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Figure 2- Dendrogram of performing cluster analysis on
agroclimatic variables of counties over Khorasan-Razavi

province showing 3 separate homogenous regions (R;, R,
and Rj), clustering is based on 75% similarity
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Figure 1- Location of 17 selected districts within the
Khorasan Razavi province subjected to the analysis
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1- Atmospheric transmission
2- Agroclimatic

3- Cluster analysis

4- Ward method
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Figure 3- Average monthly temperature, cumulative monthly precipitation and cumulative monthly radiation in 3
agroclimatic regions (R1-R3) of Khorasan Razavi province
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1- Light Interception and Utilization (LINTUL)
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Figure 4- Steps in cross calibration and validation of

model using leave-one-out (LOO) method based
on 3-year yield data.
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4- Root Mean Square Error of Prediction
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1- Boundary line
2- Frontier production function
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1- Exploitable gap
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Table 1- Comparison of percentage root mean squared error of prediction (RMSE %) for irrigated wheat and sugar beet
yield in 3 agroclimatic regions of Khorasan Razavi after validation of model at plot level and after cross validation

Region 1 Region 2 Region 3
) asb Y 4ol Y asb
Wheat ».5
Plot validated model « s )5 jlsel o 19.2 18.4 18.7
Cross validated model e jlzel oy 11.3 10.6 11.1
A RMSE 79 7.8 7.6
Sugar beet x3,us
Plot validated model « s ;5 Jlsel o 205 19.7 19.1
Cross validated model e jlasc! s 13.1 12.1 12.6
A RMSE 74 7.6 6.5
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Figure 5- Cross validation of observed and simulated yields of wheat and sugar beet in 3 agroclimatic regions
(R1, R2, R3) of Khorasan Razavi province. For both crops the slope of regression lines
was not significantly different from 1:1 line (dotted line).
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Table 2- Mean actual yield and its coefficient of variation (CV) and simulated values of potential yield, yield gap and
relative yield gap for sugar beet during a 10-year period (1384-1393) in 3 agroclimatic
regions of Khorasan Razavi province and up-scaled results to the whole province

Region 1 Region 2 Region 3 Province
Y 4l Y asl Y anl Ol
Sugar beet
A ydse

Actual yield (YA kg ha™) g 5,8kas 36.4 3458 34.9 34.2
CV (%) (%) s gy 9.5 11.9 10.8 9.2
Potential yield (YP kg ha™) bty 3 Slas 84.9 78.6 87.7 83.9
Yield gap (YG kg ha™) 3,Slas M5 485 43.8 52.8 49.7
Relative gap P VE 0.57 0.56 0.60 0.59
Yield gapgsy, (YGasw kg ha™®)(/As) s Skee s 35.8 32,0 396 37.1
Relative gap (85%) (FAD) (o5 M5 0.50 0.48 0.53 0.52
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Figure 6— Potential yield (YPgs,) and exploitable yield gap (Y Ggso,) of sugar beet in 3 agroclimatic regions of Khorasan

Razavi province (a-c) and relative gap (d-f) during 1384-1393 periods. Yield gap is presented as negative values to show the
rate of gap filling (b, t ha™ y') during the studied period
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Table 3- Mean actual yield and its coefficient of variation (CV) and simulated values of potential yield, yield gap and relative

yield gap for irrigated wheat during a 10-year period (1384-1393) in 3 agroclimatic regions of Khorasan Razavi province and
up-scaled results to the whole province

Province Region 3 Region 2 Region 1
Ol Y asl Y anl ) anl
Irrigateded wheat
o piS

Actual yield (YA kg ha™) iy 3,Slas 2893 2710 2951 2875
CV (%) (L) &l puis gy 193 22.0 16.7 18.9
Potential yield (YP kg ha™) Jut, 5 ,Sles 7248 6474 7852 6936
Yield gap (YG kg ha')s Slee -3 4409 3764 4937 4061
Relative gap RIS (28 0.61 0.58 0.63 0.59
Yield gapgse, (YGgso Kg ha™)  (/A) 5,Sles -5 3268 2792 3723 3021
Relative gap (85%) (FAD) (g M- 0.53 0.51 0.56 0.51
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Figure 7- Potential yield (YPgse,) and yield gap (YGgse,) of irrigated wheat in 3 agroclimatic regions of Khorasan Razavi
province (a-c) and relative gap (Y Gygso,/YPgso,) in the studied regions (e-f) during 1384-1393 period
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Figure 8- a) Time trend of grain filling of wheat simulated by LINTUL model (data from simulation results under Mashhad

conditions for 2011-2012 season) and fitted sigmoid function. b) Grain filling rate estimated from the first derivative of the
sigmoid function. ¢) Third derivative of the sigmoid function showing start and end of effective grain filling period (EGFP)
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Figure 9- Relation between effective grain filling period (EGFP) and potential yield of irrigated wheat (a) and response of

EGFP to mean daily temperature during grain filling period (b). Data points (n=60) are obtained from 10 years simulation of
wheat yield in 2 selected stations from each of 3 climatic regions of the province
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Figure 10- a) Frontier production function for relation between rainfed wheat yield and annual precipitation in Khorasan
Razavi and Shomali provinces. The function is fitted to yields recorded in controlled experiments and high yielding farms
(closed circle a), actual yields are shown with open circles. b) Relation between yield gap of rainfed wheat and annual

precipitation and. c) relation between ratio of actual yield to attainable yield (Y,/Yw) and annual precipitation in Khorasan
Razavi and Shomali provinces
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Figure 11- Relation between water use efficiency (WUE) and annual precipitation for rainfed wheat production systems of
Khorasan Razavi and Shomali provinces obtained from frontier production function, closed circles show WUE of controlled
experiments and high yielding fields and open circles are actual WUE
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Table 4- Mean actual yield and its coefficient of variation (CV) and predicted values of potential yield, yield gap and relative

yield gap for rainfed wheat over a 10-year period (1384-1393) in 3 agroclimatic regions of Khorasan Razavi province and up-
scaled results to the whole province

Region 1 Region 2 Region 3 Province
Y 4l Y asl Y anl bl
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Yield gap (Y kg ha™) 5 ,Shos M 2250 1651 2130 1990
Relative gap RS VS 0.80 0.83 0.84 0.81
Yield gapgsss (Yossw kg ha™)  (/A) s Sles -5 1828 1352 1749 1625
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Figure 12- Relation between yield gap of rainfed wheat yield and water use efficiency (WUE) in production systems
of Razavi and Shomali provinces
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Introduction: To realize global food demand by 2050 world cereal production should be increased up to
49% compared to 2006. This level of production could be achieved by annual yield increment of 1.16%.
However, the current rates are much lower. At the same time, there is a very restricted area to increase cultivated
lands because of resource limitation, provided that increase in crop yields is the main option to sustain food
security. Potential yield (YP) could be achieved when limiting and reducing factors are completely absent during
crop growth. YP is an indicator for the yielding capacity of a given environment and management system and
estimating the difference between YP and actual yield, known as yield gap, is crucial for improvement of crop
production systems at regional or national scale. In this study yield gap and its temporal trend for sugar beet,
irrigated and rainfed wheat are estimated over Khorasan Razavi province based on the method developed by
Global Yield Gap Atlas.

Materials and Methods: Following the protocol provided by Global Yield Gap Atlas, Khorasan province
was clustered into agroclimatic zones using the proposed indices (cumulative degree days above 0 °C, aridity
index and temperature seasonality) based on 10 years (1384-1393) weather data. YP of sugar beet and irrigated
wheat for the study period in the climatic regions was first estimated for selected cities within each region using
LINTUL model and finally the simulation results were up scaled from cities to region and from regions to the
whole province. The model was cross-validated against measured data using leave-one-out (LOO) method to
increase accuracy of predictions. Potential yield of rainfed wheat (YW) was estimated from frontier production
function which was fitted to yield data over a wide range of annual precipitation. Yield gap (YG) of the studied
crops was estimated as the difference between potential (YP) and actual yields (Y A) for each region and over the
10-year period. In addition exploitable gap (YG85%=85%YP-YA) was also calculated.

Results and Discussion: The accuracy of LINTUL model for simulation of sugar beet and irrigated wheat
yields was considerably increased after cross validation and the prediction error was reduced by 6.5 - 7.8%.
Mean YP of irrigated wheat in the climatic region 1 (temperate, semi-dry), 2 (hot, dry) and 3 (temperate, dry)
was respectively, 7248, 6478 and 7852 and for the whole province 6936 kg ha-1. Time trend of YP for irrigated
wheat was not significant in 3 climatic regions however, high annual variation of YP was found over the studied
period. Results indicated that up to 74% of this variation was accounted for by changes in the effective grain
filling period in response to temperature. YG85% of irrigated wheat in all climatic regions was increased up to 4
t ha™* during 1384-1388 but decreased later on so that relative gap was 0.48-0.50 of YP in 1993. Average YW of
rainfed wheat in the climatic regions of the province was estimated as 2000-2800 kg ha™ with a negative trend
due to decreased precipitation, the highest negative slope in YW (59 kg ha™ y™) was found in the hot dry region.
Rainfed wheat showed an extremely high yield gap in all climatic regions and mean relative yield gap (YG/YW)
was estimated as 0.75-0.80 over the province. Mean YP of sugar beet in different climatic regions of the
province was estimated from 78 to 88 t ha-1 with the lowest potential in hot-dry region. However, declining
trend was found in the yield gap of sugar beet in all studied regions with the highest gap filling rate of 1.44 t ha™
y* in temperate-dry region.

Conclusions: Simulated YP of sugar beet and irrigated wheat were higher in temperate-semi arid regions of
the province and lower in hot-dry regions. However, cold-semi arid regions had the highest YW of rainfed
wheat. When up-scaled over the province, YG85% was about 50% of YP for irrigated wheat and sugar beet and
25% for rainfed wheat. It was concluded that closing yield gap of sugar beet and irrigated wheat would be
possible mainly by improving management practices however, for rainfed wheat breeding strategies should be
considered as the first priority.
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