
Fungal diseases and inappropriate sowing dates, the most important reducing
factors in cumin fields of Iran, a case study in Khorasan provinces

Behnam Kamkar a,*, Alireza Koocheki b, Mehdi Nassiri Mahallati b, Jaime A. Teixeira da Silva c,
Parviz Rezvani Moghaddamb, Mohammad Kafi b

aDepartment of Agronomy, Gorgan University of Agricultural Science and Natural Resources (GUASNR), Pardis No 2, Postal code: 49189-43464 Gorgan, Iran
bDepartment of Agronomy, Ferdowsi University of Mashhad, Postal code: 91775-1163 Mashhad, Iran
c Faculty of Agriculture and Graduate School of Agriculture, Kagawa University, Miki-cho, Ikenobe 2393, Kagawa-ken 761-0795, Japan

a r t i c l e i n f o

Article history:
Received 17 July 2010
Received in revised form
15 November 2010
Accepted 16 November 2010

Keywords:
Yield gap
Model
Fungal diseases
Reducing factors

a b s t r a c t

A simple model was constructed, tested and used to determine the potential yield of cumin (Cuminum
cyminum). Using model outputs and data obtained from 228 fields, yield gap was determined. Yield gap
varied considerably among regions (from 2.42 to 0.68 ton ha�1). Stepwise regression on data collected
from fields showed that 73% of yield gap variation in 228 fields could be explained by fungal diseases
(Fusarium oxysporum and Alternaria burnsii), inappropriate sowing dates and successive planting.
Therefore, these were considered to be the main reducing factors in the studied regions, with 38%
contributed by fungal diseases, 30% by sowing date and 5% by successive planting. When 67% of surveyed
fields (averaged for all fields) were infected with these diseases and when there was a 3-mm increment
in precipitation, infection increased about 1%. Our results indicated that 1% of the fungal infection
increase equals to a yield loss of 150 kg per hectare. Sowing date of 63% of fields were also not within the
appropriate range. Therefore, appropriate sowing date and all possible approaches to alleviate the effects
of fungal diseases are the most fundamental advices to fill the gap between potential and actual yield of
cumin in Khorasan provinces, Iran. Detailed descriptions of the model, important physiological param-
eters and other important state variables are also presented.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Determination of potential yield, finding yield gap and optimi-
zation of these systems to decrease yield gap can be considered as
three hierarchical steps to increase production and farmers’
income. To optimize production systems, it is essential to deter-
mine yield gap and to gather yield gap knowledge on the theo-
retical ceiling of production under different climatic conditions.

Crop simulation models have been used to determine potential
yield in different crops, such as wheat (Aggarwal and Kalra, 1994;
Pathak et al., 2003; Wu et al., 2006), peanut (Meinke and
Hammer, 1995), rice (Pathak et al., 2003) and maize (Binder et al.,
2008). These kinds of models have also been used to evaluate

yield gaps in different crops such as wheat (Calvino and Sadras,
2002; Kalra et al., 2007), rice (Haefele et al., 2001; Yang et al.,
2008), sorghum and pearl millet (Murty et al., 2007), groundnut
(Boote et al., 1991) and soybean (Calvino et al., 2003). Such process-
based simulation models have not been developed and applied for
many crops such as cumin (Cuminum cyminum L.). Cumin is an
annual Umbelliferous plant commonly cultivated in arid and semi-
arid regions of Iran, especially in Khorasan provinces. The crop is
generally grown in sandy loam to clay soils during the winter
season using irrigation (Lodha, 1995). Despite the relative impor-
tance of this medicinal plant in crop rotations of arid and semi-arid
regions and many advantages such as low water requirements and
its high value in agricultural exports, it has not been adequately
studied and there is not much information on potential yield of the
current cultivated area.

This study was aimed to develop a simple model to calculate
cumin potential yield and yield gap. Because cumin is a special crop
in many regions of Iran, there is paucity of information from this
crop to allow its simulation by detailed process-based models.
Therefore, our simple model is to simulate potential dry matter and
seed yield of cumin. Then, we used the model results to find yield

Abbreviations: SFP, seed filling period; RUE, radiation use efficiency; Fabs, frac-
tion of absorbed radiation; LEC, light extinction coefficient; I, intercepted radiation;
DEVS, development stage; LW, leaf weight; SGA, specific green area; PP, photope-
riod; CPP, critical photoperiod; DEVR, development rate; DTT, daily thermal time;
GLA, green leaf area; TDM, total dry matter; GAI, green area index; HI, harvest
index.
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