd (g3,550 1S
S el s e A 3 e

el 0 (63,51 5

¥

boedd amly (93555 glambl & e L
P e mwiloms ey Jl laesls
on Dl Gpan Sosese 5 3 Shes (Siluand
oddaploe (bl gla astls slie O Jsd> A
L eddgilwand 5 ol ,Sesll slis bl
bl b s preloms 5 aely d e 5o 8 o
ar s bdas oo 0L Sl s 6l 5 Dby s Sl eslindd
RE  slao,ll bl Jde gl slis w
iy Jas a8 Olg e R? 5 MBE RMSE
Sl S ae Soso e 5 3 Shas L B Lo
5 RY o s 030 W S laad |
U5 o riiomss o 55 RMSE 035, ol
s Ao 5 3 S il S
el 03 g Jdo il g > 0 51 2

5 oeddg, Sl slie awslis 4 axg L
tloen 5 1S OT G me (50 e 0 ld(sloand
ol e 53 a 5s LT bl slaasl
S sl Ol Olp e (0 dodr) rwlome
S pan Sos0 Sl ALl 0 e IS ST e
2 OIS asn sl S Gl | O
Sl Ol S ST Jie dxdls Oy 35 sla s
s Sl Grae osee Sileand 3 o
(A 5 Y5 XY0)

5 Sl slie Saen F 5 ¥ e 2
Lol Grae oso 5 >, Shas sdd(gluasd
sdalin LaJK..A 05 S sboles Aas e Ol
5 A /A8 /AY) RP sl 03 g YU 5sd e
sddgiluand polie 055 Kony adkaslis (+/47
o Lol 5l Sasl, 5 eddg Sosll polis
bfass (& n ot Jhe 0 A1 5 b S

Sle b SAGm Froe S o e



Oy Ko g 8315z1,95 cdlol /e 13 21565 Jae (b3l o Comlws Julod

WW} u_:.a'..n‘} J"j‘)" |_9..;S g.di s_%}.a.a S99 :Jﬂ.u- @ﬁ& ‘5|Jf 6_)LAT G\A‘JA:'-L; ﬁ.ﬁ&a—o J}J\>
Table 5. Values of statistical indicators for predicting the yield and water productivity of quinoa in the
calibration and validation stages.
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Figure 3. Measured and predicted values of yield and water productivity of quinoa under salinity, drought and
Biochar conditions.
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Figure 4. Measured and predicted values of yield and water productivity of quinoa under salinity, drought and
Nano Biochar conditions.
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Figure 5. Comparison of the yield measured and predicted by the AquaCrop model in the calibration stage
with the Biochar amendment.
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Figure 6. Comparison of the yield measured and predicted by the AquaCrop model in the calibration stage
with the Biochar amendment.
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Figure 7. Comparison of the water productivity measured and predicted by the AquaCrop model in the
calibration stage with the Biochar amendment.
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Figure 8. Comparison of the water productivity measured and predicted by the AquaCrop model in the
calibration stage with the Biochar amendment.
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Figure 9. Comparison of the yield measured and predicted by the AquaCrop model in the calibration stage
with the Nano Biochar amendment.
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Figure 10. Comparison of the yield measured and predicted by the AquaCrop model in the validation stage
with the Nano Biochar amendment.
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Figure 11. Comparison of the water productivity measured and predicted by the AquaCrop model in the
calibration stage with the Nano Biochar amendment.
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Figure 12. Comparison of the water productivity measured and predicted by the AquaCrop model in the
validation stage with the Nano Biochar amendment.
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