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1- Maintenance respiration
2- Growth respiration
3- Light saturated leaf photosynthesis rate
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Figure 1- Daily gross photosynthesis rate (GPHOT, kg CH,O ha™d™) for closed canopy (linear growth period) as function of

maximum photosynthesis rate of single leaf at light saturation (Fg, kg CO, ha™h™) and daily radiation (MJ md™) in latitudes
between 0-40. Source: Versteegand van Keulen, 1986.
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Figure 2- Relation between maximum photosynthesis rate of single leaf at light saturation (Fg, kg CO, hah™) and
temperature in 4 groups of crop species: 1) Temperate C3 species (wheat, barley, potatoes, sugar beet), 11) Warm climate C3
species (rice, soybean, cotton, cassava), I11) C4 species (corn, sorghum. millet, sugarcane) 1V) cultivars of C4 species (corn,
sorghum) adapted to lower temperature, Fg is the same as group 111 but in 5 C° lower temperature. Versteeg and van

Keulen, 1986



VYV olelys bl 5o oo jusss g pusS 8 Shes Sl

- 0.04 4

0.07
0.06
0.05 4

0.03

0.02 A
1
0.01 A /

0 5 10 15 20 25 30 35 40 45
Temperature (°C)
(F 5 ¥k e 0555 (1 512 0y Jetd b 3 5,1 42 il 5 (Y 9 ) 5¥ala 3 C1) (8055 (S oy o e Y S

OY ey saigs
Figure 3- Relation between coefficient of maintenance respiration (C; in Equations 5 and 6) and average growth period
temperature for 1) non-leguminous species and b) leguminous species. Source: Versteeg and van Keulen, 1986
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Figure 4- Correction of maintenance respiration coefficient (C,, kg kg™) for deviation from reference temperature (ref)
during linear growth period (46 days) in 5 groups of crop species (Table 1) with different daily respiration rates (R, kg

CH,0 kg DM™ d%), reference temperature for C3 and C4 species is 20 and 30 °C, respectively. Source: Versteeg and van
Keulen, 1986
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Table 1- Maintenance respiration rate (R, kg CH,O kg DM*d™?) and conversion efficiency (E, kg DM kg* CH,0) at
reference temperature (20 and 30 °C for temperate and tropical species, respectively). Source: Versteeg and van Keulen, 1986
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Figure 5- C,, factor for correction of maintenance respiration coefficient (C,) at different durations of linear growth period,
C, is equal 1 for liner growth period of 46days. Source: Versteeg and van Keulen, 1986.
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Figure 6- Fraction of absorbed radiation (F,,s) by crops during different growth stages, arrows shows start and the end of
linear growth phase
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Figure 7- Distribution of measured yields of wheat (a) and sugar beet (b) in experimental plots and high yielding farms in 3

different regions. Lower and upper limits of the box (rectangle) shows the fist and third quartiles and the inner line is
median, provided that 75% of the data are covered by the box, outer lines (whiskers) show 95% interval.
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Figure 8- Comparison of observed wheat yields in Torbat, Mashhad and Neishabor cities with predicted potential yield using

5 methods: SUCROS model, LINTUL model, RUE method, FAO method and FAO modified (FAO-M) method. Regression
(solid) and 1:1 (broken) lines are also shown.
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Table 2- Statistical measures for comparison between 5 methods used for estimation of potential wheat yield, mean observed
yields (O), mean predicted yields (P), MB mean bias, RMSE root mean square error, RMSE, ratio of root mean square error

to mean-O, ME modeling efficiency. a, b show intercept and slope of the regression line between observed and predicted
yields and R? is the coefficient of determination.

LINTUL SUCROS RUE FAO FAO-M
Mean-O (t ha™) 7.18 7.18 7.18 7.18 7.18
Mean-P (t ha) 7.26 7.30 7.29 7.27 7.33
MB (t ha®) -0.08 -0.12 -0.12 -0.09 -0.16
RMSE (t ha®) 0.19 0.25 0.28 0.31 0.37
RMSE, (%) 2.72 3.49 3.91 4.39 5.15
ME 0.85 0.76 0.70 0.62 0.47
a 0.49 0.57 1.41 0.24 0.6

b 0.94 0.93 0.81 0.97 0.93
R? 0.88 0.82 0.75 0.73 0.67

(P<+/+0) 5,5 (Y=X) Vo) bad s g o 51 yoye b ()l st ool n jbg, 5 Sogun D 5@ olis
In all methods the values of a and b are not significantly different from the intercept (a=0) or slope (b=1) of the 1:1 line (P<0.05).
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Table 4- Statistical measures for comparison between 5 methods used for estimation of potential sugar beet yield, mean
observed yields (O),mean predicted yields (P), MB mean bias, RMSE root mean square error, RMSE, ratio of root mean

square error to mean-O, ME modeling efficiency. a, b show intercept and slope of the regression line between observed and
predicted yields and R? is the coefficient of determination.

LINTUL SUCROS RUE FAO FAO-M
Mean-O (tha?) 82.50 82.50 82.50 82.50 82.50
Mean-P (t ha™) 82.09 81.91 82.50 82.56 82.55
MB (t ha) 0.40 0.59 -0.01 -0.06 -0.05
RMSE (t ha™) 3.14 3.43 3.28 3.29 3.54
RMSE, (%) 3.80 4.16 3.98 3.99 4.29
ME 0.64 0.57 0.60 0.60 0.54
a 7.25 10.97 3.59 20.89 20.77
b 0.91 0.86 0.95 0.74 0.75
R? 0.7 0.64 0.69 0.62 0.58

(P<e/+0) 5yl (Y=X) Vi) s ol g slie 1 ()2 b (g)ls dime glds a3, 5l Soud 5D 5@ jlie
In all methods the values of a and b are not significantly different from the intercept (a=0) or slope (b=1) of the 1:1 line (P<0.05).
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Figure 9- Comparison of observed sugar beet yields in Torbat, Mashhad and Neishabor cities with predicted potential yield

using 5 methods: SUCROS model, LINTUL model, RUE method, FAO method and FAO modified (FAO-M) method.
Regression (solid) and 1:1 (broken) lines are also shown.

L o > il bulpd 3 Wg5 (gjlwdnd &Sg329 b

Mo (g dusy o0 iy o3l (59555 b o] Cadgaome byl
Sz (Goudriaan, 1996) 51> 5559 ywme (pl ) (slodes
2 25290 sloyiehl 2l ol ol oo |y gilwand sla s
4 )3 5 035 it s A cul 3 o Jae 125387 (sl ]
olie Jo 4y iy 3 Wil szl (sl 5o 9)90 9399 slaesly
Jb 4 gedmn sl Jse a5 Canl cply (eges sl g dalgs
Sty C83 3l gai 5 4y (sladil b 4y byyye Slije 4 By
1y 5y Slos o3l sla Jie Yo are Jras j3 g didly Jlay9 5
Jamieson et ) 1S e 359l oduzn (sl S 5l 5 5B ol yeay
al., 1998; Brooks and Tobias, 1996; Brooks and Tobias,
5 ol laosly jl ookl L (Goudriaan, 1996) L3¢5 (1999

PSS el 0ySlos o yiw 1y Jae WY culbld il slon
Sl ,lE bl 050 calise slalae )

Slie o gilwand la i (npim 200 g9 |

2 Sldles o)l jo wlidlen glaoly dlale ol 1Sl
van ) el op Jod B Sl (5 5 (o csladbate lide
Bussel et al., 2011; Deryng et al., 2011; Neumann et al.,
aoMs g5 (Brooks et al., 2001) ,LSen 5 S5y (2010
byl s o pasS 5, Ses (gjlwdnnis (gl |y SiFiUs Jae 5 (glosds
oSl leoliwl b 1y olps s oole a5 055,843l sl
atoleo 50 (gl o (gdaidygd aidiadd g Cyly > ds > dlale
Jol5 e Ly osbs Jao o 51 ol gl 5 855 (oo (mnistes
van Wart et) | ,Ken 5 o)l 46 acll .ol auslds L6 Sirius
Gl o Luiblg @ilale ola 1, Sbo 48" aiisly oLy (al., 2013
gy Ao g 0dls L 1) cadisee (slmole y3 olen ¢ o
I 0 BB s I S5 sla el )3 0394 3, Ses (i



YYD olulys bl 5o ol jusss g pusS 8 Sles Sl

9 9 9
- e
8 - 8 - . % 8 - T
. l'.. ] L > o3
i L/ 'y i - i
’a\ 7 : ‘o' U : A * 7 $ .-
S 6 . 6 1 6 1 :
= a) FAQ b) FAO-M ¢) RUE
% 5 T T T 5 T T T 5 T T T
= 5 6 7 8 9 5 6 7 8 9 5 6 7 8 9
=
£ 100 100 100
.- '.
?J [ | . "
pi: 2 - . 3 ..|.~ 90 LI [ " 90 - :%‘. .
g 5. , i i ] a"
80 '-‘ t 80 "'}. 80 .r..‘ *y
70 1 70 - * 70
a) FAQ b) FAO-M ¢) RUE
60 T T T 60 T T T 6[] T T T
60 70 80 90 100 60 70 80 90 100 60 70 8 90 100

Predicted yield (LINTUL, t'ha)
9 (C 9 b ‘a) 'o..\.»f XYW O b)s.lo& J)&o » RUE 9FAO-M FAO dl&wg, hwgs X O b)SJAS )1.5.9' M—\' Jﬂw
oA SUSET owy 9 C dlaie du 4 bgape (s Slos KW 13 LINTUL (g lwaamd Juio dawei (F g€ d i i

Figure 10- Cross validation of the predicted yield of wheat (a, b and ¢) and sugar beet (d, e, and f) by using FAO, FAO-M and
RUE methods against predicted yield using LINTUL simulation model, data from 3 regions are not separated.
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Figure 11- Cumulative probability of observed yields of wheat in 3 studied regions (a) and cumulative probability of
predicted yields using 5 different methods for Torbat (b), Mashhad (c) and Neishabor (d).
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Figure 11- Cumulative probability of observed yields of sugar beet in 3 studied regions (a) and cumulative probability of
predicted yields using 5 different methods for Torbat (b), Mashhad (c) and Fariman (d).
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Introduction

Potential production condition is defined as situation where water and nutrients are supplied in ample with no
damage from weeds, pests and diseases. Under this situation potential yield (Yp) which is defined by solar
radiation, temperature, CO, concentration and genotypic characteristics of the crop species could be achieved.
Closing the gap between Yp and actual yield (Ya) harvested by farmers is considered as the main challenge of
agronomic sciences all around the world. Crop simulation models provide a powerful tool for prediction of Yp at
regional and national scales. However, the accuracy of these models is highly dependent on the quality of input
data which are usually not fully available even in developed countries. Simplified models designed based on few
simple equations may be considered as an alternative where accurate data sets are lacking. In this research, Yp of
wheat and sugar beet were estimated using some simple methods and the results were compared with those of
complex simulation models under the same climatic and management conditions in Khorasan province, north
east of Iran.

Materials and Methods

Potential yields of wheat and sugar beet were estimated by three simple calculation methods including FAO
method (FAO, 1981), modified FAO, FAO-M (Versteeg and van Keulen, 1986) and RUE-based method
(Nonhebel, 1997) at three different regions (Torbat, Mashhad and Neishabor) in Khorasan province. In these
methods total above ground dry matter (DM) is calculated using two equations and Y/, is estimated as the
product of DM and harvest index with minimum weather data requirements. In addition, Yp for both crops and
at the same locations was predicted using LINTUL and SUCROS simulation models which were previously
calibrated for yield estimation of wheat and sugar beet at regional level. The accuracy of predicted potential
yields by five methods was compared statistically against the measured yields obtained from the field
experiments and high yielding farms at the studied regions.

Results and Discussion

Mean observed yield of wheat over the three studied regions was 7.18 t ha™ and the estimated potential yield
in the same regions using two simulation models and three simplified models was ranged between 6.92 and 7.63
t ha™. Prediction error for the simulation models was 1.39 and for simple methods less than 5% (4.64%).
Relative root mean squared error (RMSE,) for the simple methods was higher than that of complex models.
However, it was between 7.11 and 10.16 % of the mean measured wheat yield which could be statistically
considered as reasonable. Calculated values of modeling efficiency (ME) were positive and higher than 0.60
except for FAO-M method (ME=0.48). Measured sugar beet yield averaged over regions was 82.5 t ha™ and
estimated potential yield by different methods was between 89 and 91 t ha™. Simple calculation methods had
lower accuracy in predicting sugar beet yield compared to simulation models but RMSE,of simple methods
never exceeded 11.5% showing statistically acceptable prediction. Cross validation indicated significant
correlation between the results of three simple methods and that of complex simulation models.

Conclusions

Results of this study showed that potential yields of different crops can be estimated accurately using simple
calculation methods with minimum weather data requirements. Such methods may be used as an alternative for
agroecological zoning and yield gap analysis at regional level where calibrated simulation models and complete
daily weather data sets are not available.
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