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Background and objectives: In Iran, protein supply heavily relies on
plant-based sources. Therefore, any effort to improve the yield and
quality of protein-rich crops, particularly legumes, is paramount.
Increasing yield through optimizing production management and
mitigating factors that contribute to yield gap is the most suitable way to
increase crop production and enhance food security. Hence, for a
sustainable food supply, accurate estimation of potential yield and yield
gap of crops is essential. Given the importance of the common bean
(Phaseolus vulgaris L.) in Iran, the present study aimed to estimate the
yield and production gap, and water productivity of this crop in the main
production climatic regions in Iran based on the Global Yield Gap Atlas
(GYGA) project. at the University of Agricultural Sciences and Natural
Resources of Gorgan.

Materials and methods: To estimate the common bean yield gap and
water productivity in Iran according to the GYGA protocol, data on
farmers' yields (Ya), harvested areas, and production were obtained from
the Ministry of Agriculture of Iran. This data encompassed a 15-year
period, spanning from 2001 to 2015. Subsequently, a distribution map
of common bean cultivation in the country was generated. Then, by
overlaying this map with the climatic zoning map of Iran, the main
climatic zones (DCZs) for bean production were identified.
Subsequently, reference weather stations (RWSs) were selected within
each identified DCZ based on the harvested area. To estimate potential
yield (Yp) and water productivity (Wp), the SSM-iCrop2 simulation
model, locally calibrated and validated, was employed. This model
utilized weather data, predominant soil types, and prevailing agronomic
management practices specific to each selected region. Finally, the
common bean yield gap (Yg) was calculated as the difference between
potential and actual yields for each RWS. These yield gap estimates
were then upscaled to the DCZ and national levels.

Results: Comparison of the actual yield of common bean reported by
the Ministry of Agriculture of Iran with actual yield calculated using the
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GYGA protocol for the country showed high accuracy of this protocol,
with RMSE, CV, and r values of 84 kg ha™, 4%, and 0.96, respectively.
Actual yield of common bean in the main regions of production in Iran
ranged from 1.6 to 2.3 t ha™ during 2001 to 2015. Grain Yields across
the main climatic zones varied from 1.1 t ha™ (climatic zone 4202 in
Germi) to 2.3 t ha (climatic zone 3003 in Avaj), with an average of 1.9
t ha. Common bean potential yield was estimated to range from 3.4 t
ha™! (climatic zone 4202 in Germi) to 5.4 t ha” (climatic zone 4103 in
Hamedan and Bijar), with an average of 4.5 t ha™. This analysis revealed
a yield gap of 1.8 to 3.5 t ha™ (with an average of 2.6 t ha") equal to 46-
67% (with an average of 57%) across the main common bean-producing
zones of Iran. The average water productivity potential for common
bean in Iran was estimated to be 0.76 kg m™.

Conclusion: According to the results, if the yield gap is addressed by
optimizing production management and yields are brought to attainable
level (80% of potential yield), grain yield increases from the current
yield of 1.9 t ha” to 3.6 t ha™', and with the same harvested areas, bean
production in Iran would increase from the current production of
222,705 to 415,822 tons, representing a 46% increase. This substantial
increase in production would have a significant positive impact on food
security and potentially contribute to increased farmer incomes and
reduced food imports.

Cite this article: Mohammadi, S., Zeinali, E., Soltani, A., Torabi, B. 2024. Estimation of yield
gap and water productivity of common bean (Phaseolus vulgaris L.) in Iran. Crop
Production Journal, 17 (3), 165-190.
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Table 2- Main climate zone in bean production areas in Iran and the number of reference weather station
(RWS) in each DCZ, zoning is based on GYGA-ED. National bean crop area is 114593ha (2014 to 2016).
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Table 1- Major soils in bean production areas of Iran based on IFPRI Harvest Choice (36).

S Soc SOLDEP SALB CN DRAINF SAT DUL LL
Soil code
HC16-Clay MF060 0.7-1.2 600 0.05 85 0.2 0.458 0.405 0.233
HC19-Clay LF060 0-0.7 600 0.05 85 0.2 0.458 0.405 0.233
HC22-Loam HF060 >1.2 600 0.10 75 0.5 0.41 0307 0.180
HC25-Loam MF060  0.7-1.2 600 0.10 75 0.5 0.41 0307 0.180
HC28Loam LF060 0-0.7 600 0.10 75 0.5 0.41 0307 0.180
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Soc: Organic carbon (%); SOLDEP; Depth (mm); SALB; Albedo; CN: Curve number; DRAINF: Drainage factor;
SAT: Saturation (mm mm"); DUL: Drained upper limit (mm mm); LL: Drained lower limit (mm mm™)

Soil codes (IFPRI Harvest Choice): 16=Clay, medium fertility, 60 cm depth; 19=Clay, low fertility, 60 cm depth;
22=Loam, high fertility, 60 cm depth; 25=Loam, medium fertility, 60 cm depth; 28=Loam, low fertility, 60 cm depth
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Figure 1- Trend of bean yield (a), production (b) and harvested area (c) in Iran using 2001-2015 statistics
from Ministry of Agriculture (2016) (29). The average actual yield (kg ha!) of the country reported by
Ministry of Agriculture versus the actual yield of the country calculated by the GYGA method for bean.
Time period is 2000 to 2014. The £20% discrepancy lines are indicated by dashed lines. Solid line is1:1
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Table 3- Bean actual yield (Y, kg ha!), potential yield (Y,; kg ha™'), yield gap (Y kg ha!), relative yield
(%RY), attainable yield (Y a«x; kg ha'!), exploitable yield gap (Yg; kg ha™') and water productivity based on
wet matter (Wp; kg m™) in its main climate zones in Iran. Attainable yield is 80% of potential yield.
Potential yield is simulated by SSM-iCrop2 model during 2001-2015 and is adjusted with 12% moisture
content. Actual yield was calculated using recorded yield statistics obtained from Ministry of Agriculture

(2016) (29) during 2001-2015.
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Table 4- Bean actual production (P, ton), potential production (Pp, ton), production gap (Pg; ton), relative
production (%RP), attainable production (Pay; ton), exploitable production gap (Pg; ton), in its main climate
zones in Iran. Attainable production is 80% of potential production. Potential production is simulated by
SSM-iCrop2 model during 2001-2015 and is adjusted with 12% moisture content. Actual production was
calculated using recorded yield statistics obtained from Ministry of Agriculture (29) during 2001-2015.
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Figure 2- Bean potential yield (a), actual yield (b), yield gap (c) and exploitable yield gap (d) (kg ha') in
its main climate zones in Iran. Exploitable yield is 80% of potential yield. Potential yield is simulated by
SSM-iCrop2 during 2001-2015 and is adjusted with 12% moisture content. Actual yield was calculated
using recorded yield statistics obtained from Ministry of Agriculture (2016) (4) during 2001-2015.
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Figure 3- The relationship between potential yield (g m?) and the average of maximum and minimum

temprature (TMAX and TMIN, °C), cumulative solar radiation (SRAD, MJ m?) and cumulative rainfall
(RAIN, mm) during the bean from sowing to physiological maturity (2001-2015) in its main climate zones

in Iran.
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Figure 4- The average of maximum and minimum daily temprature (TMAX; TMIN, °C), water productivity
based on wet matter (Wp, kg m~) and radiation use efficiency (RUE, g MJ"!) (a), cumulative solar radiation
(SRAD, MJ m), evapotranspiration (ET, m*® ha'') and cumulative rainfall (RAIN, mm) (b) during the bean
growing season (2001-2015) for each weather station (RWS) in Iran.
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Figure 5- The relationship between water productivity (kg m™) and the average of maximum and minimum
temprature (°C), cumulative solar radiation (MJ m2) and cumulative rainfall (mm) during the bean growing
season (2001-2015) for each reference weather station (RWS) in Iran.
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