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Tablel. Soil characteristics in experimental place (depth 0 to 30 cm)

fasine Sladio
Characteristic Mount
Sulphor (PpmM) (¢sedes yo Caond) 5,555 47.3
(EC) (Luinos; o) (Kol Colan 1.1
(PH) aal 76
TNV ssgs 5 slge duoys 105
Organic carbon (%) (ae,s) J1 cpyS 1.16
Nitrogen (PPmM) (&ysbee ;8 Coond) 339,505 0.7
Aolutely phosphor (Ppm) (sl ;5 Coomd) wiz b yius 12.3
Absolutely potassium (Ppm) (oysabes ;0 Coomd) Wiz bl pamlis 414
Clay (%) (0,9 ) 30
Silt (%) (1o,0) Y 62
Sand (%) (a.s,5) ausle 8
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Table 2. Needed input parameters for model

(i) yiolsly s
Parameter (abbreviation) Unit

soeldl g swuliilsn slaosls
Weather and climate data

Maximum daily temperature(TMAX) &35, slos yiSlas Degree Celsius (°C) ol 4>,
Minimum daily temperature (TMIN) il;5, slos Jslo> Degree Celsius (°C) oy 4>y
Solar radiation (SRAD) ljs, (o 35 il Megajoule per square meter and per day 5, ;o g0y 5 JoiKe
Daily rainfall (RAIN) i35, Sas)b Millimeter s L.
Sk gl Sy
Soil characteristics
Albedo (SALB) 5o Ji NoO s,
Drainage factor (DRAINF) _:Sa;j oy o ) ’“‘-"J" z ’“’3‘“’
Millimeter per Millimeter
(DUL) (5o 03 abaii ) gl gomo oS Sl e il
Volumetric soil water content at drained upper limit Centimeter per Centimeter
ALL) (el by abais 0 gl oz yuS Fole p el
Volumetric soil water content at crop lower limit Centimeter per Centimeter
(SAT) glosl alais ;5 Cughy comm> puS ol yie cile
Volumetric soil water content at saturation Centimeter per Centimeter
Curve number (CN) S5 ioxie o,lots NO s o
=y Sepae
Agronomic management
Sowing date (PDOY) cils & 6 Day of year since the 1st January «sl; Js! 5l Jbo 39,
Density (DEN) 51, Plant per square meter o o o ais
ASW) cials’ gdge 0 S cughs, ashee
Initial soil water in sowing time Millimeter
(ARGLVL) LT ploxil gl S 3,m5 b6 T oS ol
Irrigation threshold level No

Slas 30 s uiubojl 9 Juo 3l ool Cuwdas asdllan 5 yge abicke Wliwo 4 bgs wo 5kl 5 0l S ol )y —F Jgu
Table 3. Mathematical and statistical parameters related to the various traits studied by the model and field experiments

Sl Sla oeSlee bl sl el
o Maximum Minimum Mean Statistical parameters
Parameter lg 00l et it ™8l (ST ) U oy R? RMSE NRMSE
Actual TN.R Actual T.N.R Actual Predicted
o5 B ) 43 14 5 22 36 9 019 623 0.29
Days to emergence
AL ) i 111 131 87 88 96 108 0.89 2.99 0.12
Days to flowering
S0y B0 B 59 131 141 101 100 114 121 081 547 0.18
Days to start of seed grow
o b
FIRB I 134 147 103 108 118 127 0.84 5.1 0.16
Days to seed formation
- LA e G
A 178 175 128 138 150 158 0.9 5.84 0.12
Days to physiological maturity
=2 b s 190 183 133 136 157 166 0.91 6.23 0.11
Days to harvest
peeSle S 371 27 133 0.82 253 158 04 068 0.29
Maximum leaf area (m?)
. & o
(gyein 5o £ 4 2 Slos 519.4 249.8 202.5 129.4 3253 1902 0017 3242 0.10

Seed yield (g/m?)

sl pasls 522 56 34 44 46.3 50.1 0.006 53 0.29
Harvest Index (%)

(e 53 p5) Sujglom 0 Shos

S . ) 787 497 305 252 490.3 381 0.09 66.29 0.14
Biological yield (g/m?)

A
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Fig. 1. Observed different phonological stages versus predicted different phonological stages
Continuous line is line 1:1 and upper and lower dashed lines are 1:1.15 and 1:0.85, respectively.

\al



FA-FA doiio AFAR Jgl Lo 16 )L 11(0,90) JLw /) g3 U g G 93 /.. S0 55955 U1y (5 3Lw Joko t s § 5 32,05 02

29,5 (atnie i oah gty 0Slac 5 oably 3 Slac
I8N s ooV 0 sosgame gz, Ly a5 esls a5
laail L aslllas o) 5l sowloamsay mls (¥ JSE) w)ls
Sliw! 6l MWL e 5as o Bagheri & Torabi (2015)
3,90, o Aryakia et al, (2017) .coolas cdllas buds

Predicted maximum leaf area

Predicted Harvest Index

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

100
90
80
70
60
50
40
30
20
10

30,8 oy Cews il el a4 gaaley

A
PR S
e *
e I YR
e SR D¢ ¢
P YRR
05 1 15 2 25 3 35 4

Actual maximum leaf area

X

0 10 20 30 40

50 60 70 80 90 100

Actual Harvest Index

Predicted yield (g/m?)

Predicted biological yield (g/m?)

dslio 4 bgsye 5 o] (slaojgel duslio 1ails o ,Slos

o, Shoe g glace,jo slaialosl 5l saslewmsas o, Slos po
Al Lol i cou Jow aS ol Hlias Jaw )0 oads cio i
oy Lo a0, Slee 3l ps5 (momiem U5 s 0B
YVEY /Y plp cbpas eads Jlo s las Ol e Sle

)‘.)9_4,.5 u"}"” B ‘Q"‘ » 05)19 (\“Jsu\?) W Cwsddy ¢/ 9

600

500

400

300

200

100

800

700

600

500

400

300

200

100

7 B
L ety
_ "' '
0 100 200 300 400 500 600
Actual yield (g/m?)
i D e
_ g e
$,e ¥
: o200 e
| P e
K ’I’ ’
0 100 200 300 400 500 600 700 800

Actual biological vield (g/m?)

2ol blio j0 oud oualine (D) S jjelgw o Slocg (C) culild yy ol «(B) 0 ,Soc (A) S p mhaw S Tas Y JSCi
ooyl oot o iy

wilios Ve IAD 5 1IN0 b Kl o el s YU erabai bglas 5 )0) L G yas o3 L

Fig. 2. Predicted maximum leaf area (A), yield (B), harvest index (C) and biological yield versus them actual mounts

Continuous line is line 1:1 and upper and lower dashed lines are 1:1.15 and 1:0.85, respectively.
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Introduction

Bean is now considered as one of the most important products in the Middle East, Africa, China and
parts of Europe and Australia in human and animal nutrition (Turpin et al., 2002). Bean is a suitable herb in
rotation with cereals. Because it can break the cycle of many common diseases of grains and reduce the
population of nematodes. The model is a tool that helps us interpret and understand the world in which we
live (Boote et al., 2003). Precise prediction of the phenology of crops is one of the essential features of
simulation models. From models, improved crop production management can be used to predict the probable
dates of harvesting or predicting final yields, or more actively, to predict the timing of phenological events.
The production and distribution of dry matter in crop simulation models is largely regulated by the timing of
development stages. Understanding how the bean's phenological development response to day length and
temperature, creates a model for predicting the time of occurrence of different stages of development of this
crop. The aim of this study was to obtain a model for predicting phenological stages, maximum leaf area
index, economic and biological yield, as well as harvest index of bean plant under Gonbad conditions.

Materials & Methods

For the main data, the values obtained from field experiments were carried out at the research farm of
the Faculty of Agricultural Sciences and Natural Resources of Gonbad-e-Kavou’s University under favorable
rainfed conditions and free of pests, weeds and bean diseases. The experiment was a factorial based on
randomized complete block design with four replications in two years. Planting density was at four levels (8,
12, 16 and 20 plants/m?) and sowing date was in three levels (13 November, 1391, 13 December, 1391, 13
December 2012 and 7 December 2011, December 4, 2011 and December 17, 2011). The model used in this
study was similar to that of Soltani et al, (1999) for chickpea. Meteorological and climatic data was from
1994 to 2014 of Gonbad. 24 different scenarios including different combinations of density and planting
dates were defined for two years in the model. In order to compare simulated data with field experiment data,
evaluation indices, explanation factor (R?), root mean square error, normalized root mean square error and
line 1: 1 were used. The higher the R? value from the linear regression of functions and the 1: 1 line closer to
one, indicates a high correlation between simulated and observed values and is a sign of a better description
of the model in simulating the desired attribute.

Results & Discussion

The coefficient of explanation between the predicted values and obtained from field experiments on day
to flowering was 0.89. The root mean square error and its normalized value were 2.99 and 1.29 days,
respectively. Also, comparison of the number of days to harvest obtained from field experiments with values
obtained from the model showed that all of these values are in the range of 15% up and down the 1:1 line.
The results showed that the model also well predicted day to pod setting. So that the explanation coefficient,
root mean square error and normalized root mean square error, between the data obtained from field
experiments and the predicted data of the model were equal to 0.81, 2.99, and 12.0, respectively. Regarding
the day to the physiological maturity, the coefficient of explanation, root mean square error and normalized
root mean square error were 0.9, 5.84, and 12.0, respectively, which all represent a good prediction of the
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model. The explanation coefficient (R?) was obtained by analyzing the linear regression of the functions
between day to harvest and the predicted values equal to 0.91.

Conclusion

The results showed that the model could well predict the phenological stages of the faba bean, with the
exception of the day to the emergence. This prediction was at the highest level in the stages leading to bean
harvest, so that the highest coefficient of explanation with a value of 0.91 was found for the number of days
to bean harvest. Our study showed that the above model cannot predict well the maximum leaf area index,
yield, biological yield and harvest index in dune weather conditions and under our farm experiments.
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