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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.

Cite this article: Tourajzadeh, Omolbanin, Piri, Halimeh, Barati, Masood. 2024. Sensitivity analysis
and evaluation of AquaCrop model in simulating water productivity and quinoa yield
under different irrigation water amount and salinity management and Biochar and
NanoBiochar application. Journal of Water and Soil Conservation, 31 (1), 1-25.

© Ol © The Author(s). DOI: 10.22069/jwsc.2024.21828.3690
Publisher: Gorgan University of Agricultural Sciences and Natural Resources




TYYY-Youd gl LLS ) ' [@
e S g of cblis ol yingls ds i
YYYY-FVAL o3l LU A SROARYR

R N e

$539058 Silwdam 30 155 551 Joo b )5 9 Comilus Julxd
G99 9 31nio Ao SIBCY Yoo Cxi g & Sos g T B pao
2wl g e 09U g 5 T &I
\“;‘ﬁ 3 gRas ¢ He‘_;ﬁ: M.:l:—-c ‘e:‘jc'b}? "_n.'..:.\‘r‘
b.tourajzadeh@yah00.com :asblLl, .ol 1 ¢ bl ¢ bl3 o&isls (Sl 5 O 2aSiils (ol g 03,8 (5555 4 sel il )

h_piri2880@u0z.aC.ir :asbl); .ol 5l ¢ bl il oKty (St o eaisls ol e liga 03,8 SLSls (J ghns oki 55 Y

masood.barati@yah00.com :asbll, .oliw s s dis el ol K235 (6 3 (g el ¥

oS> Alas SleMbl
Eb e 65558 e Gl el (leand Glp anlie Il AL ladis idan 5 dble Wl g g

sokd oLl adkate a5 b Al sladde cailaie a3 e Gla fS sms m ar S L s - ele IS Wl
5 oM Wile e 5 Jasme Jalse s p aSepl @ g b s LS S A5 5
a3l ol OLlS Of O e o058 5 5, 5hes S5 LaoiS -l ol ol )52
L OblS 5 Sles  cilises lalye 1 0155 o el p0les 5 pauyp glasspe slailes] SY/VIY0 il s fu s
Ll op lr ol sladis 5l ladle [ 5 S (giluand alS ladde 5 eslinal ARLURENCH PP T
555 de e el IS8T Jte dlad e ol 5l (Sl 48 S )5 eslizuls s go olS 5 St ] YY1l b
Jodl oS dde cl el a5 SLosl s (el ol adlais a3 5 Jpeame o sl AL
5 Sl edsl gla e S eslinad byl me O 4 s J e 5 Shes

Ll ooy Jue s a S gla mell S o (iluard |y Jgame 3 Shas (b ke BPRRCIPINT
Uﬁ@“d\;ﬁ}ﬂﬁuﬁﬁwwwﬁ@ﬂaﬁﬁﬁdﬁjww ‘bv\":’dl")-;b.""é)jbjé—_’
.,\M»:L; sl ﬁlwu\) A.l;—f BE ol Q‘)’:‘:"; )L,\.&'.AJJ;..AUL%)AJ;U P s D gg Sl Gl Ly e

T . : . X . (G A o
9 VEer 0L po dad o solas DS L, sl C)’ B s g cul il hg, g slse

dops Vee s A ) LT O Sl an Jols bjlas s ol 5SS b5 S 5180 S R
G S e g e Vst ) s e a3 5 i s 4 bl O i
30 e av 5 (NB) Sl sib 5 (B) slrsn) (AOlol el g5 50 (S5 5 Sz Sy
5 AR L OIS NTY 55 55 S gazmans g (OIS S Gy doss b5 Y o) Sl sl
Sosest 5 SrSelNl pame 5 Shoe il bhad OLL 53 A5 plil e Sl Ve 6l
Il o3 slaesls 55 Joe omnls sl Il Il el sbaesls 31 aralone O b ez
Slaosbel 51 doe QLIS s 5 33 Osa3l lp A3 eslizal Jde oo (gl 053
3 R i 5 (MBE) ol sl oSle (RMSE) st la o (0S0e L (sllast

‘ﬂ


mailto:b.tourajzadeh@yahoo.com
mailto:h_piri2880@uoz.ac.ir
https://orcid.org/0009-0000-2141-4235
https://orcid.org/0000-0001-9517-3569
https://orcid.org/0009-0004-1054-9678

la el 4 Jbe Cola JJ;J SR ol s e A eslezl (RE) P sl as s
Sl (S b pldl Sl s by 5 (S sen Sl s b ool S b s sk
L) wide oS axw s gy Sl Ol s sl 5 YU de aly) S Ges B8

Qﬁ;)‘}fﬂ)‘f:)}aa,\.jdbju‘lé)jaﬁ)&Jﬁul.hls‘j.k&)w]ﬁ‘)\.b\qu

Ol G s 50,80 5 3, 5kee ol gilwand 5 ol (5, S o3Il olis aslie 4 a5 b ilaaily
Ol Ul o mnloms 5 mily o 53 2 3 bl L3l Sl asls alone 5 1S
Sheslizad Lol s 1y O G mn (555040 5 3, 5as ol il 55 osas O S S| e o5 il
A3 alie S (5lutnd Slam sl 5 Sl gy Slae iSOl 5 s (laihS 5 slie L
o5 5 (MBE) o)l slax . Siks (RMSE) e Sl o S5k L (RE) s gllas
FYNA @/ 5 4 g ool esle b omeaions dim o 3 3 Shas 1y R s
G an S0 &l 5 AN S=YONY FAEQ =0 /WY O S Osesl e 3 5 0/AA S YENY
NN O Ol e 53 5 /AT 5 AN G/ /YA L S s A e 3 Ol
s Sluye oSke i (RE) o glas doys slis el sy 1/88 5 /071 o /FV
el o533 Shas 6y RD) (s v s 5 (MBE) )l o Sk (RMSE)
Y O S a3l A e 53 5 A 5 0/ TYAA G NY O e Ll se il Dol esle b
WY G S5 s e 53 Ol Gas Sose,e e 5 /AT 5 V) YAV
Jolie 4 a5 L d alowe /88 5 —0/) G FA =0 /8 O Sa Osesl Al e 43 5 /AT 5 0/00
Lil 5 cnl 53 Jde S Ol e Ol gl (oMol asle Sl aslinad Lol s et (glaeslel 508
Sy Sl o ol S (laans |y O Graan a0, 5 3 ,Shes ol il g
3 Ges B85 sl AS b oy S b s sk gls ol 4 die B g ol
Ly o 5 Sl iy aiy olS an 5 6 Sb O s oo ol 5 VU d ey
Glal Sl s cusby 5 (S i s cusby bl @ e (S cales 5 2

2ok Jbo s Ol os0 e 5 Lidg 2l

Olabl rlas (5 b SIS ST e 48 ils Ol Ol 5o abeliisty mlis & a5 L 106 S aomd
il lajleg o 1S olS O G e (o300 5 3 Shoe (loand > KI5 e Js3 LG
el 55 Sl S Oy 55,8 13 ealizalsy 50 S 6u°,\;scy.p|,6,gu_jd¢;,ws
Olpde 5 Olaasiie O-b OIislS @ bl ave Copde LSl Cgr 3 LS
bosls 0l OF G me 5y, 5 3,5ee sddadalin pslie iomes il S (555L8
doys VO b 1y (olal O Jltde 015 o St 4 5lrsmsil 5 Jlrsm G35 Ao T bk
oslinal 5 S eslital o s ioed £ Sopd bl 3 5Bl IS Ll s g sls rals

PRIV | B B PN U U L ] P W ERP R U e

Sagore Sl 33 SISSST Jue byl 5 Comlis Jlos (VF+T) Sgnne o Jln codo s coelpl ol g ol
slotaggy Hlaransl s e 005 5 lal OF ()9 5 jlaie it slacy o Cov 1515 0 Slae 5 O By
A-YO )Y SB 5 of cblis
DOI: 10.22069/jwsc.2024.21828.3690

rororcH




Oy Ko 5 830321555 cywidlol [ e 3 O, 8ST St (i) 9 ol Jalos

2 sds s bdae Sl 4 celd o0
Colle Solpl Olgea ol OLLS ileans
s WS a5 Sl gty S
03 by Sldlas (0) ol a3 S 13 ax 54
plal OIS STL OalS > Slas ilaand 4 dai
55 S sS dde dils Ols 018 hassy sl sl
3,80 el 3 b ge b S T 5 Ll
S0 egcan s Al s il
ol s 55 Jal s Jie cpl bl S ot
Jhe 5l (0) cws J).\SJJLE o & 58
55wl (a.,\;f S8 Suite sl SIS
s 0L hagy @l A el e
il Ll s s e 5 Jsame 3 Shes
55l Jhe by Je3 G o3 L LSJL:.-JVS
Jdo L pdS LS Lelge (iluwand 55 . (V) 255 00
L& a5 el oS adbn s oI SIST
53 e 33 Sa, VE e Y Sl ol Lss il
Lo S Ol Gpme LIS 5 5 Shas pas
D)
Gileand QLIS a5 IS ST
bl 5g Lls 1) b eme O Slaie 4 olS Jandl S
L oolS Sl e p kil G glad s
Jlo 5s M) L wlsl ol w5 goss hals
S Ad Gore Jhe ol Sl glds Al (YeNE
oS > Sas 5 gtd, gl el (leand LB
O 5 Oa 358 e Slazy e Bl
b opB Jde S el S3EE Al s sl
Sl ad el 5 ) G 558 5 oLl
sosd oS S i ol s Slee (gleas
Silwtsnd Slp 1 e s 5 Al eslinl puS
Sosertr 3 2 8es (A 5 V) A adls 58 LG
S il slanS 5 s slals @3 Ol G e
PSS de by LT Of cilse slie

Ao

Srae Gosore P Glr S SIS

ST ssdoun mlia 5101 04 20 5 LT O
OlS i85 bl oo Sy e Jlesl )5S
s OLLS 5 S TS ol S o plis
ke U LIS ik e oS 5 s 4 pslie
L5 & (Chenopodium quinoa Willd.)
G el e 6l S T glaesS 51 &S ol (glad o
5 Sis gble 3o a8 Ui (use) ooV
oSl (Y 5)) S e dd, ot Sistaad
lods Ll 5 ocwl 8Osk 5 oal
Sl ey b ol s e S () el sl
Ty R e N S P T~
Oy o sl oals QLS Wa fa g3 (V) ol rqu
08 5 S bl OF e e b
Gosere JsB bl cuast Gl o
Sl ) sl a1 S Ol e
T s oS ol L Gl e e ol
ol %j il olis 3 olS Jes LB o5
Gio Lasls ass5e 5 Ll s cpl e O
sladle s s en 4 el Ol 3 a8 5 35
Ay g0 Shes gileand Gl p ol gladde
Sl (8) Wlead &l Cilie Lal s OlalS
o Ol 4 3k SeS adde gkl 5
LS o iasse Gla el eSS s (oosliS
Sl sl AL gladie o 5508 5 51 (S
dhe ol OIS ST Jue el w5 s Shae
S b soss s skl Sf Olpe oIS S
5 S Al bzl Sheslinal b wlS 5 Shes
Jhe nl 0S5 e e (53505 Slaesl
0305 a5 olS Jace 55 0l jme Ol lkie bl o
U oS Jse ol S5S1 Jde (8) col o
Sl 5 besls 4 F0S S5 3l e



V€Y ) a)h».fs AR 0,92 4«5‘&9 &,’i cblis dl.ﬁ:u...\hs)_p

oass s OA) cl @l il e
gl o JASSE dbe s Sl
LS s o)le r.,\;fj O oo aliew <=J\;§ $39)9
Jde sy OLES g5y @L:j b S 3 YT
stidle i Ol (o304 A S sl bl 4
ol a2 (S AL g S
i 53 (V) Wl g w5l 5 s
ALk Dl 4 SIS Je sl s
Sl s (AS Sidn e G
oS iy A 5 sl LS iy edidle g
R e 3> OLES CL:J R PG e
A 5 Sl e G 4 de Sl
ot dde Coslam 553 Sk @lleS ol
(04) 558 e
055G sl Ol wddS glaiasy W
Sose e 3 35 ilednd (o pat o syl
5 olleS o Ll s IaS Ol G
ol S eSSl Gaas by g5t
Golwans s ol 51 Gaa ol el
Ll 2 158 o Grae s 5 3 Skes
Grae by osd s bl o il
oot Sl Dl Sl 5 by laeiS Z3L
S US cl Y 208 sls s i 4 s L
Gzl 4 s OF Canli e I eslizal
S Resn ol 00 el 2 s 82005
LS Of Goan Sose,e 5 3 5des 3luand
ol gl el Ll ol SSS1 Jae 1 eslind
S S  OT3l s L sl s 5 s Jile
5 i)y Jpame M5 n e Gl b

23558 ksl

B gy 9 3lgo
Jsb Candsn b 5 Ol g anlllans ) 5o addats

G2 S dsb i YA 5 e V) Gl

5 @2V bl Jue sls 0L s A8 (3laand
s Ol Gran Soso,e 5 0350 Giluand
155 5 Shas ilwand o js ass (V)
mE A el SoleleS cile glacy e
503y Kl de oo 5 il 5 Jol>
@y s Ses (g5luad 55 Jbe sl LIS
Olo 555 158 oS Ol G pms LIS 503 5
sl Sl Sl gl Ol 0 Jde 5l &S A
5o dilse gl s ool Cupe
6 laiasn (V1) 5 e eslizal (o5kilaS
s pde 53 158 5 Shae (5luand o5 53
S ol ot plnil Q1S ST e b (T il
Gilwand 3 dde opl GV SUls edasolis
(O 5\ sk e
A sladae ol el 0L e i @Lﬁ
Jlse Aboss & wlbe gl Ll
Jolse cpl ls 13 Gl mnde s Jaows
(Vo) Ssd 0 aJde T Coanla’ (s.Lc el
A essleand gladds cualad ads L sy
bLdhe (s> mhid glayyst s Jelse
R P
ol S Gl Sl How Sl el ml
SIS 36 5 gr a2l B AS o al b 15 O
53 5038 glalis 1) oS 5 Shes giluans o
OV) a8 arg 5ot Lol & aeils do e
ST o Olow olS L gls 2ol )k sl
LSS dde Bl eslaad b 05550 58 il
DA B Ol ashy mlE Al e
o Gosee AL 4 S Je ol
5 ds bl gl cl oY el saidle S
g5 5 e bl bl nl (Jae s Ses
Losls glas @Ld e s ESSIPR P



Oy Ko 5 830321555 cywidlol [ e 3 O, 8ST St (i) 9 ol Jalos

)gx}jrﬁmbljﬂ&oojljsriauu

o)
ol A

P Y

B

%

AL 40 52 5

2
x T 1B

SAb el gl a3 e BAY sl L

T e

-
v
4
..—g

Lo
J “n
a2 D »

H
g
\
ki

E_ _.1"

3

—

asdlans ) go aalate -\ JSCS
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Figure 2. Different stages of plant growth.

oo Ky 5 ol om0 - s Al 5 aniy
oA Ulgee 4 Coed Jpame (1A Oliee oo
Sl B8 = S
& BT Sm 5 i SSE L PSS de
oS 5l G 5 (B) Sk omlaw 5 ok sy s
5 Gk 3Ol g Gpae 5 (TN
gh s leand b el ) XS e S5l
25 ol (LAD Sy s st glra oS
ol e B S3ale Ol 3l olS cb s

(V) Lo Sz ¥ kel 5l olS 26 2y
CC = CCy x eC0Ct ()

Ao 53 oS U iy CC laly ol 3 &S
(doy3) adsl 26 iy CCo (ds)s) arw s
Uy Go 50 gl by 4, o CGC
Oz bl olS Gon Ol .l (Gs) Ole

(1)) dd apulows § a5 51 26

T, = K, X CC X K, X ET, ()

Sl Sole WP O G yae (550,
Vel bl of @sti) s Jsame S

(YY) Wl S 3y
WP =— )

Sl Sl Srae sosee WP ddaly )
Il J e Jlie Y (CaSa e 0,5 5hS)
(e 0) ol T Jaie IR G s 2 S 4kS)
s Skee Ol s Ul TS Je
3503 Sosd 5 5 ol oS Llpd 3 1) Jyams
5 Jgame 3, 5hes Jllis aslbs gl e ol
EEER 3 (e O S el p ST
1S e eslizal conl O O3 dales ulad

Y=Y, ETy—ET,

L) =KE) ()

5 i i I Sa Ya s Yy el ol s

1- Water Productivity
2- AquaCrop



V€Y ) a)h».fs AR 0,92 4«5‘&9 &,’i cblis dl.ﬁ:u...\hs)_p

Lol 5 i oo gy IS Brer wdad, cnl 5o
ool ewsay 035 sllie Baress 5 25 Ok
el 5 sl 31

dbe b goleand @l Jde a4 (52555 slaesls
e 4 055 Dl o3 6oass gleesls IS S
— i Ol Jold el (slaesls g (B ne
Sl s Bl sl wlisy e ol G
Sl o Sle 5 Wlss SAOL sl Wl
Sie wlal s COp chls il CO, chale
whls Sl abtas, s & b5
Sy e e a4 Cal odd (5, Sl
0SB e Cagby 5 3l Bl S glaesls
Colle 5 ooils Sapen s el cwb b das
o Sk bl il Sl plsl (S e
o pde laesls (Y Jgdr) Las B oae Jbo 4
S ol 5 as,ie Gy e (A Ll as 50
Sopde (@ o oSl il sl Lol
Osdi 4855 Zupde slaesls foli &S (ool
6)"3.%5 ce S kit Solal ud g
AYY) ws e Je @

Gloodls 4 axg L alS sleesls 5l oan
oam b sl de 4 Gl Sl eds il
S S1 e & 53555 ALS slaesls sluss &Syl
il ,Sesll LB e TE1 5 el sl
Laesls ol Wles S gl Jbe OB askans
L3S Lasie gwaly 5 Cawles o buyg
(YY)

sis el s cu g Ke s Ks ey ol g &S
(YY) dol ez 0 bl 5 Ll S S

T,
B =Wwp* [—] (o)

ETg;

Jdsb 5 @lisy G, S Jlae Tr ol ol 53
555 BETo ol G me (5550, WP (215 Joad
e ol K2 oy By e oS G
S osle 3l eslizad L (YY) Lls ;J,ﬁw polde
dle Nkl SE(HD cils 5 jatls 5 gl s

(YY) A

Y =B X HI QY]

(CC =3 55 G0 ) gy, <l (CC)
B g e a4 s O el S Al a,
S LS e 2U e ol s Ll s
LS My eSS 5 S Ol 5 ail
xQ£ME>§w}6@jMe:uwlfb
S s (6355 OO Sl eslinal glra o S ST Jake
Slesteal bl s Sas 5 gosbol= 25 5l
Sl 03565 S e at Bl 58 L
dols Va5l eslanal b ds s = (Brel)

Broy = BBf—f x 100 )



Oy Ko 5 830321555 cywidlol [ e 3 O, 8ST St (i) 9 ol Jalos

S Gl S35 31 T e

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.
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Table 4. Values of AgquaCrop model input parameters.
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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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