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The seeds of two durum wheat landraces, in the centre of Tunisia, were evaluated at germination and 
seedling growth for tolerance to salt condition induced by NaCl at the same water potentials of 0.0, -0.3, 
-0.6, -0.9 and -1.2 MPa with the electrical conductivity (EC) values of NaCl solutions 0.0, 6.5, 12.7, 18.4 
and 23.5 dSm-1, respectively. In this study, we studied the percentage of germination and the growth of 
root and radicals of seeds stressed by salt. There was significant difference between Sboa Aljia and 
Jenah Khottifa in all parameters under salting stress. The germination percentage reaches the 
maximum at -0.3 MPa for both landraces varieties -97.33% for Sboa Aljia and 100% for Jenah Khottifa. 
The growth parameters are highly correlated to the level of salt stress. The highest water uptake noted 
for Sboa Aljia was 31.57% at 0 MPa. But we noted that the highest water uptake of seeds for Jenah 
Khottifa was 34.94% at -0.9 MPa. The length of radicle, the number of roots and the length of roots are 
highly correlated to the different levels of salt stress (coefficient of Pearson: 0.749, 0.418 and 0.695 
respectively). Sboa Aljia is more resistant to salt stress than Jenah Khottifa. The growth of Sboa Aljia 
and Jenah Khottifa becomes slow and has low measures of parameters under the salt stress 14.2 g/L 
NaCl. 
 
Key words: Landrace durum wheat, NaCl, root, coleoptile, water uptake.  
 

 
INTRODUCTION 
 
To begin with, durum wheat is the most cultivated cereal 
in Tunisia. There were 700 000 ha were sown in the 
season 2007-2008 (Bachta, 2011). The irrigated culture 
of cereals is located in a major part in regions where the 
water is relatively salty. Wheat is generally considered as 
mean  salt  tolerance  (Hamza,  1967).  A  shallow   water  

table in combination with high soil salinity often leads to 
permanent soil resource degradation. In arid and semi-
arid climates, soil salinisation constitutes a major problem 
for irrigated land sustainability. Throughout the world, 
about 25% of irrigated areas are affected by salinity and 
water logging (Rhoades  et  al.,  1992).  A  shallow  water 

*Corresponding author. E-mail: inesjlassi@yahoo.fr, Tel: +21622903789. 
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 
License 4.0 International License 
 
Abbreviations: LC, Length of coleoptile; LR, length of root; NR, number of roots; OP, osmotic pressure 

 

 



 
 
 
 
table also constitutes an important soil degradation factor 
(Dieleman, 1970; Jorenush and Sepaskhah, 2003). In 
Tunisia, 36% of the irrigated areas are strongly sensitive 
to salinisation (DG/ACTA, 2006). Soil salinisation over a 
shallow water table depends on climatic conditions, soil  
properties, vegetation, soil management (irrigation, 
fertilization, tillage, etc.), depth and salinity of the 
groundwater Gardner, 1958; Mermoud and Musy, 1991). 
Evaporation from the soil surface creates a water 
potential gradient. In response to this gradient, water is 
transported from deeper levels towards the soil surface 
where it evaporates, dissolves and increases its 
concentration in the top soil Rudraju, 1995; Bouksila et 
al., 2010).   

The demographic increase, urbanization, the socio-
economic development and the intensification of irrigation 
are the origins of an increasing demand on water. In fact, 
in front of this demand, Tunisia, characterized by an arid 
climate, scarcity of water resources, faces a continually 
accentuated hydric deficit. In order to face this hydric 
deficit and to spare with good quality water for drinking, 
the use of with marginal quality (used water and salting) 
water in irrigation becomes a required solution and an 
integral part of the strategy of water management. In fact, 
the water resources are rare with annual mean 4.8 m3 
distributed into 2.7 billions m3 of subterranean waters 
(Direction Générale des Ressources en Eau: DGRE, 
1999). A large part of this water is salty because 28% of 
surface water has a salinity level higher than 1.5 g /L and 
47% of groundwater has a salinity exceeding 3 g/L 
(Rejeb, 2011). 

Upon exposure to abiotic stress conditions, plants 
adopt appropriate strategies with altered metabolism, 
growth and development. This is conducted by an 
elaborate and complicated regulatory circuit including 
stress sensors, signalling pathways and output proteins 
or metabolites (Knight  and Knight, 2001). Among these 
processes, regulation at transcriptional level plays a very 
important role for plants to adapt to the environment 
changes (Singh et al., 2002). 

Salinity stress is commonly divided into two 
components: ionic stress and osmotic stress (Zhu, 2001; 
Lowry et al., 2009). Plants respond to ionic stress by 
active exclusion of salt ions or by shunting salt ions into 
storage tissues in order to maintain cellular homeostasis. 
Osmotic stress arising due to the presence of salts 
(usually Na+) affects a plant’s ability to absorb water and 
thus limits water availability to plant tissues (DeRose-
Wilson and Gaut, 2011). 

Salt stress affects many physiological aspects of plant 
growth. Shoot growth is reduced by salinity due to the 
inhibitory effect of salt on cell division, and reduced dry 
matter increased root: shoot ratio and leaf size caused by 
salinity may be considered as possible ways of 
decreasing yield in wheat under salt stress condition 
(Mass and Poss, 1989; Rawson,  1986). 

Growth inhibition by salt stress also occurs due to  the 
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diversion of energy from growth to maintenance (Nieman, 
1962). To maintain growth under salt stress plants need 
to regulate ion concentration in various organs and within 
the cells by synthesis of organic solutes for 
osmoregulation or the protection of macromolecules for 
maintenance of membrane integrity (Dodd and Donovan, 
1999). 

Salinisation is the scourge of intensive agriculture (Mer 
et al., 2000). High concentration of salts has detrimental 
effects on the germination of seeds (Rahman et al., 2000; 
Kayani and Rahman, 1987) and plant growth (Pandey 
and Thakrar, 1997). Many investigators have reported 
retardation of germination and growth of seedlings at high 
salinity (Bernstein, 1961). However plant species differ in 
their sensitivity or tolerance to salts (Torech and 
Thompson, 1993). 

Generally, salinity leads to a reduction in plant growth. 
This reduction is a consequence of several physiological 
responses including modification of the ion balance, 
water status, mineral nutrition, stomatal behavior, 
photosynthetic efficiency and carbon allocation and 
utilization (Flowers and Yeo, 1995; Shaheen and Hood-
Nowotny, 2005). 

Many articles studied the effect of salt on the growth of 
durum wheat. But, they did not study the effect of salt 
stress in the juvenile stage of the landrace varieties of 
durum wheat in the Centre of Tunisia: Sboa Aljia and 
Jenah Khottifa. The objective of this paper is to study the 
effect of four levels of concentrations of NaCl on the 
growth of germinated seed: germination rate and 
percentage, the length of roots and coleoptiles, and 
number of roots of the plant 6 days after germination of 
two varieties of durum wheat (Sboa Aljia and Jenah 
Khottifa) generally cultivated in the Centre of Tunisia. 
 
 
METHODS 
 
Plant material 
 
We choose two ancient varieties of durum wheat. These two 
varieties are rarely cultivated in Tunisia, but some farmers in 
Kairouan still grow them. We took samples of two varieties: Sboa 
Aljia and Jenah Khottifa. The climate of Kairouan is characterized 
by few rainfalls and the water is salty.  
 
 
Salinity experiment 
 
We examined two landrace varieties of durum wheat at germination 
and early growth stages. Germination was studied for six days 
using distilled water (0 MPa) and solutions with osmotic potentials 
of -0.3, -0.6, -0.9 and -1.2 MPa, prepared using 3.5, 7.1, 10.6 and 
14.2 g/L NaCl (Coons et al., 1990). The electrical conductivity (EC) 
values of NaCl solutions were 6.5, 12.7, 18.4 and 23.5 dS/m (Kaya 
et al., 2006) respectively. 

Germination tests were carried out in the dark growth chamber at 
20 ± 1°C. Seeds were considered germinated when the coleoptile 
were at least 1 mm long. The number of germinated seeds was 
recorded daily and the final germination percentage was 
determined after 7 days. The germination rate was calculated using   
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Table 1. Seedling percentage (%) for Sboa Aljia during the experiment (6 days) at 4 levels of salt stress. 
 

Osmotic pressure/Days D0 D1 D2 D3 D4 D5 D6 

P0 (0 MPa) 0 68 76 86.67 94.67 93.33 96 
P1 (-0.3 MPa) 0 65.33 74.67 92 94.67 97.33 97.33 
P2 (-0.6 MPa) 0 76 74.67 88 90.67 92 92 
P3 (-0.9 MPa) 0 57.33 62.67 68 77.33 88 89.33 
P4 (-1.2 MPa) 0 8 13.33 18.67 44 66.67 68 

 

D: day; P: pressure. 
 
 
 

Table 2. Seedling percentage for Jenah Khottifa during the experiment (6 days) at 4 levels of salt stress. 
 

Osmotic pressure/Days D0 D1 D2 D3 D4 D5 D6 

P0 (0 MPa) 0 81.33 85.33 89.33 90.67 90.67 90.67 
P1 (-0.3MPa) 0 82.67 86.67 90.67 90.67 93.33 100 
P2 (-0.6MPa) 0 34.67 45.33 54.67 66.67 89.33 89.33 
P3 (-0.9MPa) 0 5.33 13.33 30.67 53.33 74.67 81.33 
P4 (-1.2MPa) 0 0 2.67 8.00 33.33 57.33 68 

 
 
 
Maguire’s equation (Maguire, 1962). M =n1/t1 + n2/t2 + … + 
n7/t7;where n1, n2,..., n7 represent the number of germinated 
seeds at times t1 , t2, …, t7 (in days) (Maraghni et al., 2010). 
 
 
Germination tests 
 
Three replicates of 25 seeds were placed in 9 cm Petri dishes 
containing filter papers with 5 ml test solutions. The Petri dishes 
with seeds were put in sealed plastic bags to avoid moisture loss. 
Based on the previous study Bisht et al. (2009) seeds germinated 
at a temperature of 25°C in the dark in an incubator. Germination 
was scored when the coleoptile was 1 mm long. The numbers of 
germinated seeds were recorded every 24 h for 6 days. At the end 
of each experiment, the final germination percentage and mean 
germination time (MGT) were calculated to evaluate seed 
germination characteristics. In the salt stress treatments, filter 
papers and solutions of NaCl were renewed every 2 days to 
prevent accumulation of salts due to evaporation (Rehman et al., 
1996). 
 
 
Shoot and root measurements 
 
Shoot length and root length were measured 6 days post 
incubation. Ten seedlings were selected randomly to measure 
shoot and root length. The number of roots was counted 7 days 
post incubation. 
 
 
Seed water uptake 
 
The water uptake of seeds necessary for germination was also 
determined. For this purpose, 3 g seeds were soaked in distilled 
water in a 5 ml beaker for 24 h, the water uptake was expressed as 
the percentage increase in moisture content on fresh weight basis.  
 
 
Statistical analyses 
 
A completely randomized design was used in  the  experiments.  All 

data were analyzed by Excel XTAT2013. Analysis of variance 
(ANOVA) was used to compare treatment effects and the 
significance of differences of the means using Duncan’s multiple 
range tests (p< 0.05). 
 
 
RESULTS  
 
Effect of salt stress on the germination percentage  
 
The results show that the germination begins from the 
first 24 h for both landrace varieties: Sboa Aljia and 
Jenah Khottifa (Tables 1 and 2). There was a significant 
difference of germination percentage for both varieties at 
different levels of stress every day (Tables 1 and 2). After 
24 h, the highest percentage of seedling for the variety 
Sboa Aljia at -0.6 MPa (7.1 g/L NaCl) was 76%. 
However, for the variety Jenah Khottifa, the highest 
percentage of germination was at -0.3 MPa (3.5 g/l NaCl) 
with a rate of 82.67%. The germination was 100% for the 
variety Jenah Khottifa under -0.3 MPa after 6 days. After 
24 h, the lowest germination percentage was at -1.2 MPa 
(14.2 g/L NaCl) for both of landrace varieties: 8% for 
Sboa Aljia and 0% for Jenah Khottifa. At -1.2 MPa, the 
germination begins after 48 h for Jenah Khottifa with a 
low percentage 2.67%. Jenah Khottifa is very sensitive to 
high osmotic pressure -1.2 MPa. Sboa Aljia is less 
sensitive to the osmotic pressure (-1.2 MPa), it has 
seedling from the first 24 h with a low percentage 8%. 

The germination percentage increases for both 
landrace varieties under the 4 levels of salting stress and 
in control condition of germination. After 6 days, the 
highest percentage of germination (100%) was seen in 
Jenah Khottifa under the osmotic pressure -0.3 MPa. 
Jenah Khottifa tolerates the presence of 3.5 g/L NaCl and 
it    can  grow  in  such  salting  stress.  Also,  Soba  Aljia  
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Table 3. Variation of the mean of germination for landrace varieties 
under normal and salt stress conditions. 
 

Variables Sboa Aljia Jenah Khottifa 

P0 (0 MPa) 48.31 52.42 
P1 (-0.3 MPa) 48.17 53.56 
P2 (-0.6 MPa) 49.77 31.24 
P3 (-0.9 MPa) 40.79 16.01 
P4 (-1.2 MPa) 14.14 8.78 

 
 
 
tolerates 3.5 g/L: germination percentage 97.33% is the 
highest percentage noted in this experience for the 
growth of Sboa Aljia. The lowest germination percentage 
was seen for both landrace varieties 68% at -1.2 MPa 
(14.2 g/L NaCl) (Tables 1 and 2).  

At the highest salt stress, Sboa Aljia tolerates more 
than Jenah Khottifa with high percentage of germination 
(-0.6; -0.9 and -1.2 MPa), which was more than 90%. 
However, the percentage of germination for Jenah 
Khottifa under high salting stress was under 90% (Tables 
1 and 2). The germination rate was differently influenced 
by the variation of the osmotic pressure. It was between 
48.17 and 14.14 for Sboa Aljia, and 53.56 and 8.78 for 
Jenah Khottifa. There was no significant difference 
between the germination rate for the conditions of salt 
stress 0, -0.3, -0.6 and -0.9 MPa for the variety Sboa 
Aljia. Only at -1.2 MPa that germination was very low for 
Sboa Aljia (14.14). However, there was no significant 
difference between the germination rate in the conditions 
of salt stress 0 MPa, -0.3 MPa for the variety Jenah 
Khottifa. The germination rate was significantly reduced 
at -0.6, -0.9 and -1.2 MPa (31.24, 16.01 and 8.78 
respectively). At 0 and -0.3 MPa, there was no significant 
difference between the germination rate of Sboa Aljia and 
that of Jenah Khottifa. But, at this osmotic pressure, the 
germination rate of Jenah Khottifa was slightly higher 
than the one of Sboa Aljia. Sboa Aljia tolerates the 
osmotic pressure from 0 to -0.9 MPa, but Jenah Khottifa 
tolerates the osmotic pressure -0.3 MPa (Table 3). 

In normal conditions (0 MPa) and at -0.3 MPa, the 
germination is relatively constant for both landrace 
varieties. It was between 60 and 100% for Sboa Aljia and 
between 80 and 100% for Jenah Khottifa (Figures 1 and 
2). The germination of seeds of Sboa Aljia was relatively 
constant at -0.6 MPa. After the first 24 h, the germination 
was between 70 and 95%. At this pressure, the 
germination in Jenah Khottifa was increasing continually; 
it was between 30 and 100% (Figure 3). The interval of 
percentage of germination grows with the rise of osmotic 
pressure. At -0.9 MPa, the germination of Sboa Aljia was 
between 55 and 90%. For Jenah Khottifa, the 
germination was between 5 and 85% (Figure 4). 
Germination is retarded at -1.2 MPa for Jenah Khottifa. It 
begins after 48 h. For Sboa Aljia, it begins after the first 
24 h. The interval of germination was very large. It was 

between 5 and 70% for Sboa Aljia and between 0 and 
70% for Jenah Khottifa (Figure 5). Figure 6 shows that 
Sboa Aljia has a good rate of germination at -0.3 MPa. 
And its germination decreases at -1.2 MPa.  

 Figure 7 shows the germination of Jenah Khottifa 
under the 4 levels of salting stress. It shows that the best 
rate of germination was at -0.3 MPa. And it doesn’t 
tolerate the pressure -1.2 MPa just like Sboa Aljia. 24 h 
after seeding, the two landrace varieties of durum wheat 
in the Centre of Tunisia tolerate the presence of salt (-0.3 
and -0.6 MPa respectively 3.5 and 7.1 g/L NaCl), where 
the germination percentage is more than 50%. The 
germination percentage increases in the presence of a 
high quantity of salt (-0.9 and -1.2 MPa; respectively 10.6 
and 14.2 g/L NaCl), but with a low percentage of 
germination, under 50% (Figure 8). After six days, 
germination reaches 98.67% under the osmotic pressure 
-0.3 MPa (3.5 g/L NaCl), and it was lower than 90% for 
the osmotic pressure -0.9 and -1.2 MPa (10.6 and 14.2 
g/L NaCl respectively) (Table 4). These durum wheat 
landrace varieties tolerate the presence of 3.5 g/L NaCl (-
0.3 MPa). The germination percentage was 74% in the 
first 24 hs and it grows up to 98.67 (the highest 
percentage recorded in all conditions of culture. It grows 
in all conditions of salt stress, but the lowest germination 
percentage was seen at -1.2 MPa (14.2 g/L NaCl): after 
six days it was 68% (Figure 8, Table 4). 
 
 
Effect of salt tress on the water uptake 
 
We measured the water uptake of 3 g of each variety 
irrigated with distilled water and five levels of salt stress, 
cultured for 24 h. The water uptake was from 26.16 (at -
1.2 MPa) to 31.57% (at 0 MPa) for Sboa Aljia. The seeds 
of Sboa Aljia absorb water at -0.9 MPa (10.6 g/L NaCl). 
For Jenah Khottifa, we noted that water uptake was from 
29.53% (at -0.6 MPa) to 34.94% (at -0.9 MPa). There is 
no significant difference between the water uptake at 0 
MPa and -0.9 MPa. The seeds of Jenah Khottifa absorb 
water in the presence of 10.6 g/L NaCl (Table 5). The 
water uptake of Jenah Khottifa was more important than 
the one of Sboa Aljia in the five levels of salting stress. 
The seeds of Jenak Khottifa absorb more water than 
Sboa Aljia: the water  uptake  reaches  34.94%.  The  salt  
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Figure 1. Seed germination percentage for two durum wheat varieties: Sboa Aljia and Jenah Khottifa 
cultured in distilled water. 

 
 
 

 
 

Figure 2. Germination percentage of seeds cultured in salt stress as OP=-0.3 MPa. 
 

 
 

 
 
Figure 3. Germination percentage of seeds of two durum wheat: Sboa Aljia and Jenah Khottifa cultured under 
osmotic pressure OP=-0.6 MPa. 

0,00

20,00

40,00

60,00

80,00

100,00

120,00

0 1 2 3 4 5 6

Days

G
er

m
in

at
io

n
 p

er
ce

n
ta

g
e 

(%
)

Germination percentage of
Sboa Aljia

Germination percentage of
Jenah Khottifa 

0,00

20,00

40,00

60,00

80,00

100,00

120,00

0 1 2 3 4 5 6

Days

G
er

m
in

at
io

n
 p

er
ce

n
ta

g
e 

(%
)

Germination percentage of
Sboa Aljia

Germination percentage of
Jenah Khottifa 

0,00

10,00

20,00

30,00

40,00

50,00

60,00

70,00

80,00

90,00

100,00

0 1 2 3 4 5 6

Days

G
e
rm

in
a
ti

o
n

 p
e
rc

e
n

ta
g

e
 (

%
)

Germination percentage of
Sboa Aljia

Germination percentage of
Jenah Khottifa 



Ines et al.              2533 
 
 
 

 
 
Figure 4. Germination percentage of seeds cultured under osmotic pressure OP=-0.9 MPa of two durum wheat: 
Sboa Aljia and Jenah Khottifa. 

 
 
 

 
 
Figure 5. Germination percentage of seeds cultured under osmotic pressure OP=-1.2 MPa of two  
durum wheat: Sboa Aljia and Jenah Khottifa. 

 
 
 

 
 
Figure 6. Effect of 4 levels of salting stress on the germination percentage of durum wheat (Sboa Aljia). 
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Figure 7. Effect of 4 levels of salt stress on the germination rate of durum wheat Jenah Khottifa. 

 
 
 

 
 
Figure 8.  Mean of germination percentage of landrace durum wheat in the Centre of Tunisia in 4 levels of salting 
stress. 

 
 
 

Table 4. Responses of landrace varieties durum wheat under 4 levels of salt stress (Average of 
germination percentage between Sboa Aljia and Jenah Khottifa). 
 

Variables D0 D1 D2 D3 D4 D5 D6 

P0 (0 MPa) 0 74.67 80.67 88.00 92.67 92.00 93.33 
P1 (-0.3 MPa) 0 74.00 80.67 91.33 92.67 95.33 98.67 
P2 (-0.6 MPa) 0 55.33 60.00 71.33 78.67 90.67 90.67 
P3 (-0.9 MPa) 0 31.33 38.00 49.33 65.33 81.33 85.33 
P4 (-1.2 MPa) 0 4.00 8.00 13.34 38.67 62.00 68.00 

 
 
 
stress provides the reception of more water for Jenah 
Khottifa than Sboa Aljia which reduces the absorption of 
water under salting stress: the water uptake reaches 
31.57% only.  
 
 
Effect of salting stress on the growth of coleoptiles 
and roots 
 
In normal conditions (using distilled water),  the  length  of 

coleoptile was 4.947 and 3.153 cm for Sboa Aljia and 
Jenah Khottifa respectively. The length of coleoptilee was 
correlated negatively with the salt stress. It decreases; it 
was 0.430 and 0.363 cm for Sboa Aljia and Jenah 
Khottifa respectively at -1.2 MPa (14.2 g/L NaCl) (Figures 
10 and 11). The mean number of roots decreases with 
the rise of the osmotic pressure. It was between 3.767 
and 2.90 roots for Sboa Aljia under salting stress 0 and -
1.2 MPa. It was between 4.5 and 2.433 roots for Jenah 
Khottifa. The highest mean number of roots was seen  for  
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Table 5. Water uptake of seeds 24hs after germination for Sboa Aljia and Jenah Khottifa in 4 levels of 
salt stress. 
 

Water Uptake (%) 0 MPa -0.3 MPa -0.6 MPa -0.9 MPa -1.2 MPa 

Sboa Aljia 31.57 28.83 27.38 30.64 26.16 
Jenah Khottifa 34.92 32.99 29.53 34.94 31.00 

 
 
 

 
 
Figure 9. The water uptake (%) for the two landraces in normal conditions and at four levels of salt 
stress. 

 
 
 

 
 
Figure 10. Effects of slat stress on the mean length of coleoptiles in the two varieties Sboa 
Aljia and Jenah Khottifa. OP0=0 MPa ; OP1=-0.3 MPa ; OP2=-0.6 MPa ; OP3=-0.9 MPa ; 
OP4=-1.2 Mpa. 

 
 
 
Jenah Khottifa (4.517 roots) at -0.3 MPa. The highest 
mean number of roots was 4.1 roots for Sboa Aljia at -0.6 
MPa. The lowest mean number of roots for both varieties 
was seen at -1.2 MPa: 2.433 roots for Jenah Khottifa and 
2.9 roots for Sboa Aljia. Sboa Aljia had more roots at -0.6 
MPa. It  tolerates  the  presence  of  7.1 g/L  NaCl.  Jenah 

Khottifa tolerates the salt stress -0.3 MPa (3.7 g/L NaCl) 
(Figure 12). The mean number of roots is highly 
correlated with the levels of salting stress: coefficient of 
correlation r= 0.85 and 0.76 Jenah Khottifa and Sboa 
Aljia respectively.  

The mean root length  was  between  3.315  and  0.837  
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Figure 11. Effect of salt stress on the length of roots in two varieties Sboa Aljia and Jenah Khottifa. 
 
 
 

 
 
Figure 12. Effect of salt stress on the mean number of roots for Sboa Aljia and Jenah Khottifa. 

 
 
 
cm. The highest mean length was seen in normal 
conditions (distilled water 0 MPa) was 3.315 cm for Sboa 
Aljia and 2.654 cm for Jenah Khottifa. The mean length 
decreases as the osmotic pressure increases (Figure 13). 
The mean length is highly correlated to the levels of 
salting stress (coefficient of correlation r= 0.96 and 0.94, 
Jenah Khottifa and Sboa Aljia respectively).  The length 
of coleoptile is 1.828±1.730 cm. The number of roots is 
3.765±1.196 roots. The mean length of roots is 
2.174±1.148 cm. We studied the correlation between the 
osmotic pressure, length of coleoptile, number of roots 
and mean length of roots. There was a significant 
difference between osmotic pressure and length of 
coleoptile; osmotic pressure and number of roots; 
osmotic pressure and mean length of roots (p<0.05) 
(Table 6). 

We studied the correlation of Pearson between the 
osmotic pressure, the length of coleoptile, the number of 
roots and the mean length of roots for both varieties 6 
days after germination. We noted that the length of 
coleoptile (LC) and the mean length of roots (MLR) are 

highly and significantly correlated with the osmotic 
pressure (OP): 0.749 and 0.695, respectively. The 
number of roots (NR) is significantly correlated with the 
osmotic pressure (OP): 0.418. These parameters are 
(LC, NR and MLR) are highly influenced by the osmotic 
pressure affect on the conditions of germination. Only 
MLR was highly correlated with LC (n=0.717). In contrast, 
The NR is slightly correlated with LC (Pearson n=0.287). 
Studying the correlation between the parameters of roots, 
we found that MLR was slightly correlated with NR 
(n=0.322) (Table 7). 
 
 
DISCUSSION 
 
Seed germination and seedling growth of wheat (Triticum 
durum), like other crops, were negatively affected by 
salinity stress (Hampson and Simpson, 1990; Soltani et 
al., 2006). The response of each genotype in different 
conditions of salt stress is the result of many mechanisms 
related to the water absorption, the water waste, the
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Figure 13. Variations of mean length of roots after six days, within two varieties Sboa Aljia and 
Jenah Khottifa. 

 
 
 

Table 6. Analysis of differences between modalities and interval of confidence 95%: OP, LC, 
NR and MLR. 
 

Variables OP/LC OP/NR OP/MLR 

Sboa Aljia Difference Pr > Diff Difference Pr > Diff Difference Pr > Diff 
Jenah Khottifa 0.458* 0.022 -0.330* 0.017 0.504* 0.000 

 

*: significant difference p<0.05. 
 
 
 

Table 7. Matrix of correlation (Pearson “n”) between the osmotic pressure (OP), the length of coleoptile, the 
number of roots and the mean length of roots, for Jenah Khottifa and Sboa Aljia. 
 

Variables OP LC NR MLR 

OP 1    
LC 0.749 1   
NR 0.418 0.287 1  
MLR 0.695 0.717 0.322 1 

 

The values in bold are significantly different from 0 at a significance level alpha=0.05. 
 
 
 
osmotic adjustment, membrane properties, as well as the 
morphologic characters of the variety (characters of the 
root, coleoptile…). Six days after germination the seeds 
of Sboa Aljia and Jenah Khottifa germinated in all 
conditions of salt stress, but within the highest stress the 
germination percentage is reduced. It tolerates the salt 
stress. The highest germination rates were in the 
presence of NaCl with osmotic pressure ≤-0.6 MPa for 
Sboa Aljia and -0.3 MPa for Jenah Khottifa. The 
germination test is a good criterion for the selection of 
seeds that tolerate salt stress. 

Wheat cultivar seedling responses to salt stress were 
different although responses to both levels of salinity 
were revealed in a decrease in coleoptile and root 

growth. These results indicate that genetic variation 
exists among them in terms of early seedling growth rate 
under salt stress condition. It may be concluded that 
germination and emergence rates, as well as coleoptile 
and root length could be used as selection criteria for salt 
stress tolerance at early growth stages. Under salt stress 
condition the elongation rate of coleoptile may decrease 
because of low soil water potential (Franvios et al., 1986) 
and seedlings may not be established well due to weak 
coleoptile and root growth. Reduced seedling growth has 
also been reported by Huang and Reddman (1995) 
barley, Foolad and Jones (1993) on tomato and 
Jeannette et al. (2002) on phaseolus under salt stress 
condition. It can be concluded that to  select  cultivars  for 
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better salt stress tolerance at seedling stage coleoptile 
and root elongation may be used as breeding criteria.  

More vigorous cultivars like Sboa Aljia and Jenah 
Khottifa could be considered as plant materials which are 
useful to breeders for the future development of salt 
tolerant wheat cultivars. Longer coleoptiles may increase 
their potential to emerge under salt stress conditions. 
Results therefore could be used for prediction of sowing 
rates depending upon expected conditions. Results may 
also suggest that in salty soils, seeds are better being 
sown less deep compared to normal soil. Higher seedling 
growth under salt stress condition also suggests that they 
may have higher performance in salty soils. 

This study showed that salt stress inhibits coleoptile 
growth more than root growth. Similar results were found 
by Foolad (1996), Keiffer and Ungar (1997), Huang and 
Reddman (1995), Jeannette et al. (2002) and Moud and 
Maghsoudi (2008). The inhibitory effects of salt stress on 
root and shoot growth increased root:shoot ratio. This 
may in turn have the advantage of increased ratio of 
water absorption to transpiration area, a plant feature 
which is useful for dry land condition. In this experiment 
significant correlation coefficients were found between 
root growth and osmotic pressure. Coefficients were 
highly significant under salt stress conditions. It seems 
that the length of the roots of these landrace varieties 
(Sboa Aljia and Jenah Khottifa) has an influential role in 
the avoidance of salt stress. 

In this paper, important variations were observed in 
conditions of salt stress essentially for water uptake. The 
local varieties seem to be the most capable of osmotic 
adjustment and the best for the maintenance of water 
uptake. This capacity seems to be closely related to the 
specific root characteristics of these genotypes 
expressed probably by the connection between 
absorption and transpiration.  
 
 
Conclusion 
 
Our results guide us to give an important role to the 
osmotic adjustment and the root characters which are 
incorporated in the physiologic analysis and the sorting of 
genotypes according to salt stress tolerance. The use of 
the root system as a criterion of adjustment to salt stress 
turned out to be very informative; however its practical 
exploitation is extremely difficult. Nevertheless, many 
constructive features were located in the evaluation of 
wild species- specially the root system and the osmotic 
adjustment. These considerations are highly interesting in 
the perspective of ameliorating the cereals’ potential 
crop. This potential yield could be sought through 
increasing biomass production. 

The selection of seeds that tolerate salt stress could be 
at an early stage: germination, 6 days are sufficient for a 
selection to have powerful plants resistant to salt stress. 
The two landrace varieties are resistant to salt stress. 
These ancient varieties of durum wheat acquired strength   

 
 
 
 
and resistance by their adaptation to salt stress in the 
Centre of Tunisia (salt soil and salt water). 
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Wheat (Triticum aestivum L.) is the leading crops for human nutrition in Europe and in most temperate 
regions worldwide. This crop is demanding in nutrients, among them nitrogen (N) is absorbed in higher 
amounts and its efficiency of utilization can be increased with a plant biostimulant use. The objective of 
this work was to evaluate the influence of different N levels and ways of biostimulant application on 
genotypes growth of wheat, tall and semi dwarf. The experiment was carried out, in 2010, at greenhouse 
located in Rothamsted Research Institute, Harpenden – United Kingdom. The design was in randomized 
blocks, with four replications. The experiment was a 3x2x2 factorial arrangement consisting by three 
ways of application using a commercial biostimulant and two N levels provided by nutritive solution 
and two spring wheat genotypes (Green – tall and Red – semi dwarf). Isolated effect of biostimulant use 
was not observed on fresh matter and dry matter of aboveground part and root; however, N levels 
affected same variables, except root dry matter. A significant interaction between biostimulant and N 
was observed on dry matter of aboveground part. No significant results were found for length, surface, 
diameter and volume of root after biostimulant application and different N levels in Green and Red 
genotypes. Seed treatment and leaf spray with biostimulant did not promoted effects on N and C 
content in aboveground part and root for tall or dwarf wheat; on the other hand, significant differences 
were observed when N was applied through nutritive solution. Biostimulant application did not 
promoted increase on growth, N and C content of aboveground part, metabolites production and 
components of wheat production. Use of N promoted increase on fresh and dry matter of wheat, except 
dry matter of root, moreover, additions were observed in its content in aboveground part of wheat. 
 
Key words: Semi dwarf, nutrients, plant regulator, root growth, content.  
 

 
INTRODUCTION 
 
Wheat (Triticum aestivum L.) is the leading crops for 
human nutrition in Europe and in most temperate  regions 

worldwide (Costanzo and Bàrberi, 2014). This crop is 
demanding  in  nutrients,  among  them,  nitrogen  (N)   is  
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absorbed in higher amounts (Castro and Kluge, 1999; 
Sylvester-Bradley et al., 2001; Da Ros et al., 2003); 
moreover, it is composed of approximately 2.9% N in all 
plants and 2% in grains (Cantarella, 2007). Despite 
reports on assistance from Azospirillum genus in N 
absorption (Didonet et al., 1996; Dalla Santa et al., 2004), 
this crop needs to obtain almost all N from soil and 
fertilizers. 

During the early stages, despite that wheat N demand 
is minor, fertilization is important to promote rapid initial 
development and to define production of this crop (Da 
Ros et al., 2003), and also, N is one of the nutrients that 
can influence yield and is the most absorbed in all cycles 
of wheat crop, resulting in high yield (Megda et al., 2009). 

Growth and development of different crops are 
influenced by plant hormones, among them: auxin, 
cytokinin, gibberellin, ethylene and inhibitors. 
Combinations of these products have been evaluated 
and consequently a mixture of two or more plant 
regulators, or plant regulators with other substances 
(amino acids, nutrients and vitamins), can be called a 
plant stimulant or biostimulant, e.g., Stimulate® (Cato, 
2006). 

There are few papers explaining the wheat and the 
biostimulant Stimulate® relationship, but we know about 
plant hormone influence (auxin, gibberellin and cytokinin) 
in wheat metabolism and how much they can affect its 
growth and development (Castro and Kluge, 1999). Cato 
(2006) applied biostimulant between 3.5 and 5.0 ml kg-1 
of wheat seeds and observed increases in height, dry 
matter mass, tiller number and spike numbers per plant, 
moreover, crescent doses promoted linear growth in 
roots.  

Reports about biostimulant effects on different crops 
are variable and divergent in relation to doses, methods 
of application, crop, environment and agricultural 
practices (Castro et al., 1998), as well as, doubts about 
how this biostimulant can modify growth of crops. Few 
analysis have been realized using this product associated 
with wheat crop and, there are doubts about how 
biostimulant application can promote efficiency of N use 
by crop, and more, if can increase growth, promote grain 
quality and consequently, the productivity. 

This way, an evaluation about action of this product is 
an alternative to promote the understanding how 
biostimulant can act on wheat crop and also the 
possibility of initial growth improvement. Thus, the 
objective of this work was to evaluate the influence of 
different N levels and ways of biostimulant application on 
genotypes growth of wheat, tall and semi dwarf. 
 
 
MATERIALS AND METHODS 
 
The experiment was carried out in a greenhouse located in the 
Rothamsted Research Institute, Harpenden – United Kingdom in 
2010. The design was in randomized blocks, with four replications. 
The experiment was a 3x2x2 factorial arrangement con sisting by 
three ways of application using a  commercial  biostimulant   (CT –  
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Control (without application), ST – 250 ml ha-1 seed treatment and 
LT – 250 ml ha-1 leaf spray in floral initiation), two N levels (normal - 
10 mM and low - 1 mM) provided by nutritive solution and two 
spring wheat genotypes (Green – tall and Red – semi dwarf). 
Commercial biostimulant (Stimulate) was used containing 0.009% 
of kinetin (cytokinin), 0.005% of gibberellic acid (gibberellin), 
0.005% of indolebutyric acid (auxin) and 99.981% of inert 
ingredients (Castro, 1998). 

Seeds were treated with biostimulant according company 
recommendation (4 ml kg-1 of seeds) and placed on petri dishes 
after 30 min to promote absorption of product. CT and LT received 
same volume of destilated water. Petri dishes were placed in a dark 
place, to promote germination. After three days, the transplant of 
four seeds was realized to the pots (with capacity of 4.0 L) 
containing a wash sand + perlite mixture (50:50). 

Spraying treatment was realized during leaf initiation (primary 
leaves). A hand sprayer with biostimulant solution was used for it 
and the solution contained 250 ml ha-1 of biostimulant 
concentration. CT and ST received same content of distillate water. 

Nutritive solution was supplied two days after emergence but 
nutritive stress (low N) started after seven days. The nutritive 
solution of normal N contained, from stock solution, the following 
concentration for macronutrients: 236.15 g L-1 of Ca(NO3)2, 101.11 
g L-1 of KNO3, 85.0 g L-1 of NaNO3, 246.48 g L-1 of MgSO4x7H2O, 
136.09 g L-1 of KH2PO4 and, 18.4 g L-1  of FeEDTA, and for 
micronutrients: 38.6 mg L-1 of Cu(NO3)2.3H2O, 568.6 mg L-1  of 
H3BO3, 712.8 mg L-1 de MnCl2.4H2O, 19.7 mg L-1 of 
(NH4)6Mo7O24.4H2O, 372 mg L-1 of KCl and 202.0 mg L-1 of 
ZnCl2.7H2O. And the solution of low N contained the following 
concentration for macronutrients: 111.10 g L-1 of CaCl2, 101.90 g L-1 

of KNO3, 74.55 g L-1 of KCl, 58,40 g L-1  of NaCl, 120,30 g L-1 of 
MgSO4.7H2O, 136.10 g L-1 of KH2PO4 and, 18.35 g L-1  of FeEDTA, 
and micronutrients: 38.6 mg L-1 of CuCl2.2H2O, 568.6 mg L-1  of 
H3BO3, 712.8 mg L-1 de MnCl2.4H2O, 3.5 mg L-1 of NaMoO4.2H2O, 
372 mg L-1 of KCl and 202.0 mg L-1 of ZnCl2.7H2O. 

After spraying, water supply, or nutritive solution, was applied 
only the following day to promote better absorption and avoid 
washing away the product. Only distilled water was supplied and 
according to crop needs. During experiments, temperature in the 
glasshouse was regulated at 14 and 18°C for day and night, 
respectively.  

Day length was regulated for 16 h and started at 5 am. 
Temperature was monitored each twenty seconds and lights were 
switched off automatically. At 39 days after emergence, in the floral 
initiation, the experiment was finalized. According to Sangoi et al. 
(2007) this phase determines the mass and number of grain and 
ear size, e.g., they are related with cultural treats realized until 
flowering. Fresh matter and dry matter of above ground part, root 
system evaluation, fresh matter and dry matter of root and, N and 
carbon (C) content in aboveground part and root were realized. 

The aboveground part was collected and weighed to determine 
fresh matter mass. After was dried in an oven at 80°C for 72 h for 
dry matter mass determination (g per plant). Roots were separated 
from substrate through washing with tap sterile water on the sieve 
with a mesh of 0.5 mm. The washed material were packed in a 
universal collector containing 30% alcohol + 70% water solution, 
after were maintained in a stored room at 4°C until evaluation. Root 
evaluation was realized according to Tennant (1975) in a specific 
scanner coupled with a computer provided with WinRhyzo 
Arabdopsis 2008 software. Length (m per plant), surface (mm2 per 
plant), diameter (mm) and volume (mm3) were evaluated. After 
were dried in an oven at 80°C for 72 h for dry matter mass 
determination (g per plant). 

The material used to determine dry matter mass (aboveground 
part and root) was grounded in a ball mill (Glen Creston 
Equipments) and N and C analysis followed principles of  LECO 
Truspec Combustion Analyser (LECO Corporation) based on 
modified digestion method  of  Dumas  (AOAC,  2000).  The  results  
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Table 1. Fresh and dry matter of aboveground part and root of wheat genotypes as a function of different N levels in nutritive solution 
and biostimulant application on seeds and leaf spray. 
 

Treatment 
Fresh matter of 

aboveground part 
(g per plant) 

Dry matter of 
aboveground part 

(g per plant) 

Fresh matter of root 
(g per plant) 

Dry matter of root 
(g per plant) 

biostimulant  

Control 6.50a 1.05a 5.14a 0.22a 
ST 6.83a 1.05a 4.53a 0.18a 
LT 6.13a 0.92a 4.68a 0.22a 
     
N in solution (mM)     
1 3.62b 0.66b 3.79b 0.22a 
10 9.36a 1.36a 5.78a 0.20a 
     
Genotype      
Green 6.89a 1.13a 4.87a 0.22a 
Red 6.08a 0.89b 4.70a 0.19a 
     
Interactions     
B x N ns * ns ns 
B x G  ns ns ns ns 
G x N ns ns ns * 
B x G x N ns ns ns ns 

 

Means followed by same letter in the column, within each factor, do not differ significantly by Tukey test at 5% of probability. ns, * and ** are not 
significant, significant at p < 0.05 and p < 0.01 by F test, respectively. Treatments were: Control (without biostimulant application), ST (seed 
treatment), LT (leaf spray treatment during floral initiation). Genotypes were Green (tall) and Red (semi dwarf). Interactions were BxN 
(biostimulant x nitrogen), GxN (genotype x nitrogen), BxGxN (biostimulant x genotype x nitrogen). 

 
 
 
were submitted to analysis of variance (ANOVA) and Tukey test 
was use to compare means at 5% of probability. 
 
 
RESULTS 
 
Isolated effect of biostimulant use was not observed on 
fresh matter and dry matter of aboveground part and root 
(Table 1). However, N levels affected same variables 
(fresh matter of aboveground part and root, except root 
dry matter), and in the normal level of N (10 mM) could 
be observed increasing from 158.6, 106.1 and 52.5% for 
fresh matter and dry matter of aboveground part and 
fresh matter of root, respectively. For different genotypes 
evaluated, only for dry matter mass of aboveground part 
were found significant results, and for semi dwarf wheat 
was found lower mean (Table 1). 

A significant interaction between biostimulant and N 
was observed on dry matter of aboveground part (Table 
1). After unfolding, higher dry matter of plants was 
observed when higher amounts of N were supplied 
(Table 2). Biostimulant treatments promoted decreasing 
on dry matter of aboveground part when normal N level 
was supplied through nutritive solution (10 mM). 

According to Table 3, there was a decreasing of 27.3% 
on dry matter of root, semi dwarf wheat, when applied 
normal N level (10 mM) and higher means were found for 

tall wheat (Green). No significant results were found for 
length, surface, diameter and volume of root after 
biostimulant application and different N levels in Green 
and Red genotypes, tall and semi dwarf, respectively; as 
well as interactions (Table 4).  

Seed treatment and leaf spray with biostimulant did not 
promoted effects on N and C content in aboveground part 
and root for tall or dwarf wheat. On the other hand, 
significant differences were observed on N content 
(above ground and root) when N was applied through 
nutritive solution, it also was observed in C content in the 
root (Table 5). The interaction genotype x N was 
significant for N content in aboveground part (Table 5), 
and, after unfolding, increasing was observed both in 
Green as in Red, tall and semi dwarf wheat, respectively, 
when applied 10 mM of N (Table 6). In the higher N level, 
Red wheat presented higher N content in the 
aboveground part.  
 
 
DISCUSSION 
 
Even if effects of biostimulant use were not observed on 
fresh and dry matter of aboveground part and root, it is 
known that wheat plants demand high amount of 
macronutrients, mainly N and potassium, and more, the 
most   studies  about  N  and  wheat  deal  only  with  one  
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Table 2. Dry matter of aboveground part of wheat genotypes as a function of different N levels in nutritive solution 
and biostimulant application on seeds and leaf spray. Mean of two genotypes. 

 

N levels 

Biostimulant 

Control ST LT 

Dry matter of aboveground part 

1 0.62aB 0.70aB 0.67aB 
10 1.49aA 1.40abA 1.19bA 

 

Means followed by same letter in the column, within each factor, do not differ significantly by Tukey test at 5% of probability. 
Treatments were: Control (without biostimulant application), ST (seed treatment), LT (leaf spray treatment during floral 
initiation). 

 
 
 

Table 3. Dry matter of root of wheat genotypes as a function of N levels in nutritive solution. Mean of two 
genotypes. 
 

N Doses 

Genotypes 

Green Red 

Dry matter of root (g per plant) 

1 0.21aA 0.22aA 
10 0.24aA 0.16bA 

 

Means followed by same letter in the column, within each factor, do not differ significantly by Tukey test at 5% of 
probability.  

 
 
 

Table 4. Length, surface, diameter and volume of root of wheat genotypes as a function of different N levels and 
biostimulant application on seed and leaf spray.  
 

Treatment 
Root Length 
(m per plant) 

Root surface 
(mm2 per plant) 

Root diameter 
(mm) 

Root volume 
(mm3 per plant) 

Biostimulant     
Control 0.598a 644a 0.024a 54a 
ST 0.565a 627a 0.021a 54a 
LT 0.654a 706a 0.022a 59a 
     

N in solution (mM)     
1 0.602a 652a 0.021a 55a 
10 0.603a 667a 0.023a 57a 
     

Genotype     
 Green 0.590a 648a 0.022a 54a 
Red 0.616a 671a 0.022a 57a 
     

Interactions     
B x N ns ns ns ns 
B x G  ns ns ns ns 
G x N ns ns ns ns 
B x G x N ns ns ns ns 

 

Means followed by same letter in the column, within each factor, do not differ significantly by Tukey test at 5% of probability. ns, 
* and ** are not significant, significant at p < 0.05 and p < 0.01 by F test, respectively. Treatments were: Control (without 
biostimulant application), ST (seed treatment), LT (leaf spray treatment during floral initiation). Genotypes were Green (tall) and 
Red (semi dwarf). Interactions were BxN (biostimulant x nitrogen), GxN (genotype x nitrogen), BxGxN (biostimulant x genotype 
x nitrogen). 

 
 
 
cultivar, this way is difficult to get new information about 
different genotypes, which respond in different ways 

when N is applied, because they have a different genetic 
basis (Viana and Kiehl, 2010; Sangoi et al., 2007).  
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Table 5. Nitrogen and carbon content of aboveground part and root as a function of different N levels and biostimulant 
application on seed and leaf spray treatment. 
 

Treatment 
N aboveground part 

(g/kg) 
C aboveground part 

(g/kg) 
N root 
(g/kg) 

C root 
(g/kg) 

Biostimulant  
Control 24.7a 396.1a 12.6a 400.6a 
ST 26.7a 421.5a 11.9a 399.4a 
LT 26.9a 420.3a 12.9a 398.1a 
     
N in solution (mM)     
1 13.1b 424.3a 8.8b 37.2b 
10 39.1a 401.0a 16.1a 42.7a 
     
Genotype     
Green 23.9b 405.1a 11.9a 366.9a 
Red 28.4a 4202a 13.0a 401.9a 
     
Interactions     
B x N ns ns ns ns 
B x G  ns ns ns ns 
G x N * ns ns ns 
B x G x N ns ns ns ns 

 

Means followed by same letter in the column, within each factor, do not differ significantly by Tukey test at 5% of probability. ns, * 
and ** are not significant, significant at p < 0.05 and p < 0.01 by F test, respectively. Treatments were: Control (without biostimulant 
application), ST (seed treatment), LT (leaf spray treatment during floral initiation). Genotypes were Green (tall) and Red (semi 
dwarf). Interactions were BxN (biostimulant x nitrogen), GxN (genotype x nitrogen), BxGxN (biostimulant x genotype x nitrogen). 

 
 
 
Results statistically significant were not found for other 
variables and lower means were found for Red cultivar 
(semi dwarf wheat). According to Hedden (2003) in many 
species, gibberellin concentration can restrict growth 
plant, because it has an important role on regulation of 
development processes, which are critical to agriculture. 
Data presented in this manuscript agree with Miralles et 
al. (1997), they suggest that lower values on biomass of 
aboveground part are positively correlated with root 
growth and vice versa. Waines and Ehdaie (2007) 
evaluating genotypes from Iran, China, Japan, California, 
Iraq, Pakistan and Europe (tall and semi dwarf, 
glasshouse and field experiments) observed significant 
differences among their production of root biomass and 
they associated grain production with increasing of this 
variable. The same authors reported that there are few 
studies about root system and many times they are not 
considered important despite root increase water and N 
absorption and, to reduce environmental pollution, 
consequently.  

Results about decreasing on dry matter of root, semi 
dwarf wheat, and increasing of tall wheat disagree with 
Camargo (1974) which one since 70’ observed different 
behaviour between tall and semi dwarf wheat. The same 
author observed that dwarf and semi dwarf wheat 
presented stability and the best reaction when higher N 
doses were applied (for example 150 kg ha-1) unlike tall 

wheat, that had increase in its production until 50 kg ha-1; 
he concluded that, in conditions of higher N fertilization, 
semi dwarf wheat can benefit better than tall wheat. 
Coelho et al. (1998) evaluated ‘Embrapa-22’ cultivar and 
four N doses (monocrop and intercrop with maize) and 
they observed increase on dry matter until 94 kg ha-1. 
Marschner (1995) explain that in cereals, N doses can 
increase phytohormones and compounds that can 
promote growth and development, thus, in the present 
study, the application of this nutrient may have influenced 
on metabolism of genotypes evaluated. 

No significant results for length, surface, diameter and 
volume of root after biostimulant application and different 
N levels in Green and Red genotypes, and their 
interactions, disagree with Subbiah et al. (1968), they 
reported that semi dwarf wheat presented smaller root 
system when compared with tall one, during field 
experiment. Siddique et al. (1990) reported about values 
of dry matter of root; semi dwarf wheat presented lowest 
values resulting, according to this author, in a low 
root:aboveground part ratio. Wojciechowski et al. (2009) 
reported that Rht allele effect are unclear and results in 
different growth conditions are contradictory. The same 
authors obtained inconclusive results and explain that 
can be due to different genetic antecedents were 
responsible to produce actual wheat plants; they still 
report that semi  dwarf plants   have smaller  root  system  



 
 
 
 
because can reduce investment on dry matter root 
production or different growth conditions, or all factors 
cited. In their experiment with different wheat genotypes, 
tall and semi dwarf, these authors observed no 
differences on root length among cultivars with dwarfism 
allele and control, as well as diameter root. 

Significant differences observed when N was applied 
through nutritive solution, agree with results from Teixeira 
-Filho et al. (2007), in a field experiment and sprinkler 
system, observed an increase on foliar N content when 
applied this nutrient until the dose of 77 kg ha-1. Viana 
and Kiehl (2010) did not find significant results for N 
accumulation of aboveground part when evaluated ‘IAC 
370’ cultivar during experiment carried out in a 
greenhouse and applied five doses of N. Between 
genotypes evaluated, significant differences were 
observed in the N content of aboveground part and in 
dwarf wheat was observed the highest mean and it was 
18.9% higher than that observed in tall wheat. Sylvester-
Bradley and Kindred (2009) evaluating efficiency of N use 
and harvest index of this nutrient, explain that there are 
few data available about N use in cereals different 
genetically, however it is known that since the 
introduction of semi dwarf plants, these values have been 
modified. Pearman et al. (1978) applied eight N doses in 
wheat plants, tall and semi dwarf, and observed that in 
plants with dwarfism gene, higher N doses promoted 
decrease in the variables evaluated, when compared with 
tall plants.  
 
 
Conclusion 
 
Biostimulant application did not promoted increase on 
growth, N and C content of above ground part. Use of N 
promoted increase on fresh and dry matter of wheat, 
except dry matter of root, moreover, additions were 
observed in its content in above ground part of wheat. 
 
 
Conflict of Interest 
 
The authors have not declared any conflict of interest. 
 
 
ACKNOWLEDGMENTS 
 
To Fundação de Amparo à Pesquisa do Estado de São 
Paulo (FAPESP), Rothamsted Research Institute and 
Stoller do Brasil. 
 
 
REFERENCES 
 
AOAC (Association of Official Analytical Chemists) (2000). Official 

Methods of Analysis. Gaithersburg: Association of Official Analytical 
Chemists. 

 Cantarella H (2007). Nitrogênio. In: Fertilidade do solo. (Eds R. F. 
Novais, V. H. Alvarez, N. F. Barros, R. L. F. Fontes, R. B. Cantarutti,  

de Almeida et al.              2545 
 
 
 

J. C. L. Neves), Viçosa: Sociedade Brasileira de Ciência do Solo. pp. 
234-392. 

 Cato SC (2006). Ação de bioestimulante nas culturas do 
amendoinzeiro, sorgo e trigo e interações entre auxinas, citocininas e 
giberelinas. PhD thesis, Universidade de São Paulo, Piracicaba, São 
Paulo. 

 Camargo PCE de O (1974). Comportamento de cultivares de trigo em 
solos de várzea do Estado de São Paulo. Bragantia 33:65-73. 
http://dx.doi.org/10.1590/S0006-87051974000100007  
http://dx.doi.org/10.1590/S0006-87051974000100007 
http://dx.doi.org/10.1590/S0006-87051974000100007 

 Castro PRC (1998). Utilização de reguladores vegetais na fruticultura, 
na horticultura e em plantas ornamentais. Piracicaba: ESALQ/DIBD. 

 Castro PRC, Kluge RA (1999). Ecofisiologia de cultivos anuais: trigo, 
milho, soja, arroz e mandioca. São Paulo: Nobel. 

 Coelho FC, Vieira C, Mosquim PR, Cassini STA (1998). Nitrogênio e 
molibdênio nas culturas do milho e do feijão, em monocultivos e em 
consórcio: I – Efeitos sobre o feijão. Revista Ceres 260:393-407. 

 Da Ros CO, Salet RL, Porn RL, Machado JNC (2003). Disponibilidade 
de nitrogênio e produtividade de milho e trigo com diferentes 
métodos de adubação nitrogenada no sistema de plantio direto. 
Ciência Rural, 33:799-
804.http://www.scielo.br/pdf/cr/v33n5/17122.pdf 
http://dx.doi.org/10.1590/S0103-84782003000500002 

 Dalla Santa OR, Hérnandez F, Alvarez GLM, Ronzelli Junior P, Soccol 
CR (2004). Azospirillum sp. inoculation in wheat, barley and oats 
seeds greenhouse experiments. Brazilian Arch. Biol. Technol. 
47:843-850.http://dx.doi.org/10.1590/S1516-89132004000600002 
http://dx.doi.org/10.1590/S1516-89132004000600002 

 Didonet AD, Lima O dos S, Candaten AA, Rodrigues O (2000). 
Realocação de nitrogênio e de biomassa para os grãos, em trigo 
submetido à inoculação de Azospirillum. Pesquisa Agropecuária 
Brasileira 35:401-411.http://www.scielo.br/pdf/pab/v35n2/6886.pdf 
http://dx.doi.org/10.1590/S0100-204X2000000200019  
http://dx.doi.org/10.1590/S1413-70542009000400016  

Pearman I, Thomas SM, Thorne GN (1978). Effect of nitrogen fertilizer 
on growth and yield of semi-dwarf and tall varieties of winter wheat. J. 
Agric. Sci. 91:31-45.DOI:10.1017/S0021859600056604 
http://dx.doi.org/10.1017/S0021859600056604 

Sangoi L, Berns AC, Almeida ML de, Zanin CG, Schweitzer C (2007). 
Características agronômicas de cultivares de trigo em resposta à 
época da adubação nitrogenada de cobertura. Ciência Rural 
37:1564-1570. http://dx.doi.org/10.1590/S0103-84782007000600010 
http://dx.doi.org/10.1590/S0103-84782007000600010 

 Subbiah BV, Katyal JC, Narasimham RL, Dakshinamurti C (1968). 
Preliminary investigations on root distribution of high yielding wheat 
varieties. Int. J. Appl. Radiation and Isotopes 19:385-390. 
DOI:10.1016/0020-708X(68)90183-X http://dx.doi.org/10.1016/0020-
708X(68)90183-X 

Sylvester-Bradley R, Stokes DT, Scott K (2001). Dynamics of 
nitrogen capture without fertilizer: the baseline for fertilizing 
winter wheat in the UK. J. Agric. Sci. 136:15-33. 
http://dx.doi.org/10.1017/S0021859600008479 

Teixeira FMCM, Buzetti S, Alvarez R de CF, Freitas JG de, Arf O, Sá 
ME de (2007). Resposta de cultivares de trigo irrigados por aspersão 
ao nitrogênio em cobertura na região do Cerrado. Acta 
Scientiarum.Agronomy 29:421-425. DOI: 
10.4025/actasciagron.v29i3.471 
http://dx.doi.org/10.4025/actasciagron.v29i3.471  DOI: 
10.1093/aob/mcm180.http://dx.doi.org/10.1093/aob/mcm180 

 Wojciechowski T, Gooding MJ, Ramsay L, Gregory PJ (2009). The 
effects of dwarfing genes on seedling root growth of wheat. J. Exper. 
Bot. 60:2565–2573. DOI: 10.1093/jxb/erp107. 
http://dx.doi.org/10.1093/jxb/erp107 

  
 



 
Vol. 9(33), pp. 2546-2551, 14 August, 2014 
DOI: 10.5897/AJAR2014.8584 
Article  Number: 01DF2A546591 
ISSN 1991-637X 
Copyright © 2014 
Author(s) retain the copyright of this article 
http://www.academicjournals.org/AJAR 

African Journal of Agricultural  
Research 

 
 
 
 
 

Full Length Research Paper 
 

Regeneration of cotyledonary nodes from the 
recalcitrant melon cultivar ‘Gaúcho’ 

 
Marcelo Nogueira do Amaral1, Fabiana Roos Nora2, Luciano da Silva Pinto2, Juliana 

Aparecida Fernando1 and Jose Antonio Peters1* 
 

1Department of Botany, Institute of Biology, Federal University of Pelotas (UFPel), RS, Brazil. 
2Center for Biotechnology, Technology Development Center, Federal University of Pelotas (UFPel), RS, Brazil. 

 
Received 4 February, 2014; Accepted 7 April, 2014 

 

There is lack of suitable explants for efficient shoot proliferation in recalcitrant melon cultivars restricts 
genetic manipulation for crop improvement. In this study, we aimed to stimulate the regeneration 
capability of cells of melon (Cucumis melo L.) explants in order to increase shoot proliferation efficiency 
during regeneration. The media of seeds germination containing different concentrations of 
benzylaminopurine (BAP: 0.5, 1.0, and 1.5 mg L-1) can stimulate the shoot proliferation potential of 
cotyledonary nodes was described. The highest number of shoots per explant was obtained when the 
seeds and cotyledonary nodes were cultured on Murashige and Skoog media containing 1.0 and 0.5 mg L-

1 BAP, respectively, and the regeneration process occurred through organogenesis. 
 
Key words: Cucumis melo L., organogenesis, cytokinin, explants. 

 

INTRODUCTION 
 
Plants belonging to the family Cucurbitaceae are 
commonly known as cucurbits; among the major 
cucurbits, Cucumis melo L. has one of the highest 
polymorphic fruit types and botanical varieties because of 
the genetic diversity in this species (Mliki et al., 2001). 
Many varieties of both cultivated and wild melons are 
found worldwide (Chovelon et al., 2011). On the basis of 
total production and harvestable area, cantaloupes and 
other melons (e.g., C. melo L.) are among the most 
important cultivated cucurbits in the world (Nunez-
Palenius et al., 2008). In Brazil, mostly in the southeast, 
cultivated melons belong to the saccharinus variety and 
have medium- to big-sized fruits that are round or oblong 
with white or yellow and very sweet flesh (Nunez-
Palenius et al., 2008). The cultivar ‘Gaúcho’  is  cultivated  

extensively, even though it produces perishable fruits 
with a shelf life of 4 to 6 days after harvest (Pinho et al., 
2010). Traditional hybridization techniques have been 
used for melon breeding; however, there is an increasing 
demand for new cultivars with a wide variety of 
characteristics, such as high levels of disease resistance 
and enhanced flavor and sweetness (Chovelon et al., 
2011).  

Although several methods have been reported in the 
literature for plant regeneration with different explants 
(Chaturvedi and Bhatnagar, 2001; Curuk et al., 2003; 
Akasaka-Kennedy et al., 2004; Comlekcioglu et al., 
2009), the efficiency of the techniques for melons has 
been usually low and highly dependent on the genotype 
(Galperin  et  al.,  2003;   Nunez-Palenius   et   al.,   2008; 
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Chovelon et al., 2011) and the explant source (Guis et 
al., 2000; Pinho et al., 2010). Besides, it is very common 
that induced buds do not develop into normal shoots or 
plantlets (Stipp et al., 2001). Consequently, 
environmental and hormonal requirements for melon 
regeneration are poorly understood, and the development 
of simple procedures to regenerate and transform melon 
genotypes is necessary (Chovelon et al., 2011).  

In the present study, melon cultivar ‘Gaúcho’ a new 
source of explant (cotyledonary nodes) and its response 
to stimulation of the regeneration rate and formation of 
normal shoots was investigated.  
 
 
MATERIALS AND METHODS 
 
Seeds of C. melo L. ‘Gaúcho’ were surface-sterilized in 1% (w/v) 
sodium hypochlorite and 0.01% Tween-20 for 20 min after 
removing the integument. Then, the solution was decanted, and the 
seeds were rinsed three times with sterile water. The seeds were 
placed for germination on basal Murashige and Skoog (MS) 
medium (Murashige and Skoog, 1962) containing (in mg L-1) 
sucrose 30.000; i-inositol 100; thiamine-HCl 1.0; pyridoxine-HCl 
0.05; nicotinic acid 0.05; glycine 2.0; bacto agar 7.000 (Difco 
Laboratories), supplemented with 0.0, 0.5, 1.0, and 1.5 mg L-1 of 
benzylaminopurine (BAP) for seven days, and cultured at 23 ± 2°C 
under 40 μmol m-2 s-1 flux density of photons and a 16-h 
photoperiod. 

After seven days, cotyledonary nodes of seedlings containing 
shoot apical meristem cells (explant length, 3 to 5 mm) were 
obtained by removing the epicotyl, hypocotyl, and cotyledons and 
placed on three different regeneration media: (1) basal MS medium 
containing 0.25 mg L-1 BAP and 0.3 mg L-1 abscisic acid (ABA), (2) 
basal MS medium containing 0.5 mg L-1 BAP and 0.3 mg L-1 ABA, 
or (3) basal MS medium containing 0.9 mg L-1 BAP and 0.3 mg L-1 
ABA. After 30 days on the regeneration media, the apical shoots 
and new axillary buds were cut off, and the cotyledonary nodes 
were placed back on the same regeneration media for a further 15 
days. After 45 days on the regeneration media, newly regenerated 
shoots were separated and transferred to the elongation and 
rooting medium (basal MS medium without growth regulators) for 4 
to 5 weeks. The pH was adjusted to 5.8 before autoclaving (120°C, 
20 min). All steps were performed using the same growth conditions 
(temperature and flux density of photons) as described above. The 
shoots that developed healthy roots in vitro were transferred to a 
greenhouse and planted in pots with a mixture of equal parts (v/v) 
of soil and vermiculite for growth.  

The experimental design for the regeneration experiment was 
completely randomized with three replicates (3 Petri dishes) and 
each replicate of 10 explants, totalizing 30 explants by treatment. 
The results were assessed using analysis of variance (ANOVA), 
and the mean values were compared using Duncan’s test at 1% 
error probability with the statistical software WinStat (Machado and 
Conceição, 2007).  

Histological analyses of the regeneration process were 
performed by observing the cotyledonary nodes 35 days after 
transference to the regeneration medium. The cotyledonary nodes 
were immersed in a fixative (paraformol–glutaraldehyde–buffer 
phosphate at 1:1:8 v/v/v) for 24 h, rinsed twice with phosphate 
buffer for 1 h, rinsed with distilled water, dehydrated using an 
ethanol series (30, 50, 70, 90, and 95%), and embedded in 
methacrylate resin (LEICA HISTORESIN). Transverse sections 
(thickness, 5 µm) were serially cut with a retraction microtome, 
collected on microscope slides, stained with 0.05% toluidine blue 
(Sakai, 1973), diluted in phosphate–citrate buffer titrated  to pH  4.5  
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(Mcllvaine, 1921), and mounted in Entellan synthetic resin (Merck). 
Images were captured digitally by using a Leica DM LB microscope 
with a video camera attached to a PC and IM50 image analysis 
software. 
 
 
RESULTS 
 
Seven-day-old seedlings growing in media containing 
BAP showed abnormal growth, enlarged cotyledons, 
thick and short hypocotyls, and roots swollen at the tip 
with none or only a few small lateral roots (Figure 1A, B, 
and C). In contrast, seedlings growing on media without 
BAP were normal, with well-developed hypocotyls and 
roots (Figure 1D). In addition, the cotyledonary nodes 
appeared to be more swollen in the seedlings that 
developed on BAP-supplemented media (Figure 1E). 
Cotyledonary nodes on all regeneration media showed 
apical shoot growth (apical dominance behavior) after 30 
days; a single growing axis was observed, with none or 
some leaf primordia. Explants from all germination media 
when transferred to regeneration media containing 0.25 
mg L-1 BAP showed similar growth of the apical shoot 
without callus formation. However, apical shoot growth 
became less pronounced, with an increase in BAP 
concentration during the regeneration process (Figure 
2A, B, and C). Increase in BAP concentration during 
germination, combined with higher levels of this growth 
regulator during regeneration, induced the formation of 
calli and a significant reduction in shoot development. In 
addition, more leaf primordia and poor shoot formation 
were observed after these treatments (Figure 2D to I). 

Removal of apical shoots and cultivation of those 
tissues for a further 15 days in the same regeneration 
media appeared to have the most promising effect in 
inhibiting apical dominance and inducing the 
development of multiple well-formed axillary shoots 
(Table 1 and Figure 3A). A higher number of well-formed 
axillary shoots (100% normal shoots) were obtained from 
explants excised from seedlings that grew in media 
containing 1.0 mg L-1 BAP and regenerated in media 
containing 0.5 mg L-1 BAP (5.5 shoots/explant). 
Furthermore, the average percentage of regenerating 
explants was high (94%) after considering all treatments 
(Table 1). 

Subculturing regenerated shoots on the elongation and 
rooting medium (Figure 3B) without growth regulators 
had a positive response on shoot growth and root 
generation (100% rooting). Then, in vitro plants were 
transferred to the substrate and acclimatized under 
greenhouse conditions (Figure 3C). 

The histological analyses showed that adventitious 
shoots developed directly from the epidermal and 
subepidermal layers of the explants at 5 days after the 
removal of the apical shoots (Figure 4A to E). Initial 
development of adventitious shoots with only one leaf 
primordium was verified on MS medium without growth 
regulators, and the  shoots  were  regenerated  on  media  
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Figure 1. Seven-days-old melon seedlings germinated for seven days. A-C. 
Germination on MS basal medium containing BAP (0.5, 1.0 and 1.5 mg L-1, 
respectively) D. Germination on MS basal medium without growth regulator. E. 
Cotyledonary node explant removed prepared from seedling germinated on MS 
basal medium containing BAP. Bars = 1 cm. 

 
 
 
 

 
 
Figure 2. Propagules from cotyledonary nodes explant cultivated 
for 30 days on regeneration medium. A to C: Germination on 0.5 
mg L-1 BAP and regeneration on 0.25, 0.5 and 0.9 mg L-1 BAP 
respectively. D to F: Germination on 1.0 mg L-1 BAP and 
regeneration on 0.25, 0.5 and 0.9 mg L-1BAP, respectively. G to I: 
Germination on 1.5 mg L-1 BAP and regeneration on 0.25, 0.5 and 
0.9 mg L-1 BAP, respectively, Bars = 1cm. 
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Table 1. Percentage of regeneration and number of axillary shoots per explants of melon cotyledonary nodes after 45 days in the regeneration 
media. 
  

BAP concentration (mg.L-

1) during seed germination 

BAP concentration (mg.L-1) during regeneration 

0.25 0.5  0.9 

% 
regeneration 

Number 
shoots/exp 

% 
regeneration 

Number 
shoots/exp 

% 
regeneration 

Number 
shoots/exp 

0.0 60.0 C 2.1a 83.0 C 0.5b 93.3 B 2.2a 
0.5 100.0 D 1.3b 93.3 C 0.8c 100.0 B 2.1a 
1.0 100.0 A 4.1c 100.0 A 5.5a 100.0 A 4.6b 
1.5 100.0 B 2.9b 100.0 A 3.4b 100.0 B 2.4c 

 

Means of treatment were compared using Duncan’s test. Results for the same BAP concentration during regeneration do not differ from each other (p < 
0.01) if the upper case letter on the left side of the means are the same. Results for same BAP concentration during seedling germination do not differ 
from each other (p < 0.01) if the lower case letter on the right side of the means are the same. 

 
 
 

 
 
Figure 3. A to B: Shoots and melon plants, cv. 'Gaucho' from cotyledonary nodes cultivated in vitro. A: shoots 
formation with 1.0 and 0.5 mg L-1 of BAP on germination and regeneration media, respectively; B: Shoot growing 
and root formation Growth and rooting of shoots in medium without growth regulators; C: Acclimatization of melon 
plants in a greenhouse. Bars= 1 cm. 

 
 
 
containing 0.25 mg L-1 BAP (Figure 4A and C). 
Adventitious shoots with shoot apical meristems and leaf 
primordia were observed on the regenerated medium 
with 1.0 mg L-1 BAP (Figure 4B, D, and E). 
 
 
DISCUSSION 
 
The addition of BAP during seed germination has a 
positive influence on the regeneration rate. The best 
hormonal concentrations for the production of new shoots 
were 1.0 and 0.5 mg L-1 BAP during the germination and 
regeneration phases, respectively (Table 1), with 5.5 
shoots per explant. Furthermore, the percentage of 
regenerating explants ranged from 60 to 100% (average 
for all treatments, 94%) of the cotyledonary nodes 
inoculated in the regeneration media, determining a high 
efficiency in the final production process of in vitro plants 
and hence in acclimatization. These results are much 

higher than those obtained by Pinho et al. (2010) who 
used the same cultivar and another explant (cotyledons 
from newly germinated seeds) and achieved only a 
regeneration rate of 29.66%, even when the seeds were 
germinated on MS medium containing BAP. 

The histological analyses confirmed the development of 
shoot apical meristems and leaf primordia from 
cotyledonary nodes (Figure 4), and the adventitious 
shoots were more developed when formed in germination 
media with a low BAP concentration (Figure 2). Thus, the 
addition of BAP in the culture media during the phases of 
seed germination and regeneration must have affected 
the internal hormonal balance of the explants (Wang et 
al., 2011), enabling the breaking of apical dominance and 
determining an increase in the number of healthy shoots 
by organogenesis (Figure 4). Krug et al. (2005) had 
studied the cotyledon explants of watermelon and 
observed the formation of protuberances that did not 
develop into adventitious buds. 

 

 

 

 

 

 

 

A B C
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Figure 4. In vitro organogenesis from cotyledonary nodes of melon, cv. Gaúcho, after the main 
axis had been removed and regenerated for a further 5 days cultured for 35 days on regeneration 
medium. A. Longitudinal section showing initial development of shoot (arrow) on basal medium 
MS without growth regulators and regenerated on 0.25 mg L-1 BAP. B to E. Shoots (arrows) 
formed directly at the explant (Ex); B. Transverse section of explant showing shoot regeneration 
(germinated on 1.0 mg L-1 BAP and regenerated on 0.25 mg L-1 BAP); C. Germinated on MS basal 
medium without hormone and regenerated on 0.5 mg L-1 BAP; D to E. Germinated on 1.0 mg L-1 

BAP and regenerated on 0.5 mg L-1 BAP. Bars = 200 µm. 
 
 
 
In our study, the concentrations of BAP added during 
germination did not affect the frequency or speed of seed 
germination, but altered the morphology of the seedlings 
(Figures 1 and 2). Auxins and cytokinins have been 
reported as the key hormones that control the cellular 
architecture of the primary root and the initiation of new 
lateral roots. The use of BAP during seed germination 
determined an impairment of growth and development of 
seedlings and roots, as observed in Arabidopsis thaliana 
(Cary et al., 1995; Muraro et al., 2013). 

The positive effect of BAP on the regeneration of 
shoots has been mostly reported in  melons  (Ntui  et  al., 

2009; Pinho et al., 2010) and other species such as 
watermelon (Chaturvedi and Bhatnagar, 2001; Krug et 
al., 2005), and cucumber (Selvaraj et al., 2007). 
However, few studies have been performed on the 
positive effect of pre-treatments before the regeneration 
stage with growth regulators. Kintzios et al. (2002) 
reported the positive effect of pre-treatments with growth 
regulators in melons to improve embryogenesis, 
suggesting that hormone treatments may help cells to 
enter organogenic differentiation pathways.  

Plants that show apical dominance, such as melons 
have preferentially a single growing axis  and  few  lateral  



 
 
 
 
branches. Therefore, exogenous cytokinin treatments 
could impair apical dominance and help in the 
regeneration process of the cotyledonary nodes. Our 
observations showed that the BAP concentrations used 
in the regeneration step did not completely prevent apical 
dominance (Table 1). As expected, the inhibition of apical 
dominance increased with an increase in the 
concentration of BAP until a limit was reached; then, the 
cells lost their ability to produce healthy shoots (Figures 2 
and 3).  

A major issue for the production of new melon cultivars 
with new characteristics is their different tissue responses 
during the regeneration process and the low number of 
regenerated plants. A new explant source such as the 
cotyledonary node that responds more effectively could 
be used with increased efficiency in genetic 
transformation programs for melons. To achieve this, a 
better understanding of the regeneration process in 
different tissues of recalcitrant species such as melons is 
essential. 
 
 
Conflict of Interest 
 
The authors have not declared any conflict of interest. 
 
 
ACKNOWLEDGEMENTS 
 
Authors are grateful to Professor Beatriz Appezzato-da-
Glória from the Plant Anatomy Laboratory, Escola 
Superior de Agricultura “Luiz de Queiroz,” Universidade 
de São Paulo for the use of laboratory facilities. 
 
 
REFERENCES 
 
Akasaka-Kennedy Y, Tomita KO, Ezura, H (2004). Efficient plant 

regeneration and Agrobacterium-mediated transformation via somatic 
embryogenesis in melon (Cucumis melo L.). Plant Sci. 166:763-769. 
http://dx.doi.org/10.1016/j.plantsci.2003.11.020 

Cary AJ, Liu WN, Howell SH (1995). Cytokinin action is coupled to 
ethylene in its effects on the inhibition of root and hypocotyl 
elongation in arabidopsis-thaliana seedlings. Plant Physiol. 107:1075-
1082.  http://dx.doi.org/10.1104/pp.107.4.1075 

Chaturvedi R, Bhatnagar SP (2001). High-frequency shoot regeneration 
from cotyledon explants of watermelon cv. Sugar Baby. In Vitro Cell. 
Dev. Biol.-Plant. 37:255-258. http://dx.doi.org/10.1007/s11627-001-
0045-7 

Chovelon V, Restier V, Giovinazzo N, Dogimont C, Aarrouf J (2011). 
Histological study of organogenesis in Cucumis melo L. after genetic 
transformation: why is it difficult to obtain transgenic plants. Plant Cell 
Rep. 30:2001-2011.  http://dx.doi.org/10.1007/s00299-011-1108-9  

Comlekcioglu N, Mendi YY, Eldogan S, Unek C (2009). Effects of 
different combinations and concentrations of growth regulators and 
photoperiod on somatic embryogenesis of cucumis melo var. 
flexuosus. Afr. J. Biotechnol. 8:6228-6232. 
http://dx.doi.org/10.5897/AJB09.1214 

Curuk S, Ananthakrishnan G, Singer S, Xia XD, Elman C, Nestel D, 
Cetiner S, Gaba V (2003). Regeneration in vitro from the hypocotyl of 
Cucumis species produces almost exclusively diploid shoots, and 
does not require light. Hortsci. 38:105-109.  

 

do Amaral et al.              2551 
 
 
 
Galperin M, Patlis L, Ovadia A, Wolf D, Zelcer A, Kenigsbuch D (2003). 

A melon genotype with superior competence for regeneration and 
transformation. Plant Breed. 122:66-69. 
http://dx.doi.org/10.1046/j.1439-0523.2003.00764.x 

Guis M, Ben Amor M, Latche A, Pech JC, Roustan JP (2000). A reliable 
system for the transformation of cantaloupe charentais melon 
(Cucumis melo L. var. cantalupensis) leading to a majority of diploid 
regenerants. Sci. Hortic. 84:91-99.  http://dx.doi.org/10.1016/S0304-
4238(99)00101-6 

Krug MGZ, Stipp LCL, Rodriguez APM, Mendes BMJ (2005). In vitro 
organogenesis in watermelon cotyledons. Pesquisa Agropecuaria 
Brasileira, Brasília 40:861-865. http://dx.doi.org/10.1590/S0100-
204X2005000900004 

Kintzios S, Sereti E, Bluchos P, Drossopoulos JB, Kitsaki CK, Liopa-
Tsakalidis A (2002). Growth regulator pretreatment improves somatic 
embryogenesis from leaves of squash (Cucurbita pepo L.) and melon 
(Cucumis melo L.). Plant Cell Rep. 21:1-8. 
http://dx.doi.org/10.1007/s00299-002-0448-x 

Machado AA, Conceição, AR (2007). Sistema de análise estatística 
para Windows. Winstat. Versão 2.0 UFPel. 

Mcllvaine TC (1921). A buffer solution for colorimetric comparison. J. 
Biol. Chem. 49:183-186. 

Mliki A, Staub JE, Sun ZY, Ghorbel A (2001). Genetic diversity in melon 
(Cucumis melo L.): An evaluation of African germplasm. Genet. 
Resour. Crop. Ev. 48:587-597.  
http://dx.doi.org/10.1023/A:1013840517032 

Muraro D, Byrne H, King J, Bennett M (2013). The role of auxin and 
cytokinin signalling in specifying the root architecture of Arabidopsis 
thaliana. J. Theor. Biol. 317:71-86.  
http://dx.doi.org/10.1016/j.jtbi.2012.08.032 

Murashige T, Skoog F (1962). A revised medium for rapid growth and 
bioassays with tobacco tissue cultures. Physiol. Plant. 15:473-497. 
http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x 

Ntui VO, Thirukkumaran G, Iioka S, Mii M (2009). Efficient plant 
regeneration via organogenesis in "Egusi" melon (Colocynthis 
citrullus L.). Sci. Hortic. 119:397-402. 
http://dx.doi.org/10.1016/j.scienta.2008.08.031 

Nunez-Palenius HG, Gomez-Lim M, Ochoa-Alejo N, Grumet R, Lester 
G, Cantliffe DJ (2008). Melon fruits: Genetic diversity, physiology, 
and biotechnology features. Crit. Rev. Biotechnol. 28:13-55.  

http://dx.doi.org/10.1080/07388550801891111 
Pinho DS, Rey MS, Vieira A, Danielowsk R, Braga EJB, Peters JA 

(2010). Regeneração in vitro de melão, cv. ‘Gaúcho’. Ciência Rural 
40:1083-1089.  http://dx.doi.org/10.1590/S0103-
84782010005000080  

Sakai WS (1973). Simple method for differential staining of paraffin 
embedded plant material using toluidine blue o. Stain Technology 
48:247-249. http://dx.doi.org/10.3109/10520297309116632 

Selvaraj N, Vasudevan A, Manickavasagam A, Kasthurirengan S, 
Ganapathi A (2007). High frequency shoot regeneration from 
cotyledon explants of cucumber via organogenesis. Sci. Hortic. 
112:2-8. http://dx.doi.org/10.1016/j.scienta.2006.12.037 

Stipp LCL, Mendes BMJ, Piedade S, Rodriguez APM (2001). In vitro 
morphogenesis of Cucumis melo var. inodorus. Plant Cell Tissue 
Organ Cult. 65:81-89. http://dx.doi.org/10.1023/A:1010684922210 

Wang Y, Li L, Ye T, Zhao S, Liu Z, Feng YQ, Wu Y (2011). Cytokinin 
antagonizes ABA suppression to seed germination of Arabidopsis by 
downregulating ABI5 expression. Plant J. 68:249-261. 
http://dx.doi.org/10.1111/j.1365-313X.2011.04683.x 

 
 



 

 

 
Vol. 9(33), pp. 2552-2559, 14 August, 2014 
DOI: 10.5897/AJAR2014.8899 
Article  Number: 9D036BC46597 
ISSN 1991-637X 
Copyright © 2014 
Author(s) retain the copyright of this article 
http://www.academicjournals.org/AJAR 

African Journal of Agricultural  
Research 

 
 
 

Full Length Research Paper 
 

Determination of favorable sowing date of sweet 
sorghum in the State of São Paulo, Brazil by  

crop modeling 
 

Lucas Eduardo de Oliveira Aparecido1*, Glauco Souza Rolim1 and Paulo Sergio Souza2 
 

1FCAV/Unesp - Departamento de Ciências Exatas, Rodovia Paulo Donato Castellane, s/n, Bairro Rural, - 14884-900 - 
Jaboticabal, SP, Brasil. 

2Instituto Federal de Educação, Ciência e Tecnologia do Sul de Minas Gerais – IFSULDEMINAS, Estrada de 
Muzambinho, km 35 - Bairro Morro Preto - 37890-000 – Muzambinho, MG, Brasil. 

 
Received 5 June, 2014; Accepted 25 July, 2014 

 
Sweet sorghum is a biofuel source for alternating with sugarcane in the State of São Paulo due to its 
short cycle, good sugar quantity and the possibility of using the same machinery that has been used 
for cane harvesting. The interest in the use of this crop is increasing because it keeps the sugar mills 
with material supply from all areas throughout the year. Thus we used an agrometeorological model to 
determine the best sowing dates for sweet sorghum, taking into account an early Brazilian cultivar 
(BRS 700), medium (BRS 601) and late (BRS 506). This model mainly relates solar irradiation, air 
temperature and water availability to crop yield. The simulations were done in important sugarcane 
regions in the State as north (Barretos), central-north (Jaboticabal), west (Tupã) and south 
(Itapetininga). After calibration, the model was used to estimate the potential yield, actual yield, climatic 
risk and the relative yield loss for 36 sowing dates per year with available data (1971-2012). The 
cultivars had the highest average yield in Itapetininga due to the increase of the cycles followed by 
Tupã, Barretos and Jaboticabal. The cultivar BRS 700 had the greatest climatic risk (84.19%) at Tupã 
and BRS 506 the lowest (63.17%) at Itapetininga. On average the best planting dates for cultivars were 
the second 10-day period (TDP) of September (2TDP-Sept) up to 2TDP-Jan to the Barretos, Jaboticabal 
and Tupã regions, and 2TDP-Jul up to 2TDP-Nov to Itapetininga. 
 
Key words: Climate risk, yield estimation, planting season, Food and Agriculture Organization (FAO), 
agrometeorology. 

 
 
INTRODUCTION 
 
The demand for alternative fuels, particularly ethanol, is 
constantly rising in the world. Currently biofuels 
contribute 3% of global transportation and by 2050 is 
expected to increase to 10% (Yan et al., 2011). The 
cultivation of sorghum (Sorghum bicolor L. Moench),  one 

of the important cereal in the world (Ferreira et al., 1999), 
has gained prominence, primarily sweet sorghum 
cultivars also known as cane sorghum. The sorghum 
cultivars exhibit high sugar content in the stem (Nan et 
al., 1994). The source  of  this  sugar  is  the  fermentable 

 
*Corresponding author. E-mail: lucas-aparecido@outlook.com, Tel: +55 16 3209-2624. 
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 
License 4.0 International License 



Aparecido et al.              2553 
 
 
 

Table 1. Geographic coordinates of locations, period of data collection and the number of years used effectively. 
 

Location 
Latitude Longitude Altitude 

Period Years Climate(3)  
(°, south) (°, west) (m) 

Barretos1 20º33'26'' 48º34'04'' 530 1992-2008 18 C2dA’a’ 
Jaboticabal2 21º15'17'' 48º19'20'' 607 1971-2012 41 B1rA’a’ 
Tupã1 21º56'01'' 50º30'45'' 524 1993-2012 19 B1rB’4a 
Itapetininga1 23º35'30'' 48º03'11'' 656 1994-2010 16 B1rB’3a’ 

 

Source: (1) Instituto Agronômico de Campinas, Centro Integrado de Informações Agrometeorológicas (CIIAGRO), (2) 
UNESP - Jaboticabal, (3) Folowing Thornthwaite (1948) climatic classification system. 

 
 
 
carbohydrates (Teetor et al., 2011; Teixeira et al., 1999) 
allowing the production of biomass for ethanol 
production. In addition, these cultivars have short cycle, 
around 120 days (Parrella et al., 2012), have the 
possibility of mechanization with the same machinery for 
sugarcane (Embrapa, 2004), and presents high water 
use efficiency and can be grown in semi-arid conditions 
(Narayanan et al., 2013). 

The crop yield is essentially dependent on climatic 
factors (Poudel and Koji, 2013). Hoogenboom (2000) 
points out that the weather elements most critical to 
agricultural production are usually the air temperature, 
solar radiation and rainfall. The air temperature regulates 
rates vegetative and reproductive development. The solar 
radiation provides the energy for photosynthesis affecting 
the partitioning of carbohydrates and growth of the 
individual components of the plant. Some cultivars of 
sorghum are photoperiodic, especially in relation to 
flowering (Craufurd and Qi, 2001), but none of them were 
selected for this study. Hoogenboom (2000) further states 
that water availability affects evapotranspiration, water 
uptake by the roots, the root system distribution, the size 
of the canopy, thereby affecting the rates of plant 
development. The same author emphasizes that the 
surface temperature of the soil is important for 
germination rates. The relative humidity, temperature, 
dew point and vapor pressure deficit influence the 
presence and activity of pests and diseases, and the 
wind affects the transpiration rate of the plants and 
spread of insects and diseases. 

The origin of sorghum is the African tropical areas 
(Teetor et al., 2011), and water requirements are about 
400 mm up to 600 mm to complete the cycle in the 
central area of Brazil (Sans et al., 2003). The sorghum is 
one of the crops with high sensitivity at low air 
temperatures, which occur most commonly at night. The 
optimum daily air temperature range is from 33 to 34°C. 
Air temperatures above 38°C and below 16°C decreases 
the yield of sorghum (Magalhães et al., 2008). 

A model is a mathematical representation of a system 
and modeling is the process of development of this 
representation (Jones et al., 1987). The crop models 
seek to explain and estimate the plant development and 
yield, evaluating the effect of meteorological variables in 
physical and physiological processes of crops (Baier, 

1979), helping the planning and decision making in 
agricultural areas (Niu et al., 2008). 

The relationship between the crop development and 
climatic factors is complex, but Doorenbos et al. (1979) 
simplified this relationship and proposed that the actual 
yield (AY) is related to a potential yield (PY) modulated 
by water availability. The PY of a crop, calculated by a 
submodel named agroecological zone method (AEZ), 
depends basically of the photosynthetic rate which is 
related to solar irradiance, air temperature and plant 
genetic potential. The model relates the crop yield loss to 
water availability and also can be used to determine best 
sowing dates (Belmont et al., 2002). The most suitable 
sowing dates are those when weather conditions 
minimize the yield losses due to water deficit or excess 
(Neto et al., 2001). Von Pinho et al. (2007) determining 
the best sowing dates for maize and sorghum in the State 
of Minas Gerais, Brazil, found that sowing in November 
and January promote the increase of dry matter and 
higher nutritional value, respectively. This effect was due 
to lack of rain from February fostering a reduction in dry 
matter and increased amount of nutrients. The thermal 
and water available in State of São Paulo are somewhat 
similar of Minas Gerais but the variability of rain is 
greater. 

Several papers are found in the literature on the 
determination of sowing dates using as models for the 
cultivation of upland rice (Wrege et al., 2001), bean (Silva 
et al., 2006b), maize (Maton et al., 2007), soybean 
(Dallacort et al., 2006) and wheat (Silva et al., 2009). As 
sweet sorghum is an option for ethanol production in 
periods alternating with the sugarcane the present work 
aims to determine the best sowing dates for four major 
sugarcane regions in the State of São Paulo using the 
agrometeorological model proposed by Doorenbos et al. 
(1979). 
 
 
MATERIALS AND METHODS 
 
Time series data of maximum and minimum air temperature (°C) 
and precipitation (mm) from four meteorological locations were 
used. The mean air temperature was calculated as the average 
between the maximum and minimum daily temperature. The sites 
selected were Barretos, Jaboticabal, Tupã and Itapetininga (Table 
1),  important  sorghum  regions  at  São  Paulo  State.  The   sweet  
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Table 2. Crop coefficient (Kc), available water capacity (CAD), coefficient of sensitivity to 
drought (Ky) and leaf area index (LAI). 
 

Phenological phase Kc CAD (mm) Ky LAI 

Establishment (EST) 0.4 20 0.0 0.2 
Vegetative Development (DV) 0.7 40 0.2 3.0 
Flowering (FLR) 1.1 70 0.6 5.0 
Frutification (FRU) 0.8 80 0.5 4.5 
Maturation (MAT) 0.5 80 0.2 4.0 

 
 
 
sorghum cultivars were selected according to the cycle of each 
material, the variety BRS 506, hybrids BRS 601 and BRS 700, were 
late, intermediate and early, respectively, all without photoperiodic 
sensitivity, provided by the Brazilian Agricultural Research 
Corporation (EMBRAPA). 

The crop water balance was calculated as proposed by 
Thornthwaite and Mather (1955) modified by Barbieri et al. (1997) 
which takes into account the variation of the crop coefficient (Kc), 
coefficient of sensitivity to water stress (Ky) and available water 
capacity (CAD) for each phenological phase. The values of these 
coefficients are those recommended by Doorenbos et al. (1979) 
(Table 2). The potential evapotranspiration (PET) was estimated by 
the method of Camargo (1962) (Equation 1).  
 

                (1) 

 
Where, Qo = Extraterrestrial solar irradiation (MJ m-2 d-1), T = daily 
mean air temperature (°C), N = number of days. 

Using 10-day data, simulations were made estimating potential 
yield (PY) following Agroecological Zone proposed by Doorenbos 
and Kassam (1994), by Equation (2). 
 

              (2) 

Where, PPB = Gross potential yield of dry matter (kg ha- 1); Ciaf = 
coefficient of leaf area index; Cres = respiration coefficient; Ccol = 
coefficient of harvest index, ND = number of days of crop 
phenological phase. 

Actual yield (AY) due to water restrictions was estimated 
according to the model proposed by Doorenbos and Kassam 
(1994), using the factor of crop sensitivity to water stress (Ky) by 
Equation (3): 
 

               (3) 

Where: ETa = actual crop evapotranspiration (mm period-1), ETc = 
crop evapotranspiration (mm period-1); 
The relative yield loss (Q) (Equation 4) was tested for 36 sowing 
dates per year and used for determining the best sowing dates. 
 

                             (4) 

 
The analysis was divided into two stages: the first consisted of 
calibration of the cultural coefficients for each cultivar: lower base 
temperature (Tb), Thermal index for cycle duration (ΣGD), harvest 
index coefficient (Ccol) and humidity of the harvested product (U%). 
In this step we used the last five years meteorological data of each 
location. The second step consisted in simulating PY and AY and 
cycle duration in different sowing dates using the remain climatic 

data for each location. The calibration coefficients was done 
iteratively using linear programming model with the generalized 
reduced gradient (GRG2) (Lasdon and Waren, 1982) to minimize 
the difference between the estimated AY data and those collected 
from Silva et al. (2005, 2006a). 

The climate risk (CR) was determined for each location relative to 
the cultivation of sweet sorghum (Equation 5). The CR indicates the 
sensitivity of the overall annual crop yield related to different 
regional climatic conditions. If CR is close to 0%, it means that the 
yield amplitude in many years is small caused by a stable climatic 
conditions therefore under low climatic risk. 
 

                (5) 

 
Where, AYmax = Absolute maximum actual yield (kg ha-1) and 
AYmin = absolute minimum actual yield (kg ha-1) in the analyzed 
period. 

The best sowing dates were determined by the high values of AY 
with low variability and low values of Q, analyzed by box-plot charts 
and scatterplots. 
 
 
RESULTS AND DISCUSSION 
 
The calibration of cultivars coefficients using GRG2 
algorithm showed that all cultivars present Tb equal to 
8°C and U% equal to 80%. The other parameters were 
different for each cultivar (Table 3). The Barretos region 
had the high monthly air mean temperatures in relation to 
other areas (Figure 1a). Itapetininga was the coldest 
region (Figure 1d). The high air temperatures conditioned 
high evapotranspiration associated with low rainfall, 
Barretos exhibits greater water deficit (DEF) in 
comparison to other regions. Generally in all regions, 
DEF occurred between mid-March and October, except 
at Itapetininga where normal periods of DEF were from 
July to September. The greater values of AY for BRS 
506, BRS 601 and BRS 700 were found in Itapetininga, 
84104.6, 71536.7 and 57625.9 kg ha-1, respectively, due 
to warm temperatures and minors DEF showed in this 
location in relation to others. 

The lowest AY occurred at Tupã for BRS 601 and BRS 
700 values 12131.29 and 7685.02 kg ha-1, concurrently. 
BRS 506 for the location of production was lower 
Barretos, with 17005.81 kg ha-1. Marin et al. (2006) 
working with sorghum in the region of São Paulo 
suggests  that  the  fall  of  the  AY  can  be  attributed   to  
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 Table 3. Harvest index (Ccol), cycle duration and the sum of degree-days (ΣGD) for different phenological 
phases of sorghum cultivars. 
 

Cultivar Ccol Cycle (Days) 
∑GD 

EST DV FLR FRU MAT Total 

BRS-506 0.9 125 380 608 456 228 228 1900 
BRS-601 0.8 100 360 540 360 270 270 1800 
BRS-700 0.8 92 244.6 231 380.4 203.8 190.2 1250 
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Figure 1. Monthly water balance (deficiency and surplus) following Thornthwaite and Mather (1955) method and mean 
air temperature. Source: INMET (1990). 

 
 
 
severe water deficit and low air temperature during the 
winter. Climate risk (CR) found for the study sites was 
75.57, 76.90, 75.93 and 63.74% compared to BRS 506, 
but for hybrid BRS 601 values were 75.69, 81.48, 80.46 
and 65.23%, and the BRS 700, 64.98, 79.82, 84.19 and 
70.42% to Barretos, Jaboticabal, Tupã and Itapetininga 
respectively. 

The best planting dates for BRS 506 occurred from the 
second ten-day period of September (2TDP-Sept) up to 
2TDP-Jan in Barretos, 2TDP-Sept up 1TDP-Jan in 
Jaboticabal, 1TDP-Oct up to 2TDP-Jan in Tupã and 
1TDP-Jul up to 2TDP-Nov in Itapetininga because these 
times were higher AY, smaller Q (%) and relatively less 
variability (Figure 2), however, for Soybeans in the State 

of Paraná, the best sowing date were 2TDP-Oct up to 
1STD-Nov (Dallacort et al., 2008). 

The average AY of BRS 506 in favorable sowing dates 
were 53928.3, 55731.7, 52862.6 and 66557.9 kg ha-1 for 
Barretos, Jaboticabal, Tupã and Itapetininga respectively. 
The greater Q occurred in mid-April for all locations. This 
was due to the phase DV that had an average of 160 
days (Figure 3), flowering (45 days) and maturation (40 
days) occurred during periods of DEF. In similar 
experiment, analyzing the cultivar BRS 300 in the 
location of Ilha Solteira, SP, Marin et al. (2006) described 
a high Q in the sowing dates during 1TDP-Apr up to 
1TDP-Aug. 

The Itapetininga region had a decrease of AY from
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Figure 2. Simulation of actual yield (kg ha-1) and relative yield loss (Q) (%) in relation to 10 days intervals of sowing dates for 
variety BRS 506 at a) Barretos, b) Jaboticabal, c) Tupã and d) Itapetininga. 

 
 
 
2TDP-Nov, reaching a difference greater than 5000 kg 
ha-1 for BRS 506 variety and the hybrid BRS 601. These 
levels of AY were probably due to low air temperatures 
(Figure 1d) that maintained low atmospheric vapor 
demanding, favoring EXC conditions during flowering (45 
days) and DEF during maturation. The simulation of 
different sowing dates for hybrid BRS 601 resulted in high 
AY, low Q and low variability from 1TDP-Oct to 3TDP-Jan 
in Barretos, 3TDP-Oct to 1TDP-Mar in Jaboticabal, 
3TDP-Oct to 1TDP-Feb in Tupã and 2TDP-Jul to 2TDP-
Nov in Itapetininga (Figure 2). The best sowing dates for 
BRS 700 were from 2TDP-Oct up to 3TDP-Feb, for all 
locations, except in Itapetininga in which the best dates 
were from 2TDP-Jul up to 3TDP-Dec (Figure 4). These 
results were similar to Silva et al. (2006a) that  worked  in 

Viçosa, MG, showing that the best sowing dates for BRS 
700 ranged from 1TDP-Dec up to 1TDP-Jan. 

In the best sowing dates for BRS 601 the Q were less 
than 20% and AY in Barretos, Jaboticabal, Tupã e 
Itapetininga were 47.201,7 kg ha-1, 42.2558,8 kg ha-1, 
42.426,6 kg ha-1 and 56.090,8 kg ha-1, respectively. The 
AY for BRS 700 was 33.767,1 kg ha-1, 35.048,8 kg ha-1, 
29.788,1 kg ha-1 and 40.938,4 kg ha-1 in Barretos, 
Jaboticabal, Tupã and Itapetininga, respectively. The 
high values of Q of BRS 506 occurred in mid-may for all 
locations except Itapetining, where the higher Q were 
from March and April, period of EXC (Figure 4). But for 
BRS 700 the greatest Q occurred in 2TDP-May for 
Jaboticabal and in1TDP-Jun for all the other locations 
(Figure 5). 
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Figure 3. Simulation of the average duration of sorghum cycle in 10-days period of sowing 
dates, in different regions of State of São Paulo: a) Barretos; b) Jaboticabal; c) Tupã and d) 
Itapetininga. 
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Figure 4. Simulation of actual yield (kg ha-1) and relative yield loss (Q) (%) in relation to 10 
days intervals of sowing dates for hybrid BRS 601 in a) Barretos, b) Jaboticabal, c) Tupã and 
d) Itapetininga. 
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Figura 5. Simulation of actual yield (kg ha-1) and relative yield loss (Q) (%) in relation to 10 days intervals 
of sowing dates for hybrid BRS-700 in a) Barretos, b) Jaboticabal, c) Tupã and d) Itapetininga.  

 
 
 

Conclusion 
 
Our study indicates that in Barretos, Jaboticabal and 
Tupã there are favorable sowing dates for sweet 
sorghum, cultivars BRS 506, BRS 601 and BRS 700, in 
the sugarcane inter-harvest period that are between 
December and April. The best sowing dates were from 20 
of September up to 20 of January. In Itapetininga region 
the sweet sorghum does not show conditions for sowing 
dates in the sugarcane inter-harvest period because the 
favorable dates ranged from 20 of July up to 20 of 
November. 
 
 
ACKNOWLEDGEMENTS 
  
The authors are grateful to Instituto Federal de 
Educação, Ciência e Tecnologia do Sul de Minas Gerais 
– IFSULDEMINAS for scholarship granted and financial 
support. 
 
 
Conflict of Interest 
 
The authors have not declared any conflict of interest. 

REFERENCES 
 
Baier W (1979). Note on the Terminology of Crop-Weather Models. 

Agric. Forest Meteorol. 20:137-145. 
Barbieri V, Teruel DA, Silva JG (1997). Balanço hídrico de Thornthwaite 

& Mather modificado para estimativa de deficiência nas culturas. In: 
Congresso Brasileiro de Agrometeorologia, 10. Piracicaba. Anais. 
Piracicaba: SBA/ESALQ, 10:587-589. 

Belmont RM, Ramirez IM, Moctezuma EF (2002). Relationship between 
sorghum ergot, sowing dates, and climatic variables in Morelos, 
Mexico. Crop Protection. 21:899–905. 

Camargo AP (1962). Contribuição para determinação da 
evapotranspiração potencial no Estado de São Paulo. Bragantia, 
Campinas. 21:163-203.  

Craufurd PQ, Qi A (2001). Photothermal adaptation of sorghum 
(Sorghum bicolor) in Nigeria. Agricu. Forest Meteorol. 108(3):199-
211. 

Dallacort R, Freitas PSL, Faria RT, Gonçalves ACA, Rezende R, 
Bertonha A (2006). Utilização do modelo Cropgro-soybean na 
determinação de melhores épocas de semeadura da cultura da soja, 
na região de Palotina, Estado do Paraná. Acta Scientiarum, Maringá. 
28(4):583-589.   

Dallacort R, Freitas PSL, Gonçalves ACA, Faria RT, Rezende R, 
Bertonha A (2008). Níveis de probabilidade de rendimento de quatro 
cultivares de soja em cinco datas de semeadura. Acta Scientiarum, 
Maringá. 30(2):261-266. 

Doorenbos J, Kassam AH, Bentvelsen CLM, Branscheid V, Plusjé 
JMGA, Smith M, Uittenbogaard GO, Van Der Wal HK (1979). Yield 
response to water. (Irrigation and Drainage Paper, 33) Rome: FAO, 
p.193. 

Doorenbos J, Kassam AH (1994). Effect of water on crop yield. (FAO:  



 
 
 
 

Irrigation and Drainage, 33). Roma: FAO, p.212. 
EMBRAPA (2004). Centro Nacional de Milho e Sorgo. Sete Lagoas, 

Boletim agrometeorológico ano agrícola. 
Ferreira ML, Barbosa LCA, Demuner AJ, Silva AAS, Wakil J (1999). 
Análise e quantificação da sorgoleona em diferentes cultivares de 
sorgo (Sorghum bicolor L.). Acta Scientiarum, Maringá. 21(3):565-
570. 

Hoogenboom G (2000). Contibution of agrometeorology to the 
simulation os crop production and its applications. Agric. Forest 
Meteorol. 103:137-157. 

INMET - Normais Climatológicas do Brasil 1961-1900.  
http:www.inmet.gov.br/portal/index..php?r=clima/normaisClimatologic
as. Downloaded: 26-5-2014. 

Jones JW, Boote KJ, Jagtap SS, Wilkerson GG, Hoogenboom G, 
Mishoe JW (1987). SOYGRO v. 5.4-Technical documentation. Agric. 
Eng. Dep. Res. Rep., University of Florida, Gainesville, FL. 

Lasdon LS, Waren AD (1982). GRG2 user´s guide. Depto of general 
Business, Shchoool of Business Administration, University of Texas, 
Austin, TX. 

Magalhães PC, Durães FOM, Rodrigues JAS (2008). Cultivo do milho: 
Ecofisiologia. Embrapa Milho e Sorgo, sistemas de Produção. 
Versão eletrônica. 4ª Ed. 
http://sistemasdeproducao.cnptia.embrapa.br/FontesHTML/Milho/Cul
tivodoMilho_ 4ed/manejomilho.htm. Downloaded: 23/05/2014. 

Marin FR, Pandorfi H, Sentelhas PC, Camargo MBP, Hernandez FBT 
(2006). Perda de produtividade potencial da cultura do Sorgo no 
estado de São Paulo. Bragantia, Campinas. 65(1):157-162. 

Maton L, Bergez JE, Leenhardt D (2007). Modelling the days which are 
agronomically suitable for sowing maize. Eur. J. Agron. 27(1):123-
129. 

Narayanan S, Aiken RM, Prasad PVV, Xin Z, Yu J (2013). Water and 
Radiation Use Efficiencies in Sorghum. Agron. J. 105(3). 

Nan L, Best G, Carvalho Neto CC (1994). Integrated energy systems in 
China - The cold Northeastern region experience. Rome: FAO, p.475. 

Neto MAS, Araújo AE, Caramori PH, Gonçalves SL, Wrege MS, 
Lazzarotto C, Lamas FM, Sans LMA (2001). Zoneamento 
agroecológico e definição de época de semeadura do algodoeiro no 
Brasil. Revista Brasileira de Agrometeorologia. 9(3):422-428. 

Niu X, Easterling W, Hays CJ, Jacobs A, Mearns L (2008). Reliability 
and input-data induced uncertainty of the EPIC model to estimate 
climate change impact on sorghum yields in the U.S. Great Plains. 
Agric. Ecosyst. Environ.129:268–276. 

Parrella NNLD, Parrella RAC, Ribeiro AMP, Silva SR (2012). 
Comportamento de genótipos de sorgo sacarino após 
armazenamento. In: CONGRESSO NACIONAL DE MILHO E 
SORGO, 2012. Águas de Lindóia. 2012. 
http://www.abms.org.br/29cn_milho/13759.pdf. Downloaded: 
20/05/2014. 

Poudel S, Koji K (2013). Climatic impacts on crop yield and its variability 
in Nepal: do theyvry across seasons and altitudes?. Climatic Change. 
116:327–355. 

Sans LMA, Morais AVC, Guimarães DP (2003). Época de plantio de 
sorgo (Comunicado Técnico). MAPA. Sete Lagoas.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Aparecido et al.              2559 
 
 
 
Silva AG, Rocha VSR, Cruz CD, Sediyama T, Pinto GHF (2005). 

Adaptabilidade e estabilidade de cultivares de sorgo forrageiro 
semeados em diferentes épocas do ano. Revista Brasileira de Milho 
e Sorgo. 4(1)112-125. 

Silva AG, Rocha, VSR, Pina Filho OC, Pinto GHF, Teixeira IR (2006a). 
Evaluation of forage yield of forage sorghum cultivars under different 
thermo-photoperiod conditions. Revista Ceres 53(307):292-301.  

Silva JC, Heldwein AB, Martins FB, Maass GF (2006b). Simulação para 
determinação das épocas de semeadura com menor risco de 
estresse hídrico para o feijão na região central do Rio Grande do Sul. 
Irriga, Botucatu. 11(2)188-197.  

Silva NB, Oliveira A, Lorenzoni J (2009). Modelos de ajuda à decisão 
para a definição da época de semeadura e do padrão tecnológico da 
cultura do trigo. Ciência Rural. 39(4):1005-1011.  

Teetor VH, Duclos DV, Wittenberg ET, Young KM, Chawhuaymak J, 
Riley MR, Ray DT (2011). Effects of planting date on sugar and 
ethanol yield of sweet sorghum grown in Arizona. Industrial Crops 
and Products. 34: 1293–1300. 

Teixeira CG, Jardine JG, Nicolella G, Zaroni MH (1999). Influência da 
Época de corte sobre o teor de açúcares de colmos se sorgo 
sacarino. Pesquisa Agropecuária Brasileira, Brasília. 34(9):1601-
1606. 

Thornthwaite CW (1948). An approach towards a rational classification 
of climate. Geographical Review, London, 38:55-94.  

Thornthwaite CW, Mather RJ (1955). The water balance. Laboratory of 
Climatology, New Jersey. 

Wrege MS, Caramori PH, Gonçalves SL, Colasante LO, Fukoshima 
MT, Abud NS (2001). Determinação das melhores épocas de 
semeadura do arroz de sequeiro, no Estado do Paraná. Acta 
Scientiarum, Maringá. 23(5):1179-1183.   

Von Pinho RG, Vasconcelos RC, Borges ID, Resende AV (2007). 
Produtividade e qualidade da silagem de milho e sorgo em função da 
época de semeadura. Bragantia. 66(2):235-245.  

Yan K, Chen P, Shao H, Zhang L, Xu G (2011). Effects of Short-Term 
High Temperature on Photosynthesis and Photosystem II 
Performance in Sorghum. J. Agron. Crop Sci. 197:400-408. 



 
Vol. 9(33), pp. 2560-2573, 14 August, 2014 
DOI: 10.5897/AJAR2014.8837 
Article  Number: 392EFDD46599 
ISSN 1991-637X 
Copyright © 2014 
Author(s) retain the copyright of this article 
http://www.academicjournals.org/AJAR 

African Journal of Agricultural  
Research 

 
 
 
 
 

Full Length Research Paper 
 

Evolution and prospects of the rice mill industry  
in Uganda 

 
Kunihiro Tokida1, Yusuke Haneishi1, Tatsushi Tsuboi1, Godfrey Asea2 and Masao Kikuchi3* 

 

1JICA Uganda Office, P. O. Box 12162, Kampala, Uganda. 
2National Crops Resources Research Institute, P. O. Box 7084, Kampala, Uganda. 

3Chiba University, Kashiwanoha 6-2-1, Kashiwa, Chiba 277-0822, Japan. 
 

Received 9 May, 2014; Accepted 18 June, 2014 
 
For the development of rice production in sub-Saharan Africa, it is critical to improve the quality of 
domestic rice produced and sold in the market. Being at the entry point in the upstream of the 
postharvest marketing chains, rice mills hold the pivotal position in the improvement of rice quality. 
Based on data collected from rice mills all over Uganda, this paper presents the evolution of the rice mill 
industry in the last two decades. It looks into the present state of rice mill operation, examines the 
structure of the rice milling market, analyzes the cost and returns structure of rice mill operation, and 
discusses the future directions of the rice mill industry. The rice mill industry in Uganda has developed 
at a remarkable pace since the early 2000s. The high profitability of rice milling business and a low entry 
barrier facilitated small scale rice mills to have grown rapidly. Rapid increase of the number of rice mills 
still continues particularly in newly emerging rice growing areas but the growth begins to stagnate in 
traditional rice growing regions. The majority of rice mills are small-sized but some large-scale ones 
have been emerging. In traditional rice growing regions, the rate of milling fee is declining due to 
increasing competition and begins to reflect the difference in rice quality. Under the scale economy 
inherent in rice mill operation and growing quality consciousness in the rice milling market, milling 
machines would become larger and more sophisticated replacing the current competitive milling market 
with oligopolistic one. It is important to develop efficient small to medium scale milling system with 
emphasis on quality improvement features such as de-stoning and grading so that small scale rice mills 
can be competitive step by step countervailing against the scale economy of large scale rice mills.   
  
Key words: Break-even scale, milling fee, rice quality, rice value chain, scale economy. 
 

 
INTRODUCTION 
 
 Rice in sub-Saharan Africa (SSA) has recently been 
attracting profound attention of researchers, policy 
makers and international aid agencies as a crop of 
strategic   importance   for   food   security   and    poverty 

reduction (Nwanze et al., 2006; Somado et al., 2008; 
CARD, 2008; Campbell et al., 2009; Seck et al., 2010, 
2012; Africa Rice, 2011; EUCORD, 2012; Demont, 2013; 
Demont  et  al.,  2013).  Rice  cultivation  has  a  relatively  
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License 4.0 International License 

 

 



 
 
 
 
longer history in West Africa than in East Africa where it is 
not a traditional crop (Balasubramanian et al., 2007).  

In West and East Africa alike, however, the demand for 
rice has been increasing in the recent decades most 
rapidly among major food sources (Seck et al., 2013). 
Although rice production in SSA has been increasing, it 
does not match the increase in demand. As a result, 
nearly 40% of rice consumed in SSA is imported from 
outside the region. The skyrocketing price of imported 
rice during 2007 to 2008 which induced food riots in 
many countries in SSA, revealed how vulnerable food 
security was in the region (Moseley et al., 2010; Seck et 
al., 2012, 2013; Demont, 2013).   

All the studies cited above points to the need of 
increasing domestic rice production. Indeed, long before 
the food crisis of 2007 to 2008, it has been a standing 
policy target of SSA countries to increase domestic 
production so as to reduce the dependence on rice 
imports on account of enhancing food security, saving 
foreign exchange for economic development and 
improving rural livelihood (Jayne and Jones, 1997; 
Diagana et al., 1999; Moseley et al., 2010; Demont, 
2013). Among various reasons that have been put 
forward for SSA countries not being able to attain this 
policy target, the related literature is unanimous in 
pointing out the quality of rice produced domestically in 
the region. The quality of domestic rice in SSA is said to 
be inferior to the extent that it does not have any 
substitutability for imported rice.  

The poor quality of domestic rice is primarily due to the 
poor postharvest handling of rice especially at the milling 
stage that determines the quality (Lançon et al., 2004; 
Becker and Yoboué, 2009; Campbell et al., 2009; 
Moseley et al., 2010; Demont and Neven, 2013; 
Futakuchi et al., 2013; Stryker, 2013). Being at the entry 
point in the upstream of the postharvest marketing 
chains, rice mills hold the pivotal position in the 
improvement of the quality of rice in the market. There 
are many instances on farm that need improvements for 
higher rice quality (Futakuchi et al., 2013), but even if all 
of them are remedied, it is obvious that the rice quality 
problems persist as long as the quality of rice milling 
remains poor. Naturally, almost all the studies, reports 
and documents cited above claim that the present state 
of affairs at rice mills in SSA countries be changed so as 
to improve the quality of milling. Beyond that common 
understanding, however, the literature is largely silent as 
to the state and characteristics of the rice mill industry in 
SSA.1 

This paper tries to fill this gap by providing information 
as to the present situation of the rice mill industry in 
Uganda. As in other countries in East Africa, rice is not a 
traditional staple in Uganda but its consumption began to 
increase rapidly at around 1990,followed by its domestic  

 

                                                            
1 Rare exceptions are Furuya and Sakurai (2005), Sakurai et al. (2006) and 
Becker and Yoboué (2009).  
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production that has especially accelerated since the early 
2000s when the government launched and promoted 
New Rice for Africa (NERICA) as upland rice (Kikuchi et 
al., 2014). Although the rice production of the country 
increased at a remarkable rate of more than 10% per 
annum from 1990 to 2012, 30% of the consumption was 
satisfied by import in 2012 (Kikuchi et al., 2013). The 
prime target of the rice policy newly set by the 
government was to reduce rice import (MAAIF, 2009).    

Uganda also shares with other SSA countries the same 
structure of rice consumption market that is clearly 
dichotomized into two segments by quality; the higher 
and lower quality markets. In the case of Uganda, the 
lower segment is formed by public markets, handling the 
majority of rice consumed in the country of ordinary 
quality with a very limited number of ‘brands’ sold at 
reasonable prices friendly to the majority of consumers in 
the country. The other segment is formed by 
supermarkets with a minor quantity but high quality of 
rice, mostly imported one, sold under a large number of 
brands, the price of which is wide open towards a very 
high end (Kikuchi et.al., 2013). These two segments have 
begun overlapping each other at the margin. As the 
economy develops resulting in an increase in household 
income coupled with population growth, the rapid 
increase in the demand for rice will continue. For 
domestic rice production to meet demand, it is critical to 
improve its quality so as to be qualified for the upper 
segment. The need for improving the quality of domestic 
rice through upgrading the quality of milling is what 
stakeholders in the rice industry unanimously point out 
(Wilfred 2006, Emerging Market Group, 2008; PMA 
Secretariat, 2009; MAAIF, 2009; Oyee, 2009; Chemonics 
International, 2010; SMJR Consult, 2012). However, 
studies on the rice mill industry have been few in the 
country with an exception of Candia et al. (2008). In this 
respect, the situation in Uganda is representative of many 
SSA countries.2 Based on data collected from rice mills, 
this paper addresses the following objectives: i) to 
present the evolution of the rice mill industry in the last 
two decades, ii) to look into current state of rice mills and 
their operations, iii) to examine the structure of the rice 
milling market, iv) to analyze the cost and return structure 
of rice mill operation, and iv) to envisage future directions 
of the rice mill industry. In this paper, the term rice mill, 
rice miller and rice mill owner mean a management body 
operating a rice mill plant with one or more rice milling 
machines and are used interchangeably.   
 
 
METHOGOLOGY 
 
Rice mill surveys 
 

Data from a series of rice mill surveys were  used  in  this  study.  In 

                                                            
2 The rice market in Uganda may be different from that in other SSA countries 
in one respect, that is, nearly 50% of rice sold in the upper segment is domestic 
rice which is produced, processed and packed by a few large commercial 
companies (Kikuchi et al., 2013). 
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Table 1. Number of rice millers interviewed by region and by year of establishment and total number of rice millers in Uganda in 2007, 2009 and 2012 by region. 
 

Region 

Number of rice millers interviewed 
by year of establishment 1 

Total number of millers 2 Rate of change 3 

Total 4 1980s 1990s 
2000 
-2004 

2005 
-2009 

2010 
-2012 

2007 2009 2012 2012 /2007 2009/2007 2012/2009 

no. (%) no. no. no. no. no. no. no. no. ratio %/yr %/yr 

North 15 (14)  2 4 6 3 51 71 105 2.1 18 14 
East 32 (9) 1 8 6 6 11 261 327 359 1.4 12 3 
Central 15 (23)   9 5 1 43 58 64 1.5 16 4 
West 8 (7)  1 2 3 2 64 68 117 1.8 3 20 
Total/average 70 (11) 1 11 21 20 17 418 523 645 1.5 12 7 
 

1) From our rice mill surveys. 2) Estimated using data from rice mill surveys by Candia et al. (2008), Kijima et al. (2012) and ours.  For estimation details, see Kikuchi et al. (2013). 3) For 09/07 and 
12/09, compound growth rate per year. 4) Figures in parenthesis are the sampling ratio of rice millers interviewed. 
 

 
 
order to estimate the total number of rice millers in 2012, 
we conducted a phone survey to the District Agricultural 
Officers in major rice producing districts between April to 
August 2012. Combining data from rice mill surveys by 
Candia et al. (2008) and Kijima et al. (2012), we estimated 
the total number of rice mills in 2007, 2009 and 2012 by 
district, which was aggregated to four regions; North, East, 
Central and West.3   

To obtain data on rice mill operation, we interviewed rice 
millers in 25 districts in the four regions in two phases, 
March to June and July to September in 2012. Except for 
large-scale rice mills, our sample rice millers were drawn 
from the population in two stages; we first selected sample 
districts and then chose sample rice millers for interview. 
The selection of sample districts was purposive to 
represent major rice producing areas in the four regions. 
The sampling of the second stage was not random in the 
strict sense of statistics textbooks but sample millers were 
selected randomly in the sample districts whenever we 
came across rice mills and their owners or operators were 
available for interview. The number of sample rice millers is 
shown in Table 1 by region. The sampling ratio for the 
country as a whole was 11%. Although the 70 sample rice 
millers include 4 large scale rice mills, which were 
distinguished from small rice mills in terms of the type and 
capacity of rice milling machine used as well as the scale  

                                                            
3 For the estimation details, see Kikuchi et al. (2013). 

 
of operation, this study mostly concerns with small rice 
mills, which represent the overwhelming majority (99%) of 
rice mills in the country. 

Slightly different questionnaires were used in the two 
phases: basic information about mills, such as the year of 
establishment, the number, type and capacity of milling 
machines, workshop and storage, milling fee rate, variety, 
source and quantity of rice milled, and disposal of bran, 
was common in both phases; questions about the rice 
prices at mills and the destinations of milled rice after 
milling were specific to the first phase questionnaire; and 
data on the costs of mill operation, including maintenance 
costs, to the second phase.     

To attain the stated objectives, we first present the 
evolution and current state of operation of the rice mill 
industry, summarizing the data collected from the surveys 
in descriptive tables. Among important parameters that 
demonstrate the state of rice mill operation, the 
determinants of milling capacity and rice mill maintenance 
cost are examined by means of regression analysis. 
Second, we examine the state and structure of the rice 
milling market by looking into the level of rice milling fee 
among the regions.  

Third, we estimate the cost and return structure of rice 
mill operation by estimating the fixed and variable costs. 
Fourth, we analyze the break-even scale of rice mill 
operation by means of the revenue-cost ratio.   

The revenue-cost ratio of rice mill operation is computed 
by dividing its revenue by its costs. The revenue of rice mill  

 
operation is defined in this study as follows: 
 
R = () Q,                                                            (1)              
 
Where R = revenue of rice mil (Ush), Q = quantity of paddy 
rice milled (kg), = rate of milling fee (Ush/kg),  = milled 
rice recovery rate (%), = price of bran (Ush/kg),  = rate of 
bran produced per kg of paddy (%), and  = share of bran 
taken by rice mill (%).The cost function of rice mill 
operation is defined as follows: 

 
C = FC + VC(Q),                   (2)             
            
Where C = total cost of rice mill operation (Ush), Q = 
quantity of paddy rice milled (kg), FC = fixed cost (Ush), 
and VC(*) = variable cost (Ush). Fixed cost is defined as 
consisting of the capital depreciation of milling machine, 
the rent for workshop and storage space and manager’s 
salary, if any. The variable cost is defined as the 
summation of the electricity bill for machine operation, the 
cost of collecting paddy from villages, labor wages and 
maintenance costs, all of which are a function of the 
quantity of rice milled. Since the machine depreciation, the 
rate of electricity consumption and maintenance costs vary 
according to the type and the capacity of the machine 
(HP), the cost function is defined by type and capacity of 
milling machine. The revenue-cost ratio is computed as 
R/C.  
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Figure 1. Cumulative number of sample rice mills by year 
of establishment. 

 
 
 
RESULTS AND DISCUSSION 
 
Evolution of the rice mill industry  
 
The history of rice cultivation in Uganda can be traced as 
far back as to the latter half of the 19th century when it 
was grown for a handful of Arab and Swahili traders but 
its cultivation of a significant extent began in the early 
1970s. The  production  has  been  accelerated  in  the   
1990s through the 2000s alongside with rapid increases 
in rice import triggered by low prices in the world rice 
market. Among the regions in the country, the Eastern 
region has been the forerunner of the present rice boom 
followed by the Northern region. Rice cultivation in the 
Western region began in the early 2000s with the 
introduction of NERICA and within less than 10 years the 
region has become a major rice producing area. The 
Central region shares a similar pattern in rice production 
as the West, though at a lesser extent.  

The evolution of rice mill industry has mirrored the 
evolution of rice production (the top chart of Figure 1). 
The rice mill with the oldest history among the sample 
rice mills had been operating since  1983,  and  a  few  of 
them followed in the early 1990s. These rice mills of old 

establishment were all found in the East, indicating that 
the initial spurt of the rice mill industry had begun in the 
late 1990s in the same region, prior to the start of the 
promotion of upland rice in the early 2000s.  

In the North and the West, some rice mills established 
in the late 1990s. Rice mills established in the late-1990s 
in the West were first established as maize mills and 
started rice milling operation in the 2000s in addition to 
maize milling. The start of the NERICA promotion in the 
early 2000s accelerated the increase in the number of 
rice mills: as much as one-third of the rice mills operating 
at present were established in this period.   

The regional distribution and the rapid growth of the 
rice mill industry in recent years are confirmed for the 
total number of rice mills (Table 1). It is estimated that 
there were 645 rice mills in the country in 2012, of which 
more than 50% concentrated in the East. The total 
number of rice mills increased by 50% in 5 years from 
2007 to 2012.  

The rate of growth was particularly high in the North 
and West where upland cultivation with NERICA varieties 
had been vigorously promoted since the early 2000s.4 
                                                            
4 In Uganda, NERICA 4, the most popular upland rice variety at present, was officially released in 2002. 
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The ‘rice boom’ in cultivation has thus accompanied the 
‘rice mill boom’. It should be noted however, that the 
increase in the number of rice mills had decelerated in 
most recent years. The North and West, the  latter  in  
particular,  still  showed  very  high  rates  of increase for 
2009 to 2012 but the rate of change for the East and 
Central for this period was substantially lower than that 
for 2007 to 2009. 

Rice mills can be classified according to the type of rice 
milling machine they use. Rice milling machines adopted 
by rice millers in Uganda can be broadly grouped into 
three types: Engelberg (including improved types with 
forced air), mill-top (one-pass) and large scale machines 
with grader, de-stoner, etc., in the order of machine 
sophistication (Candia et al., 2008). The bottom chart of 
Figure 1 shows the number of mills by type of machine.5 
In early years, all rice mills used Engelberg.6 However, 
the number of rice mills with more sophisticated mill-top 
machines, first appeared in the late 1990s, has been 
increasing faster than the number of those with 
Engelberg. Among the sample rice millers, the first one 
who installed a large scale milling machine appeared in 
the mid-2000s and the number has increased to four 
since then. As will be explained later, there are some 
differences between Engelberg and mill-top machines in 
terms of the capacity and quality of rice milling and the 
acquisition prices but the differences in these respects 
are substantially larger between these two ‘conventional’ 
machines and the modern large scale machine.7 We call 
the rice mills with the ‘conventional’ machines small rice 
mill as against those with large scale machine, though 
there are some differences in the scale of operation 
among the small rice millers.8      

The rice milling business has attracted people from a 
wide spectrum of occupations. Many rice millers were 
initially in maize milling business: about 20% of the 
sample rice millers used to be maize millers until they 
started rice milling as the demand for it increased. The 
farm-related sectors were also major pools that produced 
rice millers: about 40% of rice millers were farmers and 
crop traders. This indicates that the sudden rise of the 
demand for rice milling has given a business chance to 
entrepreneurial farmers in rural areas. The rest of 40% of 
rice millers were from various business circles, some 
related to farming, such as seed production and farm-  

                                                            
5 There are some rice millers who use both Engelberg and mill-top machines. 
In Figure 1, they are counted as mill-top rice millers. 
6 Engelberg is the oldest type of rice milling machine used in Uganda where, as 
in many other SSA countries, there is no tradition of rice milling by hand 
pounding. Pingali (2007) reports that mechanical milling, hand or water 
operated milling machine for crops, not necessarily for rice, was introduced in 
Africa after the First World War and spread rapidly throughout the continent.  
7 In terms of the quantity of rice milled per rice miller, small rice millers with 
‘conventional’ machines mill on average about 350 t/year, whereas those with 
large scale machine mill 3,000 t/year to more than 10,000 t/year. 
8 In terms of the quantity milled in a year, the scale of operation of small rice 
millers ranges from the smallest of 24 t/year to the maximum of 3,150 t/year.  
The small rice miller that mills the maximum amount operates with three top-
capacity mill-top machines. 

 
 
 
 
product processing, but many totally outside the 
agriculture sector, such as banker, bus owner and car 
repair shop. Some professionals, such as government 
civil servants, teachers and medical doctors, also joined 
the rice mill industry. All this suggests that rice milling is a  
lucrative business.     

It also suggests that the rice mill industry is easy to 
enter, financially as well as technically. Since the 
‘conventional’ milling machines often become out-of-
order, the knowledge on mechanics helps the rice mill 
operation, but generally no special knowledge and skill 
are required. As far as the ‘conventional’ machines are 
concerned, the capital requirement for establishing a rice 
mill, just to install a rice mill machine (or machines) in a 
small workshop with small storage space, is affordable. 
These characteristics of the industry combined reduce 
the entry barrier to the rice mill industry. The relatively low 
requirement of initial investments is reflected on the fact 
that the majority of the sample rice millers could finance 
their initial investments for establishing their mills out of 
own savings.  It is worth noting that the process of rice 
mill evolution in Uganda has largely been a result of the 
autonomous efforts made by entrepreneurs in the private 
sector to cope with the suddenly surging demand for rice 
milling services nearly without any government 
interventions such as subsidies. 
 
 
Current status of rice mills 
 
Rice mill plant 
 
The list of capital goods that a rice miller has to provide to 
operate a rice mill is very simple: rice milling machine, 
mill workshop and storage space.  
 
 
Rice milling machines 
 
The most important capital equipment for rice millers is 
rice milling machine. Table 2 shows that the 70 sample 
rice millers own 98 rice milling machines; 1.4 machines 
/miller on average. It was found that China dominates as 
the country supplying rice milling machines to Uganda. 
For the power source of milling machines, 70% are 
electricity operated, and the rest were diesel operated or 
electricity operated with a stand-by diesel engine. Rice 
millers preferred electricity-operated machine to diesel-
operated one for lower maintenance and energy costs, 
but frequent power failures that stop the mill operation 
often make it necessary to use diesel-operated 
machines.  

Most of the milling machines used by rice millers were 
of horse power (HP) from 20HP to 30HP: 60% of the 
machines fell in this range of HP. The full range of HP for 
the two major types of machines operated by small rice 
millers was from15HP to 50HP. However, most of 
Engelberg  machines (Models   N70,   N120,   etc.)   were 
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Table 2. Number of milling machines by type, country made, power source, horse power and region, 20121. 
 

Region Engelberg Mill-top 
Large 
scale 

Total 

no. % 

Total  51 41 6 98 100 
1. Made in:       
China  34 37 5 76 78 
Uganda  5   5 5 
Japan 2  2 2  4 4 
India/England/Brazil  2  1 3 3 
2. Power source:       
Electricity  37 28 6 71 72 
Diesel  12 10  22 22 
Both   2  2 2 
3. HP 3       
15-16  (2.5) 1 6  7 7 
20-22 (3.2) 11 8  19 20 
24-25 (4.8) 14 4  18 19 
30 (5.4) 10 10  20 21 
40 (6.4) 5 4  9 9 
50 (9.7) 1 4  5 5 
200 and over (25.0)   1 1 1 
4. Regional distribution       
North  11 11 3 25 26 
East  36 5 3 44 45 
Central  4 11  15 15 
West   14  14 14 

 

1) Because of missing data, some totals for #1, #2 and #3 do not tally with the total machine numbers shown at the top 
raw. 2) According to respondents' answer, not necessarily the real origin of manufacturers. 3) Figures in parenthesis are 
the average milling capacity (100 kg /hour) in terms of milled rice. 

 
 
 
found in the HP classes of 20-30HP with the mode at 24-
25HP, while mill-top machines (Models SB 10, SB 50, 
etc.) distributed more evenly over the six HP classes with 
the mode at 30HP. The distribution of milling machines by 
type  has  clear  regional  patterns.  Engelberg  machines 
were found mostly in the East with history of longer rice 
cultivation, while mill-top machines were found mostly in 
newly emerging upland rice growing areas in the West, 
Central and North.   
 
 

Rice mill workshop and storage space 
 

Other capital facilities necessary for rice millers are 
workshop where rice milling machines are installed and 
storage space or warehouse where they store sacks of 
milled rice after milling. For small rice mills, on average, a 
rice mill operated in a workshop of 33m2 with additional 
storage capacity of 42m2, though they varied widely. The 
workshops of many small rice millers were not only small 
but shabby buildings or humble cottages. 
 
 

Rice mill operations 
 

With the milling  machines  and  plants  explained  above, 

rice millers operate their mills to produce milling services. 
This section presents the operations of small rice mills.  
 
 
Quantity of rice milled  
 
On average, the quantity of paddy rice milled by the 
sample small rice mills in the year 2011-12 was 350 t/mill 
(Table 3). The variation around this average was large as 
shown in Figure 2 which reveals a bi-modal distribution of 
rice mills, bifurcating the sample rice millers into two 
groups at the average scale of operation; about 60% of 
sample rice mills belonged to the small-scale operation 
group and 40% to the medium-scale operation group.  

The bi-modal pattern is more distinct for rice mills with 
Engelberg machines. For rice mills with mill-top 
machines, the concentration in the scale classes from 
below 50 t to 200 - 300 t was more than for Ebgelberg, 
but at the same time, there were more rice mills whose 
machines milled more than 600 t/year. Such a bi-modal 
pattern in the scale distribution of rice mills appears to 
suggest that there is the minimum scale of operation in 
rice milling which differs according to the capacity of 
milling machines and the type of machine used.  
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Table 3.  Quantity of paddy milled, acquisition of paddy and rice millers who also operate as rice traders, 2012. 
 

Variables North East Central West All 

1. Quantity milled (t /mill /year) 1 477 368 197 315 352 
2. Person who brought paddy to mills (%):      
Farmers 2 66 66 86 58 67 
Middlemen / traders 3 32 18 9 39 24 
Mill 4 3 17 5 3 9 
Total 100 100 100 100 100 
3. Domain paddy obtained (%):      
Within the district 5 75 69 69 94 76 
From other districts 6 25 31 31 6 24 
Total 100 100 100 100 100 
4. Average no. of districts where paddy was acquired 7 3 2 1 0 2 
5. % of rice millers who operate as rice traders 100 74 100 40 74 

 

1) For small rice millers. 2) Brought by farmers. 3) Brought by village collectors / middlemen and town traders. 4) Acquired from 
farmers by mills by going and / or sending agents to villages.  5) Acquired paddy for milling from within the district where the mill 

was situated. 6) Acquired paddy from other districts, including foreign countries (Kenya and DRC). 7) Not including the own district. 
 
 
 

 
 
Figure 2. Number of rice mills by quantity of paddy rice milled 
per mill per year and by type of machine, 2012. 

 
 
 

The quantity of rice milled being one of critical 
determinants of the profitability of rice milling operation, it 
is vitally important for rice millers to secure sufficient 
amounts of paddy rice to mill all year around, and rice 
mills make various efforts for this end. The second part of 
Table 3 shows how rice mills acquire rice for milling. 
About 70 and 20% of paddy rice for milling was brought 
to the mills by farmers and village collectors/ middlemen, 
respectively, and the rest of about 10% was  collected  by  

mills by going to rice growing villages to buy paddy rice 
from farmers or sending their agents to the villages for 
the acquisition. It is indicative that the direct acquisition of 
paddy from farmers was particularly important for rice 
millers  in  the  East,  where  the rice  mill   intensity   was  
highest. Judging from the average cost of collecting 
paddy rice from villages (Ush 4000/sack of 100 kg), rice 
mills tried to collect paddy rice from villages on average 
in the radius of around 70 km (Kikuchi et al. 2013). Rice 
millers’ efforts to collect as much rice for milling as 
possible brought them to villages not only within the 
same district but in other districts or even in neighboring 
countries (the third part of Table 3). For all, about three-
quarters of paddy rice milled was from within the district 
where the mill operated and the rest was brought from 
outside the district. It is suggested that the rice milling 
market was relatively more competitive in the East and 
the North, so that rice millers there tried to obtain rice by 
visiting villages in and outside the district they operate 
(the fourth part of Table 3). In contrast, in the West, more 
than 90% of rice milled by millers is brought to the mills 
from within the district. Together with the observation that 
the percentage of rice collected by millers’ own efforts 
was low in the West, the rice milling market in this region 
was relatively less competitive than the East. Being at the 
initial node along the post-harvest rice marketing chains, 
rice millers were generally operating as rice traders as 
well (the fifth part of Table 3). The West was an exception 
in this respect; the percentage of ‘pure’ rice millers who 
specialized only to rice milling service was as high as 
60%. 

Aside from going out to distant villages to acquire 
paddy rice, rice millers operating in the competitive rice 
milling market make various efforts to secure as much 
rice for milling as possible, for example, to pay farmers or 
middlemen the whole or a part of the cost for transporting 
paddy rice from villages to  the  mill,  and  to  lend  money  
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Table 4. Regression equations explaining milling capacity and maintenance expenditure. 
 

Regression # I II III IV 

Dependent variable Milling capacity 1 Ln (Maintenance expenditure) 2 

Explanatory variables Coeff. Prob.  Coeff. Prob.  Coeff. Prob.  Coeff. Prob.  
HP 0.156 0.000 *** 0.166 0.000 *** 0.012 0.680     
Engelberg dummy 3 -0.932 0.033 ** -0.928 0.026 ** -0.176 0.740     
Year established 4 -0.081 0.108           
Year acquired 5 -0.059 0.343     0.045 0.493     
Milled rice recovery rate (%) 0.040 0.229           
Made-in-China dummy 6 0.498 0.456           
Diesel dummy 7 -0.305 0.579     0.200 0.730     
Ln (Quantity milled; t/ year)       1.031 0.004 *** 0.945 0.002 *** 
Milling capacity  (100 kg /hour)       0.162 0.299  0.189 0.097 * 
Maintenance interval (days)       0.007 0.233  0.005 0.267  
Intercept 116.74 0.349  0.422 0.560  -91.09 0.488  -0.270 0.885  
R2 (adjusted) 0.420   0.423   0.243   0.364   
No. of observations 80   80   23   23   
 

1) For milling machines of 50 HP or less.  Unit: 100 kg of milled rice /hour. 2) For small rice mills. The logarithm of maintenance expenditure (Ush 000 /year). 3) 
Engelberg=1, mill-top=0. 4) The year the rice mill was established. 5) The year the milling machine acquired. 6) Made-in-China=1, others=0. 7) Diesel and 
diesel+electricity=1, electricity=0. 

 
 
 
to farmers, particularly in planting and weeding seasons 
when farmers need cash for hiring labor on condition that 
rice is brought to the mill when harvested (Sakurai et al., 
2006). 
 
 
Milling recovery and milling capacity 
 
 In addition to the quantity of paddy rice to mill, there are 
two technical parameters that affect the output and 
performance of rice milling business: milled-rice-recovery 
rate and milling capacity of rice milling machines. The 
milled-rice-recovery rate is defined as the ratio of the 
quantity of milled rice after milling to the quantity of paddy 
rice before milling.  

On average for sample rice mills, this rate was 65%, 
which tallies with the average over African countries 
reported in IRRI (2013). More than 70% of rice mills fell in 
the range of 60 to 70% and no statistically significant 
difference in the recovery rate was found among the 
regions. The milling capacity was an indicator to measure 
the efficiency of rice milling machines, defined as the 
quantity of rice that a milling machine can mill within a 
unit of time. This efficiency would depend on machine’s 
HP, power source, machine type, vintage of machine, etc. 
The number of milling machines by HP and by power 
source is shown in the third part of Table 2. For electricity-
operated machines, 30 HP was the most popular 
horsepower. The average milling capacity of machines is 
shown in parenthesis after the HP class. As expected, the 
milling capacity increases as the machine’s HP becomes 
larger.   

Further to examine the determinants of milling capacity, 

we conducted regression analyses for the milling 
machines of 50HP or less, by regressing machines’ 
milling capacity on several explanatory variables. The 
results are summarized in Table 4 as Regression #I and 
#II. In addition to machines’ HP, Engelberg dummy gives 
a coefficient statistically significant at the 5% level, 
indicating that, ceteris paribus, Engelberg machines are 
less efficient than mill-top machines. All other variables 
were not significant. When we estimate the costs and 
returns of rice milling operation later, the milling capacity 
estimated by Regression #II shall be used. 
 
 

Mill workers 
 
 For running rice mill operation, rice millers need 
workforce consisting of managers, machine operators, 
operator assistants and some others. An average rice mill 
employs one manager, 4 milling machine operators and 
assistants (2 workers in a team; work in 8 to12 hour shift 
in the busy seasons) and 4 other workers (drying 
/cleaning rice, carrying rice sacks, etc.). The mode of 
salary /wage payment for these employees depends on 
the job type; a time rate for manager, piece rate for other 
workers and time or piece rate for machine operators. 
The time rate payment is usually in monthly salary for 
managers and monthly or daily wage for operators. The 
piece rate wage is paid either in cash or in kind per sack 
of milled rice worked.   
 
 

Maintenance 
 
 All  rice  mills  practice  the  maintenance  of  rice  milling  
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Table 5. Milling fee (Ush /100 kg) by region and by type of machine, 2012 (1). 
 

Region 
All Engelberg Mill-top Large

Mean  Mean  Min Max Mean Min Max Mean Min Max
North 150a (14) 142a (6) 100 200 156a (8) 100 200     
East 120b (32) 10 b (24) 70 150 180a (5) 150 200 127 (3) 120 130 
Central 178c (15) 200c (3) 200 200 172a (12) 150 230     
West 14abc (8)     146a (8) 100 200     
All 141 (69) 122 (33)   163 (33)   127 (3)   
   a    b    ab    

 

1) The means followed by the same alphabet are not statistically different at the 5% level by Tukey test.  Figures in parenthesis are the number of 
observations. 
 
 
 
 machines, such as greasing and changing spare-parts 
(bearings, screen, rubber roll, etc.) at certain intervals.  
However, the variation in their maintenance practices was 
large. On average, rice millers with Engelberg machine 
practiced maintenance every 39 days (s.d.=50; N=13) 
with the expenditure of Ush 905,000 (s.d.=925,000) and 
those with mill-top machine every 62 days (s.d.=49; 
N=10) with Ush 607,000 (s.d.=563,000). Regression 
analyses, conducted to examine factors that affected the 
maintenance expenditure, revealed that it was a function 
of quantity of rice milled, in the double-log form 
(Regression #III and #IV in Table 4). The coefficient of the 
logarithm of quantity milled was positive and highly 
significant. Moreover, the coefficient was not statistically 
different from unity, indicating that the maintenance 
expenditures increase just proportionally to the increase 
in the quantity of rice milled.  Though at the 10% 
significance level, the milling capacity gave a positive, 
significant coefficient. The coefficient of Engelberg 
dummy was not significant. The coefficient of 
maintenance interval is positive, indicating the longer the 
interval the larger the maintenance expenditure, but not 
statistically significant at conventional significance levels. 
Since the retaining this variable in the regression 
improves the adjusted R2 substantially, Regression #IV is 
going to be used to predict the maintenance 
expenditure.9     
 
 
Milling fee 
  
Rice millers receive milling fee as a return to their milling 
service. Without exception, the fee is in a piece rate per 
kg of rice milled. Milling fee rates adopted by the sample 
rice millers are summarized in Table 5 by region and by 
type of machine. The average fee for the entire sample 
was Ush 141 /kg of milled rice. Since the average price of 
milled rice at  rice  mill  was  Ush  3000 /kg  for  the  most 

                                                            
9 Since maintenance expenditure and quantity milled or milling capacity could 
be both cause and affect each other, The estimation by the ordinary least 
squares (OLS) may suffer from the endogeneity problem. We use the OLS 
results assuming that the observational errors in our data outweigh the biases, if 
any, resulted from the endogeneity.   

popular rice variety of Supa,10 the milling cost accounted 
for 4.7%, which was lower than the rate of 6.7% reported 
by Futakuchi and Sakurai (2006) for a land-locked rice 
growing area in Ghana. Unlike rice price, which are fairly 
uniform for a certain variety group not only within each 
region but also across regions (Kikuchi et al., 2013), 
milling fee differs significantly within each region as well 
as among regions. Moreover, it differs among the types of 
milling machine.   

The within-region variations in the fee rate may be due 
to the location-bound nature of rice milling service that 
easily creates a locally isolated monopolistic market. 
More interesting are the across-region variations that 
could be resulted from the difference in the degree of 
competition in the rice milling market among regions. For 
all, milling fee was lowest in the East where more than 
50% of rice mills in the country were concentrated (Table 
1), highest in the Central where rice cultivation had begun 
most recently and in-between in the North and the West. 
Though the fee rate in the West was not statistically 
different from that in other regions. In the East, in 
particular, the fee adopted by rice mills with Engelberg 
machines was on average Ush 107 and there were rice 
millers who reduced it to a level as low as Ush 70. All this 
suggests that the rice milling market in the East was so 
competitive  that  many  rice  millers  were  compelled   to 
reduce their milling fee.  

It is also interesting to observe the variation in milling 
fee among different types of machine since it could be 
brought about by the difference in the quality of milling 
(Sakurai et al., 2006). Among the three types of milling 
machine, Engelberg is ranked the poorest in terms of 
milling quality. Although mill-top performs better than 
Engelberg (Sakurai et al., 2006), the degree of quality 
difference is far more significant between mill-top and 
large-scale machines (Candia et al., 2008). Table 5 
shows that for the average over all the regions, the 
milling fee for Engelberg was significantly lower than that 
for mill-top and this result was maintained even if the 
regions  were  controlled.  Such  a   result   could   be   an  

                                                            
10 For domestic rice in the rice market in Uganda, only two variety groups, or 
‘brands’, are distinguishable in terms of price, Supa and non-Supa (Kikuchi et 
al., 2013).   



 
 
 
 
indication that the difference in milling quality was 
reflected in milling fee in the rice milling market. The 
Eastern rice growing region offers an interesting case 
where the average milling fee for large-scale rice mills 
was significantly higher than for Engelberg (P=0.002) but 
significantly lower than for mill-top (P=0.005). This may 
suggest that the large-scale rice mills intentionally set 
their milling fee so as to be in-between, though the small 
number of observations for both mill-top and large-scale 
rice mills hinders us from being conclusive.    
 
 
By-product 
 
Another source of revenue for rice millers is rice bran that 
rice milling process generates at a rate about 15% of rice 
milled. The bran is sold as animal feeds or as a material 
for organic fertilizer. Buyers of bran are not only local pig 
and poultry farmers but also feed traders in various 
places including Kampala and Kenya. Since the price of 
rice bran at rice mill was, on average, around Ush 80/kg, 
its value took around 10% of the milling fee.  Who takes 
rice bran after milling differs among regions. For instance, 
in the West, no sample rice millers took rice bran, leaving 
its disposal to farmers. On average for the entire 
samples, the bran was taken by rice mills and farmers 
equally.   
 
 
Costs and returns of mill operation 
 
The estimation of the cost-return structure was made for 
rice millers who operate with one milling machine, 
assuming two typical cases with respect to machine, 
scale of operation and milling fee: (A) Engelberg 20HP 
(electricity-operated) with 200 t/year of paddy rice milled 
adopting the milling fee of Ush 120/kg and (B) Mill-top 
50HP (electricity-operated) with 600 t /year of paddy rice 
milled adopting the milling fee of Ush 160/kg. The basic 
data used in the estimation are summarized in Table 6 
with some details of cost estimation in the footnotes, and 
the results of estimation are presented in Table 7, which 
elicits   the  basic  cost-return  structure  of    rice    milling 
operation.   

For ‘small-scale’ operation, the largest cost item was 
electricity bill that accounts for 41% of the total cost, while 
for ‘medium-scale’ operation, labor costs took the largest 
share of as much as 40%, followed by electricity. For both 
cases, maintenance costs took only a small share, 2 and 
6%, respectively. The share of fixed costs was 20% for 
Engelberg and 22% for mill-top, the majority of which was 
accounted for by the rent for workshop and storage for 
both cases. The depreciation cost of the milling machine 
was also a small component of the total cost, 3% and 
5%, respectively, which demonstrates the low entry 
barrier of the milling industry.   

In the  revenue  side,  milling  fee  accounted  for  about  
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95% of the total revenue for both cases. Deducting the 
total cost from the total revenue, 28% of the revenue was 
left with the mill owner as surplus for the Engelberg case 
and 39% for the Mill-top case. The rate of returns to the 
initial investment on the milling machine was estimated 
164% /year for the Engelberg case and 256% for the Mill-
top case. On average, rice milling is a very lucrative 
business. Such high profitability should have been the 
main factor that brought about the ‘rice mill boom’ in 
recent years.   
 
 
Break-even scale of operation  
 
However, the profitability of rice mill operation is highly 
sensitive to the quantity of rice milled and the milling fee 
rate. For example, if the quantity milled in Case A in Table 
7 is reduced to 50 t, with other assumptions unchanged, 
mill owners’ surplus dives down to a negative figure. 
Likewise, if milling fee in Case B is reduced to Ush 100 
/kg, the rate of return drops down to 21%.  

In search of the break-even scale of rice mill operation 
in the rice milling market where the milling fee rate is 
subject to downward pressure because of increasing 
competition among rice mills, the revenue-cost ratio is 
computed for four milling machine cases and for different 
levels of milling fee, the results of which are depicted in 
Figure 3. The milling fee rates of Ush 100, Ush 150 and 
Ush 200 are popular rates found in various regions for 
both Engelberg and mill-top machines. The milling fee of 
Ush 70/kg is the minimum rate actually adopted by some 
rice millers in the East.   
For the most popular milling fee rate of Ush 100 as of 
2012, the break-even scale is 80 to 100 t/year for small 
HP machines and 300 to 400 t/year for large HP 
machines, regardless of the type of machine. Any scale 
more than these gives a positive surplus to mill owners.  
For the fee rate of Ush 150 and above, the break-even 
scale is reduced to 40 t/year or less and 150 t/year or 
less, respectively. These results are consistent with the 
bi-modal distribution of rice mill operation observed in 
Figure 2: the small- and medium-scale operation groups 
being demarcated by the average operation scale of 350 
t/year.   If  the  milling  fee  rate  is lowered to Ush  70 as 
observed in the East, the quantity of rice that rice millers 
have to mill to clear the break-even scale increases to 
550 t/year for Engelberg 20HP and 260 t/year for mill-top 
20HP, and far more than 1000 t/year for large HP 
machines for both types.  

These results suggest that if the competition in the rice 
milling market becomes so harsh that the fee rate is 
reduced to such a low level, single-machine small rice 
millers whose scale of operation is less than 200 to 300 
t/year might have to exit the rice milling industry giving 
their market shares to rice millers of relatively larger scale 
of operation.   

Another way for rice millers to deal  with  the  lower  fee 
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Table 6. Data for estimating costs and returns in rice mill operation1. 
 

Rice mill operation Engelberg (Case A) Mill-top (Case B)

Milling machine:   
Source of power Electricity Electricity 
HP (KW) 20 (15.0) 50 (37.5) 
Milling capacity (kg/hour) 2 282 874 
Milled-rice-recovery rate 3 0.65 0.65 
Machine's usable lifetime (year) 4 5 8 
Workshop & storage (m2) 5 50 70 
% of paddy rice collected by mills 6 10 10 
Rate of bran output (%) 3 15 15 
Mill's share of bran (%) 3 40 40 
No. of employees 7 :   
Manager  1 
Operator 2 2 
Other worker 2 4 
Prices:   
Price of milling machine (Ush million) 8 2.8 9.6 
Rice bran (Ush/kg) 3 80 80 
Electricity rate (Ush/KWh) 9 575 575 
Milling fee (Ush/kg of milled rice) 10 120 160 
Rate of paddy collection from villages (Ush/kg) 11 30 50 
Wage rate 12 :   
Manager  (Ush/month) 150,000 150,000 
Operator  (Ush/kg) 10 10 
Other worker (Ush/kg) 4 4 
Salvage value of milling machine (Ush/machine) 13 40,000 150,000 
Rent for workshop/storage (Ush/m2/month) 3 5,000 5,000 
Quantity milled (paddy rice: tons/year) 14 200 600 
Maintenance expenditure (Ush 1000/year) 15 335 3076 
Total hours of milling operation (hours/year) 16 536 519 
 

1) For small rice millers. 2) Estimated using the milling capacity function (Regression #II in Table 4). 3) Average of 
sample rice millers. 4) Typical usable life. The capital depreciation by the linear depreciation over the usable lifetime. 5) 
Estimated by type of machine. 6) From Table 3. 7) Assume typical case for each machine type. 8) Average 
acquisition price converted to 2012 prices by the GDP deflator. 9) Ush 487.6/KWh + tax (18%).  The rate of power 
charge is of 'intermediate', among the charges for peak, intermediate and off-peak. 10) From Table 5. 11) Average cost 
that millers collect paddy rice from villages, obtained from sample millers. 12) Typical wage rates adopted by sample 
rice millers. 13) Average scrap value = Ush 500/kg, obtained from sample rice millers. 14) Assumed from the first and 
second modes in Figure 2, respectively. 15) Estimated using the maintenance function (Regression #IV in Table 4). 16) 
Quantity milled (in milled rice) / milling capacity + time for idling, adjustment etc. (20% of then milling time). 

 
 
 
levels may be to increase the number of rice milling 
machines, as some rice millers are actually doing. An 
approximate break-even scale per machine for a double-
machine rice mill can be estimated by cutting the fixed 
costs per machine into half, which gives the break-even 
scale per machine that is about half of the single-machine 
mill; under the milling fee of Ush 70/kg, 270 t for 
Engelberg 20HP and 125 t for mill-top 20HP.  

This makes double-machine millers’ break-even scale 
per mill 540 t and 250 t, respectively; not much 
improvements from the single-machine mill as far as the 
break-even scale is concerned. For Engelberg machine, 
however, it could be possible for  double-machine  millers 

to improve the quality of rice milling by using one unit for 
removing husks and the second one for whitening. The 
serial use of the machines could also reduce heat 
damages and broken grains by lowering the pressure in 
the milling chamber. If this technical change in the rice 
milling process could improve the quality of milling to the 
level mil-top machines attain and if, as a result, the 
double-machine Engelberg millers could enjoy a milling 
fee level that is higher than the poor quality fee level by 
about 30%, as is the case in Table 5, their break-even 
scale would be close to the case of ‘Fee=100’ in Figure 3, 
which illustrates the importance of technical changes in 
milling process toward higher quality rice milling. 
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Table 7. Costs, revenues, owner's surplus and rate of return for average small rice millers, 2011-20121. 
 

Variables 

Case A 
Engelberg 20 HP 

Fee=120 

Case B 
Mill-top 50 HP 

Fee=160 

………  Ush million/year (%)  …… 

Cost 2:     
Electricity 4.77 (41) 11.55 (30) 
Paddy collection from villages 0.60 (5) 3.00 (8) 
Labor costs:     
Manager (FC)   1.80 (5) 
Operator 2.52 (22) 7.56 (20) 
Other worker 1.01 (9) 6.05 (16) 
Total 3.53 (31) 15.41 (40) 
Maintenance expenditure 0.25 (2) 2.17 (6) 
Rent for workshop and storage (FC) 1.80 (16) 5.40 (14) 
Capital depreciation 3 (FC) 0.55 (5) 1.18 (3) 
Total 11.50 (100) 38.71 (100) 
Revenue:     
Milling fee 15.12 (94) 60.48 (95) 
Rice bran 0.96 (6) 2.88 (5) 
Total 16.08 (100) 63.36 (100) 
Mill owner's surplus 4.58 (28) 24.65 (39) 
Rate of return (% /year) 4 164  256  

 

1) For small rice millers.  Data are from Table 6.2) Cost items with (FC) are fixed cost.3) Capital depreciation of 
milling machine, obtained after deducting the salvage value of the machine from the machine price.4) For the 
investment on milling machine. 

 
 

 
Conclusions: Future direction of the industry 
 
The rice mill industry in Uganda has developed at a 
remarkable pace since the early 2000s. The high 
profitability of rice milling business and a low entry barrier 
have attracted entrepreneurs from various social circles. 
In newly emerging rice growing regions, the industry is 
still developing rapidly, but in the East with relatively 
longer history of rice mill development, the industry is 
entering a mature stage. The emergence of rice milling 
fee lower than Ush 100/kg in the East, in contrast to 
higher fee levels of Ush 150/kg to Ush 200/kg prevailing 
in newly emerging rice growing regions, is an apparent 
sign of the degree of competition that the rice milling 
market is undergoing, and in this respect, the maturing 
stage is nothing but the stage of adjustments. 
Considering the rapid pace of the development, it is a 
matter of time that the intensified competition brings the 
rice milling market in the newly emerging rice growing 
regions into this stage.          

The scale economy inherent in  the  rice  mill  operation 
inevitably makes the changes that occur in this 
adjustment stage a shift of rice mills towards larger scale 
of operation.  The emergence of large scale rice mills in 
the East and the North is a genuine sign of the direction 
that the rice mill industry is heading. For small rice mills, 

the changes that would take place are shifts from ‘old 
fashioned’ Engelberg to mill-top machines, or even more 
modern machines, and from small HP to large HP 
machines or single machine to multi- machine operations.  
Although the quality of rice is not so important yet in the 
national rice market, price differentiation due to quality 
difference, cleanliness in particular, has been emerging.   

Accordingly, the milling fee rate has begun to be 
differentiated according to the quality of rice milling. The 
demand for rice of higher quality will increase steadily as 
the Ugandan economy grows, accelerating the need for 
the rice mill industry to be more and more quality 
conscious. Such market-led changes also work as a 
pressure for small rice mills with a small HP machine to 
exit the industry, strengthening the polarization of the 
industry into small rice mills with small scale of operation 
and ones with large scale of operation. Whereas the 
former satisfies the demand for milling services from 
customers who do not care much the quality of rice, the 
latter, including large scale rice mills, aims  at  the  higher  
segment of the rice consumer market. As all large scale 
rice mills are equipped with pre-cleaners, de-stoners, 
separators and graders, there is a trend among small rice 
mills to introduce these facilities. In order for the rice mill 
industry to be a socially sound and economically viable 
industry, it is highly desirable to develop these facilities as 
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Figure 3. Revenue-cost ratio of rice mill operation by type and HP of milling machine and by level of milling fee.  

 
 
 
technologies as divisible as possible, so that small rice 
mills can improve their rice milling quality step by step 
countervailing the scale economy of the large scale rice 
mills.      
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Sixteen field pea (Pisum sativum L.) genotypes were evaluated using Randomized Complete Block 
Design (RCBD) with four replications for evaluating genotype x environment interaction (GEI) and yield 
stability across 12 environments during 2004 to 2006 at south eastern Ethiopia. The objectives were to 
compare various statistical methods of analyzing yield stability and to determine the most suitable 
parametric procedure to evaluate and describe yield stability of field pea (Pisum sativum L.) genotypes 
performance under south eastern Ethiopian conditions. Several statistical analyses were conducted: 

coefficient of variation (CVi); mean ( X ); Shukla’s stability variance ( i
2 ); Wricke’s ecovalence (Wi); 

regression coefficient (bi); deviation from regression (Sdi
2); cultivar superiority measure (Pi); deviation 

from the linear response (λi) coefficient of determination (r2
i) and additive main effect and multiplicative 

interaction. IFPI-1523 and IFPI -2711 were the most stable genotypes according to 8 out 10 stability 
statistics used in the study. Spearman’s rank correlation coefficient between the stability parameters 
indicated that Shukla’s stability variance (σi

2), Wricke’s ecovalence (Wi), Eberhart and Russell’s deviation 
from regression (S2

di), and additive main effect and multiplicative interaction stability value (ASV) had a 
highly significant correspondence over the three years of study. No significant rank correlation between 
Lin and Binns’s superiority measure (Pi) and Finlay and Wilkinson’s procedure (bi) with the other 
procedures were found. Thus, these two procedures are not recommended for use on their own as a 
measurement of yield stability. Conclusively, it is suggested that the use of appropriate biometrics 
techniques is necessary for identifying the most adapted, responsive and stable genotypes in the final 
phases of the plant breeding program, where the high cost and the time spent in assays are powerful 
justifications to search for improved methods. 
 
Key words: Field pea, Pisum sativum L., Genotype x Environment interactions, yield stability. 
 

 

INTRODUCTION 
 
In the past, plant breeding programs mostly focused on 
developing high yielding cultivars. Recently, stable and 
sustainable yields under various environmental 

conditions have consistently gained importance over only 
increased yield. The development of cultivars, which are 
adapted to a wide range  of  diversified  environments,  is 

 

 



 
 
 
 
the ultimate aim of plant breeders in a crop improvement 
program (Muhammad et al., 2003). Genotype x 
Environment (GxE) interactions is an important issue for 
agriculturalists, who transfer a new variety from another 
environment. The adaptability of a variety over diverse 
environments is commonly evaluated by the degree of its 
interaction with different environments in which it is 
grown. A variety is considered to be more stable if it has 
a high mean yield but a low degree of fluctuation in 
yielding ability when planted over diverse environments 

(Purchase, 1997). 
The basic cause for differences between genotypes in 

their yield stability is a wide occurrence of GxE 
interaction. The ranking of the variety depends on the 
particular environmental conditions in which it is grown. 
The environment is usually indicated as all non-genetic 
factors that influence expression of characteristics. It 
should include water, nutrition, temperature, and 
diseases that influence the growth of plants and therefore 
influence the expression of characteristics (Basford and 
Cooper, 1998). GxE interactions are important facts in 
cultivar evaluations. GxE interaction is considered 
quantitative effect (Romagosa and Fox, 1993; Baker, 
1988), which is composed of genotype (G) x location (L), 
genotype (G) x year (Y), and genotype (G) x location (L) 
x year (Y) constituents.  

The concept of stability has been defined in several 
ways and several biometrical methods including 
univariate and multivariate ones, have been developed to 
assess stability (Lin and Binns, 1988). The joint 
regression analysis of either phenotypic values or 
interactions on environment indices was discussed by 

Finlay and Wilkinson (1963) and Eberhart and Russell 
(1966). Part of the genotype stability is expressed in 
terms of three empirical parameters: the mean 
performance, the slope of regression line (bi), and the 
sum of squares deviation from regression (S2

di) (Crossa, 
1990). A two-stability parameter method similar to that of 
Eberhart and Russell (1966) was also proposed by Tai 

(1971). In this method, the linear response (
i ) can be 

regarded as special form of the regression parameters 
(bi) and (S2

di), when the environmental index is assumed 
to be random (Lin et al., 1986). Wricke (1962) suggested 
using genotype environment interactions (GEI) for each 
genotype as a stability measure, which he termed as 
ecovalance (Wi

2). Shukla (1972) developed an unbiased 

estimate using stability variance ( i
2 ) of genotypes and 

a method to test the significance of σ2
i for determining 

stability of a genotype. Francis and Kannenberg (1978) 
used the environmental variance (Si

2), the coefficient of 
variation (CVi), Lin and Binns’s (1988) cultivar superiority  
measure  (Pi)  and  Pinthus  (1973)  used  coefficients   of 
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determination (Ri2) of each genotype as stability  
parameter. However, recent development comprises a 
multiplicative interaction model, which was first 
introduced in social science (Crossa, 1990), that was 
later adapted to the agricultural context as additive main 
effect and multiplicative interaction (AMMI) (Piepho, 
1996). This model was considered appropriate if one is 
interested in predicting genotypic yields in specific 
environments (Annicchiarico, 1997). It combines the 
analysis for the genotype and environment main effect 
with several graphically represented interactions for 
principal component analysis (IPCAs) (Crossa, 1990). 
Thus, it helps in summarizing the pattern and relationship 
of genotypes, environment and their interaction (Gauch 
and Zobel, 1996). 

Field pea (Pisum sativum L.) is one of the major pulses 
grown in the highlands (1800-3000 m a.s.l.) of Ethiopia, 
where the need for chilling temperature is satisfied. This 
crop is very much important in the south eastern Ethiopia; 
since it fetches cash for the farming community and also 
serves as rotational crop which plays great role in 
controlling disease epidemics in areas where cereal 
monocropping is abundant. It also plays a significant role 
in soil fertility restoration as a suitable rotation crop that 
fixes atmospheric nitrogen. Generally, it is a crop of 
manifold merits in the economic lives of the farming 
communities of highlands of Ethiopia. However, to date, 
little information is available on this crop and its 
adaptation pattern, especially under southeastern 
Ethiopian conditions. The present study were carried out 
(1) To compare various statistical methods of analyzing 
yield stability and to determine the most suitable 
procedure to evaluate and describe yield stability of field 
pea (P. sativum L.) genotypes performance under South 
eastern Ethiopian conditions (2) to measure the 
genotype-environment interaction in field pea genotypes, 
giving emphasis to grain yield and (3) To estimate rank 
correlations between stability statistics. 
 
 
MATERIALS AND METHODS 
 
Twelve field pea genotypes obtained from International Center for 
Agricultural Research in the Dry Areas (ICARDA), Holeta 
Agricultural Research Center (HARC) and Sinana Agricultural 
Research Center (SARC) were evaluated together with three 
commercial varieties (Wayitu, Dadimos, Tullushanan and local 
cultivar) (Table 1), for three consecutive years (2004 -2006) under 
four field pea (P. sativum L.) production areas, viz. Sinana, Selka, 
Sinja and Agarfa making 12 environments in the south eastern 
Ethiopia. Sinana is found at an altitude of 2400 m .a.s.l. The range 
of mean annual rainfall for the last 13 years (1990-2002) was 563 to 
1018 mm with minimum and maximum temperature of 7.9 and 
24.3°C, respectively. The soil type is dark-brown with slightly acidic 
reaction (SARC, 1998). The other  experimental  sites  were  Selka,  
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Table 1. List of studied entries, and Origin / Source of entries. 
 

Genotype/ Variety name Origin/Source 

IFPI-1523 ICARDA* 
IFPI -3933 “ 
I-163 “ 
IFPI -2711 “ 
IFPI -6064 “ 
NDP-77 “ 
Syrin Local Aleppo “ 
IFPI-3803 “ 
IFPI-4132 “ 
Helina HARC 
EH 96009-1-1 HARC 
88PO22-6 ICARDA 
Weyitu SARC 
Dadimos SARC 
Tullushenen SARC 
Local cultivar Local Landraces 

 

*ICARDA=International Center for Agricultural Research in the Dry Areas, HARC= Holeta Agricultural 
Research Center and SARC=Sinana Agricultural Research Center. 

 
 
 

Sinja and Agarfa with an altitude of 2400-2440 m.a.s.l., 
respectively. These locations represent the Highlands of Bale,south 
eastern Ethiopia.  

The experiment was laid down in a complete randomized block 
design with four replications. Based on seed size of genotypes 
(small to medium seed size) the seeding rate was 75 to100 kg ha-1 
and fertilizer rate was 18/46 N/P2O5 Kg ha-1. Each genotype was 
sown in 3.2 m2 plot size with 4 rows of 4 m length and 20 cm inter-
row spacing. Harvesting was done by hand. Grain yield was 
obtained by converting plot grain yields to a hectare basis (kg ha-1).  
 
 
Statistical analysis 
 
Combined analysis of variance was performed across test 
environments of location and years. Stability analysis was 
performed using Mstat-c (Michigan state University, 1991) and IRRI 
stat computer program (IRRI Stat, 2003). AMMI’s stability value 
(ASV) was calculated as suggested by Purchase (1997). The 
stability parameters were performed in accordance with Eberthart 
and Russell’s (1996) (the slope value (bi) and deviation from 
regression (S2

di), Wricke’s (1962) ecovalance (Wi
2), Shukla’s (1972) 

stability variance (σ2i), (Tai, 1971) deviation from linear response 
(λi), Lin and Binns’s (1988) cultivar superiority measure (Pi) and 
Pinthus (1973) coefficients of determination (Ri2), Francis and 
Kannenberg’s (1978) coefficient of variability (CVi) and 
environmental stability variance (S2

i) were calculated for each 
genotypes using spread sheet programs. Spearman’s coefficient of 
rank correlation was computed for each pair of the possible pair-
wise comparison of the stability parameters by Minitab computer 
software (Minitab, 1996) and the significance of the rank correlation 
coefficient was tested according to Steel and Torrie (1980).  
 
 
Some of statistical models and methods to estimate yield 
stability 
 
Environmental variance (Si

2) 
 
Environmental variance (Si

2) is one of the major  stability  measures 

for static stability concept, Type-1 stability (Lins et al., 1986) that is, 
the variance of genotype yields recorded across test or selection 
environments (that is, individual trials). For the genotype i. greatest 
stability is Si

2=0 
 
Si

2
=  )1/()( 2 emR iij

 

 

Where: Si
2= Environmental variance, Rij= Observed genotype yield 

response in the environment j, mi= genotype mean yield across 
environments; e = number of environments.  

A drawback with this method is that, in general, genotypes with 
high phenotypic stability measure through the environmental 
variance show low yield. In consequences, plant breeders do not 
use this method to evaluate the phenotypic stability of the genotype 
yields, or other related random variables. However, it is useful to 
evaluate the phenotypic stability of traits that should maintain their 
levels. Among these are qualitative traits such as resistance to 
disease or tolerance to environmental stresses.  
 
 
Regression coefficient (bi) and deviation mean square (S2

di) 
 
Joint regression analysis (bi) 
 
According to Finlay and Wilkinson (1963), regression coefficients 
approximating to 1.0 indicate average stability, but must always be 
associated and interpreted with the genotype mean yield to 
determine adaptability. When the regression coefficients are 
approximating to 1.0 and are associated with high yield mean, 
genotypes are adapted to all environments.  
 
bi= ∑ yi j  I j / ∑ I j

2 

 
Where: bi= the regression coefficient, Yi j= the performance of the ith 

genotype in the jth environment, I j= the environmental index which 
is the mean of all the genotypes at the jth environments. 

When associated with low mean yields, genotypes are poorly 
adapted to all environments. Regression coefficients above 1.0 
indicate  genotypes  with  increasing   sensitivity   to   environmental 



 
 
 
 
change, showing below average stability and great specific 
adaptability to high yielding environments. Regression coefficients 
decreasing below 1.0 provide a measure of greater resistance to 
environmental change, having above average stability but showing 
more specific adapted to low yielding environments. 
 
 
Deviation mean square (S2

di) 
 
Joint linear regression (JLR) is a model used for analyzing and 
interpreting the non-additive structure (interaction) of two-way 
classification data. The GEI is partitioned into a component due to 
linear regression (bi) of the ith genotype on the environment mean, 
and a deviation. 
 

 
 
This model uses the marginal means of the environments as 
independent variables in the regression analysis and restricts the 
interaction to a multiplicative form. Eberhart and Russell (1966) 
proposed pooling the sum of squares for environments and GEI 
and subdividing it into a linear effect between environments (with 1 
df), a linear effect for genotype x environment (with E-2 df). In effect 
the residual mean squares from the regression model across 
environments is used as an index of stability, and a stable genotype 
is one in which the deviation from regression mean squares (S 2

di) is 
small. 
 
 
Coefficient of determination (R2i) 
 
Pinthus (1973) proposed to use the coefficient of determination 
(R2i) instead of deviation mean squares to estimate stability of 
genotypes, because R2i is strongly related to (S2

di) deviation mean 
square (Becker, 1981). 
 

Coefficient of determination (R2i) = 
xiS

diS
2

2

1  

 
The application of R2i and bi has the advantage that both statistics 
are dependent of units of measurement. 
 
 
AMMI model and ammi stability value (ASV) 
 
The AMMI model does not make provision for a quantitative stability 
measure, such a measure is essential in order to quantify and rank 
genotypes according their yield stability, The principal component 
analysis (PCA) scores of a genotype in the AMMI analysis are an 
indicator of the stability of a genotype over environments. The 
greater the PCA scores, either negative or positive, the more 
specifically adapted a genotype is to certain environments. The 
more the PCA scores approximate zero (0), the more stable the 
genotype is over all environments sampled (Schoeman, 2003).  The 
following measure was proposed by Purchase   (1997): 
 

 
 
Where:  SS IPCA 1/ SS IPCA 2= is the weight given to the PCA 1 
by value dividing the  PCA 1 sum of square by the PCA 2 sum of 
square.   
Wricke’s (1962) ecovalence (Wi

2): evaluates stability on the basis 
of   the  contribution  of  each  genotype  to  the  total GEI  sum  of  
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squares. For this reason, genotypes with a low Wi value have 
smaller deviations from the mean across environments and are thus 
more stable. According to Becker and Leon (1988) ecovalence 
measures the contribution of a genotype to the GEI; a genotype 
with zero ecovalence is regarded as stable and is given by the 
following formula: 
 





j

ijij XXXXWi 2
....

2 ).(  

 

Where: Xij= Mean of genotype i in environment j,


jX . = Mean yield 

of genotype across environments, 


iX =environment mean,


...X = 

Overall mean. 
Shukla (1972): defined the stability variance of genotype i as its 
variance across environments after the main effects of 
environmental means have been removed. Since the genotype 
main effect is constant, the stability variance is thus based on the 
residual (GEij + eij) matrix in a two-way classification. The stability 

statistic is termed stability variance ( 2
i) and is estimated as 

follows: 
 

)2/()]1)(1/[(2  pQMGEWipqpi  

 
Where: QMGE= is the genotype x environment interaction mean 
square, p=number of genotypes, q= number of environments 

A genotype is called stable if its stability variance ( 2
i) is equal to 

the environmental variance ( 2
i) which means that  2i =0. A 

relatively large value of ( 2
i) will thus indicate greater instability of 

genotype i. As the stability variance is the difference between two 
sums of squares, it can be negative, but negative estimates of 
variances are not uncommon in variance component problems. 

Negative estimates of  2
i may be taken as equal to zero as usual 

(Shukla, 1972). Homogeneity of estimates can be tested using 
Shukla’s (1972) approximate test (Lin et al., 1986). The stability 
variance is a linear combination of the ecovalence, and therefore 

both Wi and  2
i are equivalent for ranking purposes (Wricke and 

Weber, 1980). 
 
 
Cultivar superiority measure (Pi) 
 
Lin and Binns (1988) suggested the use of the cultivar performance 
measure (Pi) and stated Pi of genotype i as the mean squares of 
distance between genotype i and the genotype with the maximum 
response. This method is similar to the one used by Plaisted and 
Peterson (1959), except that, (a) the stability statistics are based on 
both the average genotypic effects and GEI effects and (b) each 
genotype is compared only with the one maximum response at 
each environment (Crossa, 1990). The genotypes with the lowest 
(Pi) values are considered the most stable. The stability statistic is 
measured as follows: 
 
Pi = [n (Yi - M..) 2 + (Yij -Yi. + Mj +M..)]2/2n 
 
Tai (λi) (1971): partitioned the GE (geij) interaction term into the 
components: linear response to environmental effects and deviation 
from linear response (λi). Measures the deviation from the linear 
response in terms of the magnitude of error variance and is given 
by: 
 
λi = MSDi / (m – 1) × (MSE/mr) 

S2
di=   ])..()1((

2

1 222
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AMMI Stability Value (ASV) =
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Where: MSDi – mean square deviation from regression, m – 
Number of genotypes, MSE – mean square error, r – Number of 
replications. 

Francis and Kannenberg (1978) presented a simple, descriptive 
method for grouping genotypes on the bases of their yields and 
consistency of performance (measured by the coefficient of 
variation). Thus the two statistics necessary in this model are the 
genotype mean and the coefficient of variation (CV). Linear 
correlations were then calculated between various stability 
parameters to investigate their relationships. 
 
 
RESULT AND DISCUSSION 
 
Analysis of variance (ANOVA) 
 
The result of combined analysis of variance for grain yield 
of 16 field pea genotypes tested across 12 environments 
showed that 79.68% of the total sum of squares was 
attributed to environmental effects, whereas genotypic 
and GEI effects explained 4.53 and 5.70%, respectively. 
The large environmental sum of squares indicated that 
environments were diverse, with large differences among 
environmental means causing most of the variation in 
grain yield. The magnitude of the GEI sum of squares 
was 1.26 times larger than of genotypes, indicating that 
there were differences in genotypic response across 
environments (Table 3). This variability was mainly due to 
the distribution of rainfall, which differed greatly across 
locations and seasons during the experimental years. 
 
 
Comparison of yield stability parameters 
 
The AMMI analysis of variance for grain yield (ton ha-1) of 
16 field pea genotypes tested in 12 environments showed 
that 88.62% of the total sum of squares was attributable 
to environment effects, while only 5.04 and 6.34% of the 
sum of square were contributed to genotypic effect and to 
GEI respectively (Table 3). A large sum of squares of 
environments indicates that the environments were 
diverse, with large differences among environmental 
means causing most of the variation in grain yield. The 
IPCA scores of a genotype in the AMMI analysis were 
reported by Gauch and Zobel (1996) and Purchase 
(1997) as indication of the stability of genotypes are 
across their testing environments. Therefore, the post-
dictive evaluation using an F-test at P<0.01 suggested 
that two principal component axes of the interaction were 
significant for the model with 48 degrees of freedom. 
However, the prediction assessment indicated that AMMI 
with only two interaction principal component axes was 
the best predictive model (Zobel et al., 1988). Further 
interaction principal component axes captured mostly 
noise and therefore did not help to predict validation 
observations. Thus, the interaction of the 16 field pea 
genotypes with twelve environments was best predicted 
by the first two principal components of genotypes and 
environments. The most accurate model for AMMI can be  

 
 
 
 
predicted by using the first two PCAs (Mulusew et al., 
2008; Yan and Rajcan 2002). Conversely, Sivapalan et 
al. (2000) recommended a predictive AMMI model with 
the first four PCAs. These results indicate that the 
number of the terms to be included in an AMMI model 
cannot be specified a priori without first trying AMMI 
predictive assessment. In general, factors like type of 
crop, diversity of the genotypes, and range of 
environmental conditions will affect the degree of 
complexity of the best predictive model (Crossa, 1990). 

Wricke’s ecovalence analysis (Wi) defined the concept 
of ecovalence, to describe the stability of a genotype, as 
the contribution of each genotype to the genotype x 
environment interaction sum of squares. Genotypes with 
low ecovalence have smaller fluctuations across 
environments and therefore are stable. Accordingly, the 
most stable hybrids according to the ecovalence method 
of Wricke were IFPI-3803, I-163, and IFPI -2711. These 
hybrids were not the best ranked for mean yield, being 
10th, 9th and 8th respectively. The most unstable 
genotypes according to the ecovalence method were IFPI 
-3933, IFPI-4132, and Helina these genotypes were 
ranked 16th ,15th and 1st   for mean yield respectively 
(Table 4). 

Lin and Binns’s (1988) cultivar superiority measure (Pi) 
procedure showed the greatest deviation from all the 
other procedures, having negative rank correlation 
coefficients compared to the other procedures. It was 
significantly correlated CV. Lin and Binns define stability 
as the deviation of a specific genotype’s performance 
from the performance of the best cultivar in a trial. This 
implies that a stable cultivar is one that performs in 
tandem with the environment. This procedure appears to 
be considerably more of a genotype performance 
measure, rather than a stability measure over sites. The 
genotype mean yield could then rather be used to identify 
a superior yield performing cultivar. Genotype Dadimos, 
ranked second on mean yield, was ranked 14th for this 
procedure as the most unstable cultivar; which is above 
average stable genotype according to the other 
procedures, Dadimos and local cultivar were unstable 
according to Lin and Binn’s procedure. 

The coefficient of determination (R2i), which is the 
predictability of response estimates response (R2i = 1), 
ranged from 0.88 to 0.97, in which a variation of mean 
grain yield was explained by genotype response across 
environments. None of values of coefficient of 
determinations was significantly different from 1.0. In 
regard to this parameter, all of genotypes could be 
considered stable for grain yield (Table 4). 

The average grain yield and their ranks for 16 field pea 
genotypes tested across four locations over the three years 
are presented in Table 2. The highest yield 6.22 t/ha were 
obtained from genotype IFPI-1523 at Sinana, while the 
lowest was 1.27 t/ha from variety ‘weyitu’ at Selka with a 
coefficient of variation of 15.88%. The mean yield across 
locations over 3 years (Table 2) showed substantial 
changes in  ranks  among  the  genotypes,  reflecting  the 
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Table 2.  Mean grain yield (t/ha) and rank (R) of 16 field pea genotypes tested for 3 years per location in Southeastern Ethiopia 
2004 -2006. 
 

Entries name Sinana R Selka R Sinja R Agarfa R 

IFPI-1523 6.22 1 2.17 1 5.37 1 3.85 3 
IFPI -3933 5.57 2 1.82 4 4.13 3 3.87 2 
I-163 5.32 5 1.77 5 3.98 5 3.97 1 
IFPI -2711 5.49 4 2.02 2 3.72 10 3.82 4 
IFPI -6064 4.80 12 1.82 3 4.27 2 3.65 7 
NDP-77 5.56 3 1.65 8 3.83 8 3.47 9 
Syrin Local Alepo 5.32 6 1.67 6 3.87 7 3.63 8 
IFPI-3803 4.95 9 1.52 11 4.02 4 3.80 5 
IFPI-4132 4.93 10 1.42 12 3.97 6 3.73 6 
Helina 5.12 8 1.66 7 3.66 12 3.32 11 
EH 96009-1-1 5.15 7 1.56 10 3.65 13 2.85 15 
88PO22-6 4.76 13 1.38 13 3.54 14 3.39 10 
Weyitu 4.89 11 1.27 16 3.72 11 3.19 13 
Dadimos 4.72 14 1.38 14 3.81 9 2.98 14 
Tullushenen 4.28 16 1.59 9 3.10 15 3.34 12 
Local  4.55 15 1.31 15 2.90 16 2.79 16 

 
 
 

Table 3. Combined analysis of variance and Additive Main effect and Multiplicative Interaction (AMMI) analysis of variance for  grain 
yield (t/ha) of field pea genotypes grown in South eastern Ethiopia during 2004-2006. 
 

Source of variation df SS MS F-value Explained (%) 

Year 2 16.17 8.08 25.98** 0.80 
 Location 3 1189.47 396.49 1274.47** 59.00 
 Year x Location 6 400.78 66.79 214.72** 19.88 
 Rep (Location x Year) 36 35.46 0.98 3.17** 1.76 
 Genotypes 15 91.27 6.08 19.56** 4.53 
 Year x Genotype 30 40.66 1.35 4.36** 2.02 
 Location x Genotype 45 37.50 0.83 2.68** 1.86 
Year x Location x Genot. 90 36.79 0.41 1.31ns 1.82 
Error 540 167.99 0.31   
Total  2016.12    
Genotype 15 22.818 1.521  5.04 
Environments 11 401.606 36.509  88.62 
Genotype x Environment 165 28.739 0.174  6.34 
AMMI Component 1 25 9.765 0.390 2.882** 33.98 
AMMI Component 2 23 6.340 0.275 2.553** 22.06 
AMMI Component 3 21 3.554 0.169 1.790ns 12.37 
AMMI Component 4 19 3.008 0.158 2.009ns 10.47 
GxE Residues 77 6.068    
Total 191 453.164    

 

CV (%) = 15.88; *, **, ns =significant, highly significant and non-significant at the level of P<0.01 and 0.05 respectively. 
 
 
 
presence of high GXE interactions. 

Similarly, the majority of the tested genotypes (Table 4) 
were non-significantly different from a unit regression 
coefficient (bi=1) and had small deviation from regression 
(S2

di), and thus possessed average stability. Finlay and 

Wilkinson (1963) and Eberhart and Russell (1966) stated 
that genotypes with high mean yield, regression 
coefficient equal to unity (bi=1) and deviation from 
regression as small as possible (S2

di=0) are considered 
stable. Tai (1971) partitioned the GE (geij) interaction  
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Table 4. Summary of overall mean yield (t/ha), joint regression, Additive Main effects and Multiplicative Interaction (AMMI), other stability parameters and their rank (R) orders for 16 field pea 
genotypes tested in 12 environments in the South eastern Ethiopia, 2004- 2006. 
  

Yield AMMI model Joint regression Other stability parameters 

G.C Xa R IPCA1 IPCA2 ASVc R bib R S2dic R CVic R Wic R R2ic R Pic R σi2c R Si2c R λ ib R F 
1 3.76 3 0.17 -0.22 0.35 5 0.981 6 0.11 5 34.45 1 1.12 5 0.95 12 3.29 5 24.17 5 2.30 7 1.51 5 8 
2 2.89 16 0.71 -0.14 0.90 13 0.874 11 0.21 12 36.11 2 2.48 14 0.89 4 3.03 1 53.84 14 1.93 2 2.88 11 5 
3 3.51 9 0.25 -0.02 0.31 4 1.036 4 0.08 1 42.29 8 0.86 2 0.97 16 3.03 2 18.50 2 2.53 11 1.10 3 7 
4 3.57 8 0.04 -0.17 0.22 2 0.987 5 0.09 4 40.43 4 0.92 3 0.96 14 3.22 4 19.81 3 2.31 8 1.23 4 8 
5 3.27 12 0.68 0.04 0.85 12 0.946 9 0.21 11 41.16 6 2.19 11 0.91 5 3.07 3 47.52 11 2.24 5 2.88 12 6 
6 3.62 6 -0.73 -0.33 0.99 14 1.076 13 0.22 13 46.49 9 2.34 12 0.92 6 3.48 6 50.79 12 2.84 14 3.02 13 1 
7 3.64 5 0.40 0.36 0.67 10 0.929 10 0.23 15 40.79 5 2.41 13 0.89 3 3.50 7 52.32 13 2.18 3 3.16 15 4 
8 3.44 10 -0.18 -0.06 0.24 3 0.961 8 0.08 2 41.36 7 0.81 1 0.96 13 3.47 8 17.41 1 2.18 4 1.10 2 7 
9 3.08 15 -0.21 -0.87 1.11 15 0.833 12 0.22 14 38.07 3 2.90 15 0.88 2 3.57 9 63.01 15 1.79 1 3.02 14 3 
10 4.40 1 -0.66 1.07 1.56 16 1.153 16 0.39 16 53.54 16 4.47 16 0.88 1 3.75 10 97.26 16 3.39 16 5.35 16 1 
11 3.76 4 0.45 0.02 0.56 8 1.015 2 0.15 10 47.79 11 1.52 9 0.94 8 3.87 12 32.90 9 2.49 10 2.06 10 4 
12 3.27 13 -0.36 -0.10 0.46 6 1.006 1 0.12 6 47.48 10 1.15 6 0.95 11 3.82 11 24.83 5 2.41 9 1.65 6 7 
13 3.62 7 0.05 0.14 0.18 1 1.089 14 0.08 3 51.04 12 1.03 4 0.97 15 4.00 14 22.21 4 2.78 13 1.10 1 4 
14 3.85 2 -0.57 -0.26 0.78 11 1.111 15 0.14 7 53.21 15 1.69 10 0.95 10 4.04 15 36.61 10 2.94 15 1.92 7 4 
15 3.30 11 -0.33 0.18 0.47 7 1.030 3 0.14 8 51.90 13 1.41 7 0.95 9 3.98 13 30.50 7 2.55 12 1.92 8 6 
16 3.22 14 0.29 0.37 0.58 9 0.971 7 0.14 9 52.27 14 1.42 8 0.94 7 4.15 16 30.72 8 2.28 6 1.92 9 6 

Mean 3.51    0.64  1.00  0.16  44.90  1.80  0.93  3.58  38.90  2.45  2.24   
 

aprinted values in bold are higher than the mean; bprinted values in bold are not significantly different from unity at P < 0.05; cultivars with values in bold are considered stable; cprinted values in bold are 
lower than the mean; cultivars with lower values than the mean for more than eight stability parameters are regarded as stable; G.C= genotype code, bi = regression coefficient, S2di = deviation from 
regression8, S2

i = environmental variance, CVi = coefficient of variation14, σi
2 = Shukla stability variance13, Wi2 = ecovalence12, Ri

2 = coefficient of determination15, λi = deviation from the linear response10, 
Pi = cultivar performance measure6  F = frequency of the number of stability parameters over all of stability parameters for each genotype, if a genotype had eight/ nine values of F, it could be considered 
stable. 
 
 
 
term into the components: linear response to 
environmental effects and deviation from linear 
response (λi). However, Eberhart and Russell’s 
(1966) model is one of the most widely used 
stability models that consider both linear and non-
linear components of GE interaction in judging the 
stability of genotypes. In this model a variety with 
high mean, regression coefficient bi =1 and 
deviation from regression not significantly different 
from zero (S2

di = 0) is said to be stable. 
Accordingly, genotypes IFPI-1523 and IFPI -2711 
were the most stable genotypes since the 

regression coefficients almost unity and had one 
of the lowest deviations from regression and also 
have above average mean yield. Besides, their 
Wi

2 and S2
xi were low and they had lower 

coefficient of variability (CV %) and Shukla 
stability variance (σi2) confirming their stability. In 
contrast, varieties such as NDP-77, ‘weyitu’ and 
‘dadimos’ with regression coefficients greater than 
one were regarded as sensitive for environmental 
change. According to the IPCA 1 scores, 
genotype IFPI -2711 and ‘weyitu’ was the most 
stable genotype, followed by IFPI-1523, IFPI-3803 

and IFPI-4132. On the other hand, when IPCA 2 
is considered, this stability order had a different 
picture. According to IPCA 2 scores, genotype I-
163 and EH 96009-1-1 was the most stable 
genotype followed by IFPI -6064, IFPI-3803 and 
88PO22-6. This means that the two IPCAs have 
different values and meanings. Therefore, the 
other better option is, to calculate ASV using a 
principle of the Pythagoras theorem and to get 
estimated values between IPCA 1 and IPCA 2 
scores. ASV was reported to produce a balanced  
measurement   between   the   two   IPCA   scores 
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Table 5. Spearman’s coefficient of rank correlation for nine genotype-environment (GXE) stability parameters of 16 field pea genotypes 
evaluated in 12 environments in Southeastern Ethiopia, 2004-2006. 
 

Variables ASV bi S2
di CVi Wi R2

i Pi σi
2 Si

2 

bi 0.524         
S2

di 0.900** 0.435        
CVi 0.079 0.162 0.024       
Wi 0.947** 0.550 0.962** 0.035      
R2

i -0.92** -0.429 -0.97** 0.009 -0.95**     
Pi -0.050 0.079 -0.006 0.768** -0.009 0.018    
σi

2 0.946** 0.567 0.961** 0.031 0.999** -0.952** -0.016   
Si

2 -0.047 0.185 -0.135 0.747** -0.094 0.253 0.394 -0.095  
λ i 0.915** 0.371 0.985** 0.012 0.941** -0.968** -0.071 0.940** -0.138 

 

*, **, ns =significant, highly significant and non-significant at the level of P<0.01 and 0.05 respectively. 
 
 
 
(Purchase, 1997). 

Spearman’s coefficient of rank correlation was 
computed among all the stability parameters (Table 5). 
Highly significant (P<0.01) rank correlation between CVi 

and Si
2 (r=0.747) was observed. The same held true 

between Wi and ASV (r=0.947). Similarly, Shukla’s 
stability parameters (σi

2) were significantly correlated with 
ASV (r=0.946), S2

di (r=0.964), and Wi
2 (r=0.99), S2

di were 
highly correlated with ASV (r=0.90). On the other hand, 
deviation from linear response (λi) significantly correlated 
with ASV (r=0.915), Wi (r=0.941), σi

2 (r=0.94) and S2
di 

(r=0.985). Similarly, Alberts (2004) reported high rank 
correlations between S2

di and σi2; Wi, S
2

di and ASV, CVi, 
bi, ASV, λi and Wi and this implies their strong relationship 
in detecting the stable genotype. In contrary, No 
significant rank correlation between Lin and Binns’s 
superiority measure (Pi) and Finlay and Wilkinson’s 
procedure (bi) with the other procedures were found. 
Thus, these two procedures are not recommended for 
use on their own as a measurement of yield stability. In 
general, AMMI, joint regression, Wricke (Wi), S

2
xi, λi and 

Shukla’s (σi
2) stability parameters were found to be useful 

in assessing yield stability of field pea (P. sativum L.) 
genotypes under the studied environments of south 
eastern Ethiopian condition. Although, AMMI was found 
to be more informative in depicting the adaptive response 
of the genotypes (Purchase, 1997), the joint regression 
analysis also remains a good option. 
Hence, AMMI, S2

di, S
2
i, CVi, σi

2, Wi
2, and λi were useful in 

determining the relative stability of field pea genotypes 
under the test environments of the Highlands of Bale, 
south eastern Ethiopia. Therefore, it is possible to use 
only one of them as a measure of stability. There were 
also high correlations between AMMI, S2

di, S2
i, CVi, σi

2, 
Wi

2, and λi (P < 0.01). Hence, it is possible to use only 
one of them as a measure of stability. Generally, from 
evaluated field pea (P. sativum L.) genotypes at 
highlands of Bale, south eastern Ethiopia, IFPI-1523, IFPI 
-2711, I-163, IFPI-3803 and 88PO22-6 were stable 
cultivars, which had 8, 8, 7, 7, and 7 out of all 10 stability 

statistics used, respectively. Among these cultivars, IFPI-
1523 and IFPI -2711 were the most stable ones, because 
both of them had 8 out of all 10 stability statistics used, 

respectively. In summary, AMMI, S2
di, Wi

2, i
2 , 

i  and 

S2
i were generally found to be important in determining 

the comparative stability of the field pea genotypes tested 
and this fact also reflected by spearman’s rank 
correlation coefficient that displayed significant 
correlations among these stability parameters; the 
significant GxE interactions and the changes in the rank 
of genotypes across environments suggests a breeding 
strategy of specifically adapted genotypes in 
homogenously grouped environments and whenever, 
new varieties are proposed for commercial release, 
information on GxE interactions and stability, clearly 
indicating their specific and/or general adaptations needs 
to be available to the users. 
 
  
Conclusion 
 

Compression of biometrical methods to describe stability 
analysis for grain yield of field pea genotypes revealed 
that genotypes IFPI-1523 and IFPI -2711 were stable in 
yield and such stable performance is a desirable attribute 
of cultivars, particularly for countries such as Ethiopia, 
where environmental variations are very high and 
unpredictable. Breeding efforts for such environments 
should give more emphasis to develop widely adapted 
genotypes such as genotypes IFPI-1523 and IFPI -2711. 
Similarly, breeding for specific localities need to be 
encouraged using the existing sub-centers and, of 
course, with in the available resources since the latter is 
more expensive than the former. Moreover, a genotype 
with low phenotypic stability is predestined to be 
eliminated from the market. The use of appropriate 
biometrics techniques is necessary for identifying the 
most adapted, responsive and stable genotypes in the 
final phases of the plant breeding program, where the 
high cost and the time spent in assays are powerful  
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justifications to search for improved methods. In general, 
the following major findings can be summarized from this 
study: 
 

(i) AMMI, S2
di, Wi

2, i
2 , 

i  and S2
xi were generally found 

to be important in determining the comparative stability of 
the field pea genotypes tested and this fact also reflected 
by spearman’s rank correlation coefficient that displayed 
significant correlations among these stability parameters;  
(ii) The increased probability of identifying the next 
royalty-paying genotype. The interaction of the 16 field 
pea genotypes with 12 environments was best predicted 
by the first 2 principal components of genotypes and 
environments;   
(iii) The significant GxE interactions and the changes in 
the rank of genotypes across environments suggests a 
breeding strategy of specifically adapted genotypes in 
homogenously grouped environments;  
(iv) Finally, whenever, new varieties are proposed for 
commercial release, information on GxE interactions and 
stability, clearly indicating their specific and/or general 
adaptations needs to be available to the users.  
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Tomato (Lycopersicon esculentum) is one of the most widely grown vegetables in the world. There is a 
growing concern in recent years, both in developed and developing countries, about the use of 
hazardous fungicides for controlling plant diseases. The in vitro effect of two fungicides commonly 
used in Algeria namely Trifidan and Antracol (propineb) on the growth of three pathogenic fungi of 
tomato, Fusarium oxysporum f.sp. radicis-lycopersici, Fusarium commune and Fusarium redolens was 
investigated to determine the effectiveness of the fungicides in reducing fungi growth. Each fungicide 
was assayed at 0, 100, 200, 400 and 500 mg L-1 rate in Potato Dextrose Broth (PDB) and incubated at 
28°C for seven days. Data were collected on the mycelia weights of the fungi under each treatment. 
Mycelia weights of the three fungi were significantly reduced at 100 mg L-1 by the two fungicides under 
antracol treatment F. redolens and F. commune and a significant reduction was observed at 400 and 
500 mgL-1. Application of Trifidan, significantly decrease in mycelia weight of F. oxysporum f. sp. 
radicis-lycopersici and F. commune irrespective of the rate applied. F. redolens was completely 
inhibited by Trifidan, and its inhibition started at 100 mg L-1. 
 
Key words: Fusarium species, mycelium growth, inhibition, trifidan, antracol, tomato diseases, control, 
fungicides. 

 
 
INTRODUCTION 
 
Fusarium oxysporum f. sp. radicis-lycopersici (Forl) 
leading to Fusarium crown and root rot is one of the most 
destructive soil borne diseases of tomatoes occurring in 
greenhouse and field crop (Szczechura et al., 2013) F. 
oxysporum f.sp. radicis-lycopersici has a greater host 
range than F. oxysporum f. sp. lycopersici. 

Trifidan is a Triazole groups, its active ingredient is 
Triadimenol at 25%. The chemical name is [beta-(4- 
chlorophenoxy)- alpha- (1.1-dimethylethyl)-1H-1.2.4 

triazole-1-ethanol]. Trifidan is used for seed treatment to 
control loose, smut and smut covered, bunt of wheat, 
typhula blight of powdery mildew, barley, leaf spot, rust 
and take-all and common root and foot rot of wheat and 
barley. While the Antracol belongs to dithiocarbamates 
groups; its active ingredient is probineb at 70%. It is 
aprotectant foliar fungicide with long residual activity and 
it is used across the world as a protective treatment on 
several crops for the control  of  various  fungi,  especially
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Oomycetes, Ascomycetes, Basidiomycetes and imperfect 
Fungi for the control of blue mould of tobacco, target spot 
(early blight) and late blight (Irish blight) of potatoes and 
tomatoes, grey leaf spot of tomatoes, downy mildew of 
cucurbits and onions, black spot of citrus and certain 
other diseases (Anonymous, 2013). 

F. commune and F. redolensis closely related, but 
phylogenetically independent of F. oxysporum. 
F.commune and F. redolens are species newly described 
in Algeria on tomato F. commune was described as a 
distinct species in 2003 based on DNA sequences 
(Skovgaard et al., 2003; Stewart et al., 2006), and it has 
been described as an pathogen on different crops caused 
internal root discoloration and root rot on tomato (Hamini-
Kadar et al., 2010), cause damping-off and root rot of 
conifer seedlings in forest nurseries (Mee-Sook et al., 
2012; Stewart et al., 2012; Dumroese et al., 2012) and 
horse radish (Yu and Babadoost, 2013). F. redolens was 
also referred as an important pathogen on different crops 
including asparagus (Wong and Jeffries, 2006), soybean 
(Bienapfl et al., 2010), lentil (Riccioni et al., 2008), 
chickpea (Jiménez-Fernàdez et al., 2010), pea (Taheri et 
al., 2011) and recently as a causal agent of allepo pine 
damping-off in Algeria (Lazreg et al., 2013). 

Methods for complete control of diseases tomato are 
yet to be developed. Management strategies for these 
diseases include use of presumed disease free seeds, 
resistant cultivars and fungicides treatments. A 
considerable work has been done in controlling diseases 
of many crops caused by F. oxysporum both in vitro and 
pot culture experiments by using fungicides (Jahanshir et 
al., 2010; Taskeen et al., 2011; Muhammad et al., 2011; 
Ndikumana, 2013). Several studies on this disease were 
performed, among which investigations on fungicide 
treatments represent an important research area. 
Although this is the first time such a study is been 
conducted on F. redolens and F. commune in Algeria. 
The aim of this study was to investigate the antifungal 
activity of some fungicides (Trifidan and Antracol) against 
mycelial growth of Forl, F. commune and F. redolens. 
 
 
MATERIALS AND METHODS 
 
Fungi and cultures  
 
The three fungi investigated were F. oxysporum f.sp radicis 
lycopersici, F. commune and F. redolens were obtained from the 
fungal collection of the Laboratory of Applied Microbiology, Faculty 
of Nature and Life Science, Oran University, Algeria. All strains 
were selected for their aggressiveness among tomatoes. The three 
pathogens were molecularly identified by their EF-1α sequences. 
All pathogenic fungus were cultured and purified on potato dextrose 
agar medium (PDA): extract of boiled potatoes, 200 ml; dextrose, 
20 g; agar, 20 g and distilled water, 800 ml) at 28°C for 7 days. 
 
 
Fungi proliferation  
 
The method used is that described by Olajire and Oluyemisi (2009). 
Potato dextrose broth (PDB)  was  the  media  used  for  the  growth  
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experiment. The medium was prepared by mixing infusion of 200 g 
peeled potato; 20 g dextrose in 1000 ml distilled water. After 
cooking the medium was poured into 125 ml conical flasks at the 
rate of 50 ml per flask and were sterilized by autoclaving at 121°C, 
for 20 min. When the media was cool down 1 ml of chloramphenicol 
(1%) was aseptically added. Trifidan and Antracol were introduced 
separately into the flasks containing PDB at concentrations of 100, 
200, 400 and 500 mg L-1. Flasks without fungicides used as control. 
The flasks were inoculated with mycelial discs of 5 days old and 
incubated at 28°C for seven days. Three replicated flasks were 
used for each concentration of the two fungicides. At the end of 
incubation, the cultures in all flasks were filtered separately through 
pre-weighted filter paper. Dry weight of mycelium was obtained by 
subtracting weight of filter paper from weight of filter paper and 
mycelium. Inhibition of mycelia dry weight was determined by 
comparing the growth in control flasks following the formula given 
by Nikam et al. (2007). 
 

 
 
Where, C represents the weight of fungi growth on untreated PDB 
and T represents the weight of fungi on treated PDB. 
  
 
Statistical analysis 
 
Data collected were subjected to statistical analysis using simple 
ANOVA for least significant (P<0.05) by the Microsoft Excel 
software. 

 
 
RESULTS AND DISCUSSION 
 
The effect of Trifidan and Antracol at 100, 200, 400 and 
500 ppm were tested in vitro. The later fungicides tested 
gave appreciable inhibition in mycelial growth. 
Differences in sensitivity to the fungicides in vitro were 
observed among the isolates. All the isolates were 
sensitive to the tested fungicides, but the sensitivity 
varied between the isolates and species. Results 
obtained with Trifidan were presented in (Table 1). In 
general adding Trifidan to PDB media has inhibited 
mycelium growth for the three fungi tested: F. redolens, 
F. oxysporum f.sp radicis lycopersici and F. commune 
compared to the control treatment without Trifidan. 

There is a significant decrease in mycelium weight of 
the fungus with an increased in fungicidal concentration 
(P<0.05). But statistically showed no significant 
differences between the different concentrations used. 
The higher inhibition of growth was observed in F. 
redolens (96.89%) at 400 mgL-1and this inhibition was the 
same at 500 mgL-1.The high sensitivity of the F. 
redolensto Trifidan (95.14% at 100 mgL-1) was an 
indication that lowerrates of Trifidan application in our 
study effectively inhibit mycelia growth. Trifidan is a 
triazole fungicide that inhibits ergosterol biosynthesis. 
Triazoles are sterol inhibiting fungicides. These 
fungicides have no immediate effect on the respiratory 
mechanism; therefore, they do not inhibit spore 
germination (Siegel, 1981) but are effective at preventing 
mycelial growth  (Burlakoti  et  al.,  2010).   It  provide  the  

Percent inhibition  



2586         Afr. J. Agric. Res. 
 
 
 

Table 1. Effect of Trifidan® on the mycelium growth of F. redolens, Forl, F.commune. 
 

Rate mg L-1 
Mycelium weight (g) 

Fusarium   redolens* I% Forl* I% Fusarium commune* I% 

0 0.515d  1.182e  0.356 c  
0100 0.025a 95.14 0.378c 68.02 0.202b 43.25 
200 0.022a 95.72 0.367c 68.95 0.190b 46.62 
400 0.016a 96.89 0.366c 69.03 0.189b 46.91 
500 0.016a 96.89 0.331c 71.99 0.181b 49.15 

 

* = Average of three replications, Mean values in columns differ significantly (P<0.05), if they are not marked with the same letter. 
 
 
 
Table 2. Effect of Antracol® on the mycelium growth of F. redolens, Forl, F. commune. 
 

Rate mg L-1 
Mycelium weight (g) 

Fusarium redolens* I% Forl   * I% Fusarium  commune* I% 

0 0.520a  1.155c  0.339b  
100 0.514a 1.15 0.874d 24.32 0.150f 55.75 
200 0.479a 7.88 0.781e 32.38 0.114f 66.37 
400 0.449a 13.65 0.759e 34.28 0.063g 81.41 
500 0.365b 29.80 0.666e 42.33 0.039g 88.49 

 

* = Average of three replications. Mean values in columns differ significantly (P<0.05), if they are not marked with the same letter. 
 
 
 

Table 3. Mean mycelium growth of tested fungi under effect of 
all fungicides. 
 

Species                            Mean mycelium growth 

Fusarium redolens            0.341a 
Fusarium oxysporum        0.466a 
Fusarium commune          0.846b 

 

Mean values in columns differ significantly (P<0.05), if they are not 
marked with the same letter. 

 
 
 

Table 4. Mean concentrations of tested fungicides at 
all concentrations. 
 

Concentration Mean of inhibition 

[C] 0 (Témoin) 1.01b 

[C] 100 0.513a 

[C] 200 0.457a 

[C] 400 0.423a 

[C] 500 0.356a 

 

Mean values in columns differ significantly (P<0.05), if 
they are not marked with the same letter. 

 
 
 
most effective control of Fusarium species which has 
been reported by other studies (Gareis and Ceynowa, 
1994; Mesterhazy et al., 2003; Burlakoti et al., 2010; 
Ruan  et  al.,  2011).  Active   ingredients   of   Trifidan   is  

triadimenol, (Hall, 1987) showed that triadimenol reduced  
neither the incidence of infection of crowns by Fusarium 
nor the incidence of crown rot and Frank and Ayers 
(1986) and also Everts and Leath (1993) showed that 
triadimenol provides control of a foliar pathogen which 
may cause severe yield loss. 

Antracol reduced the growth of F. oxysporum f.s 
pradicis lycopersici and F. commune. There is no 
significant difference in the mycelia growth of F. 
oxysporum and F. redolens between 100 and 500 mg L-1. 
The antracol has an inhibitory effect on the growth of F. 
commune with a concentration between 400 and 500 mg 
L-1 (Table 2). The best inhibition rates were observed at 
500 mg L-1, 29.80, 42.33 and 88.49% for F. redolens, F. 
oxysporum f.sp. radicis lycopersici and F. commune 
respectively. In our study the mycelia weigh of the tree 
Fusarium reduced at higher concentration of antracol, the 
similar results were observed by Pathan et al. (2005). 
Other works were tested six fungicides against 
Botryodiplodia theobromae but the antracol revealed 
lowest response. Such observations were also reported 
by Uzma and Nusrat (2011) and Rajput et al. (2012).  

Statistical analysis indicated the significant differences 
in susceptibility to fungicides between the tested species. 
It appears that F. redolens and F. oxysporum were the 
most sensitive fungus to the application of fungicides 
following by F. commune (Table 3). The two fungicides 
(Antracol and Trifidan) can be used at the lowest 
concentration, in order to decrease the residue of 
fungicides, because there is no significant difference 
between the four concentrations tested (Table 4). 
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Successful integration of biocontrol organisms into agricultural production systems requires 
knowledge of their compatibility with commonly used pesticides. The compatibility of the biocontrol 
fungus Trichoderma harzianum (Eco-T ®) with a pesticide mix containing imidacloprid, metalaxyl and 
thiram (Product X) was assessed for maize seed treatment. Laboratory evaluations demonstrated that 
Product X caused up to 97.6% mortality of T. harzianum in a period as short as 3 days after seed 
treatment. Under greenhouse conditions, combined treatment of T. harzianum and Product X resulted in 
a significant reduction in percentage germination, dry shoot biomass and maize vigour when compared 
to single treatment with T. harzianum. Seed treatment with T. harzianum significantly enhanced maize 
germination, dry shoot biomass and vigour.  In contrast, treating maize seed with Product X showed no 
actual benefit towards optimizing maize seedling growth. 
 
Key words: Biological control, compatibility, maize, pesticides, Trichoderma harzianum.           
 

 
INTRODUCTION 
 
Treating seeds with fungicides is a common practice that 
is expected to prevent seed borne and soil borne 
diseases caused by pathogenic fungi. Moreover, to avoid 
damage caused by insect pests, combinations of 
fungicides with insecticides have been employed, 
resulting in a considerable increase in the number of 
chemical components used in seed treatments. In Africa, 
pesticide use accounts for 4% of the global pesticide 
market of 31 billion US dollars (Agrow, 2006; PAN UK, 
2006).   

The need for better seed treatments has led to the 
formulation  of  different   chemical   cocktails   containing  

several active chemical ingredients in a single seed 
treatment (Williamson et al., 2008).  One such mix, called 
‘Product X’ for anonymity, contains the insecticide 
imidacloprid and the fungicides metalaxyl and thiram. 
This product has been sold in some countries in Africa 
without formal registration, and limited labelling and 
documentation on its correct use. Inappropriate use of 
such products may have consequences not only for 
operator and consumer health but also for farm livestock, 
soil microflora, bees, wildlife and vegetation (Pretty and 
Hine, 2005; Williamson et al., 2008). 

Imidacloprid is a systemic insecticide  belonging  to  the 
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chemical class of neonicotinoids, which acts by 
specifically blocking the microtinergic neuronal pathway 
of insects (Jemec et al., 2007). This systemic property 
combined with high toxicity to sucking insects allows 
neonicotinoid soil treatment and seed coatings to provide 
long lasting protection of the whole plant (van der Sluijs 
et al., 2013).  However, neonicotinoid insecticides are 
currently the subject of intense debate stemming from 
their link to an increase in diabetes incidence in humans, 
ecotoxic effects on earthworms, soil and ground water, 
and large-scale losses in honey bee populations 
(Ratnieks et al., 2010; Alves et al., 2012; Tapparo et al., 
2012; Anderson et al., 2013; Kim et al., 2013). Seed-
coating with neonicotinoid insecticides used worldwide on 
maize crops have been linked to the rapid decline in 
honeybee colonies.  

This phenomenon is known as colony collapse disorder 
and represents a worldwide crisis that has adverse 
effects both on crop production and ecosystems 
(vanEngelsdorp et al., 2009; Di Prisco et al., 2013). In 
January 2013, the European Food Safety Authority 
(EFSA) stated that neonicotinoids pose an unacceptably 
high risk to the global honey bee population. As a result, 
several countries have restricted the neonicotinoids, 
including imidacloprid (EFSA, 2013). 

Biocontrol can provide an alternative approach to plant 
disease control and avoid the detrimental effects from 
chemical pesticides. Research activities have pointed to 
the potential of isolates of Trichoderma sp. to control soil 
borne plant pathogens effectively with no harmful effects 
to the environment. They are present in nearly all 
agricultural soils (Harman et al., 2004) and are efficient in 
controlling plant pathogens through several antagonism 
mechanisms such as antibiosis, antibiotic production, 
competition, and induction of resistance in addition to 
growth promotion of some plants (Howell, 2003). 
Trichoderma spp. has been shown to be antagonistic to 
some soil-borne pathogens, such as Rhizoctonia, 
Sclerotium, Fusarium, Pythium (Deng et al., 2007). It is 
use in plant disease control is expanding as an 
increasing number of studies have reported its 
antagonistic effect on other plant pathogens 
(Gomathinayagam et al., 2012; Zhang et al., 2014; 
Larralde-Corona et al., 2008; Abdel-Fattah et al., 2007). 

A critical impediment to the application of biological 
control in the field is lack of knowledge of the 
compatibility between seed treatments with commonly 
used pesticides and biological agents. Previous studies 
have reported the compatibility of biocontrol agents with 
chemical pesticides (Bhai and Thomas, 2010). 

 However, little information is available on the 
compatibility of Trichoderma harzianum, a well-known 
bio-control agent against several plant pathogens, with 
current chemical pesticide mixes in Africa. Given the 
rapid adoption of a variety of pesticide seed treatments in 
Africa, this study evaluated the efficacy of Product X and its 
compatibility with the biocontrol fungus T. harzianum as 
treatments of maize seed.      
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MATERIALS AND METHODS 
 
Seed and products 
 
Untreated seed of the white maize cultivar, Mac’s Medium Pearl, 
was obtained from McDonalds Seed Company (Pty) Ltd., 
Pietermaritzburg, Republic of South Africa.  Trichoderma harzianum 
Eco-T® is a registered, formulated biocontrol product, known for its 
inhibitory action on certain root diseases and growth promoting 
effects on a wide variety of vegetables, crops and ornamental 
species.  It was provided by Plant Health Products (Pty) Ltd 
(Estcourt, RSA, 3280) and applied as a seed treatment at the 
recommended rate of 1 g.kg-1 seed. 

Product X has the active ingredients of 10% imidacloprid 
(insecticide), 10% metalaxyl (fungicide) and 10% thiram (fungicide), 
and was applied as a seed treatment at the recommended rate of 
3.3 g.kg-1 seed. 
 
 
Seed treatments 
 
The seed was coated with either single or combined treatments of 
T. harzianum (Strain Eco-T®) and an insecticide/fungicide seed 
treatment Product X. The seeds were surface sterilized by washing 
8 times in sterile distilled water before being immersed in 10% 
sodium hypochlorite for 1 min.  Seeds were then washed 3 times 
with sterile distilled water and blotted dry on sterile filter paper. They 
were coated with the recommended amount of seed treatment 
together with a small amount of an organic adhesive (2% guar gum 
solution). After treatment, seeds were left overnight to dry in a 
laminar flow cabinet. 
 
 
Experimental design 
 
The experiment was arranged in a randomized complete block 
design consisting of four treatments and five replications per 
treatment. Treatments included: (1) control: untreated (treated with 
adhesive only), (2) Thz: treated with T. harzianum only, (3) Product 
X: treated with Product X only, and (4) Thz + Product X: treated 
with both T. harzianum and Product X. Each treatment consisted of 
five Speedling® 49 trays. One seed per cell of the tray was sown 
and trays were filled with composted pine bark medium (Growmor, 
Cato Ridge). Trays were maintained at 25-30°C in a tunnel (CERU, 
UKZN-PMB), at 60 to 80% relative humidity, and fertilized weekly 
with 3:1:3 (nitrogen: phosphate: potassium) soluble fertilizer.  The 
experiment was repeated three times.  
 
 
Assessment of growth parameters 
 
Germination percentage and dry shoot biomass 
 
At six days post planting, emerging seedlings were counted and 
counts were presented as the percentage seedlings that had 
germinated in one Speedling® 49 tray. The dry shoot biomass was 
assessed at 21 days post planting.  Shoots of seedlings in a tray 
were carefully cut from roots at soil level and placed in a paper bag. 
The shoot biomass was dried in an oven at 65°C for 72 h. Dried 
shoots were weighed and the values were expressed in grams dry 
shoot biomass. 
 
 
Vigour index 
 
At 21 days post planting, root and shoot length of seedlings were 
measured. Mean values per tray were calculated and expressed in 
millimetres. Vigour index values were computed using the  following 
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Table 1. Single and combined effect of Trichoderma harzianum Eco-T® and Product X seed treatments on the germination 
percentage, dry shoot biomass and vigour of maize (Zea mays L.). 
  

Treatments Germination (%) Dry shoot biomass (g) Vigour index 

Untreated control 93.74b 27.07b 51333c 
Thz  97.82a 31.05a 63987a 
Product X 94.66b 27.96b 53634b 
Thz & Product X 94.66b 26.48b 54555b 
    
Effects    
P value <0.01 <0.001 <0.001 
l.s.d 1.84 1.89 1925.7 
s.e.d 0.82 0.869 864.3 
%cv 1.4 4.9 2.4 

 

- Means within a column not following by the same letter are significantly different (P= 0.05). 
 
 
 
formula:  
 
Vigour index = [(mean root length + mean shoot length) X 
germination %] (Abdul Baki and Anderson, 1973). 
 
 
Assay of antifungal activity of Product X on T. harzianum 
 
An inhibition index was calculated to determine the degree of 
antifungal activity of Product X on the growth of T. harzianum. A 
sub-sample of 10 seeds of the Thz and Thz + Product X treated lots 
was incubated on moist sterile filter paper for 3 days at 30°C. 
Individual seeds were placed in an Eppendorf tube containing 1 ml 
sterile distilled water and vortexed to remove any conidia from the 
seed.  The resultant 1 ml suspension was serially diluted to count T. 
harzianum colony forming units (CFU) on Trichoderma Selective 
Media (TSM, Elad et al., 1981).  Plates were incubated at 30°C and 
colony counts were made 72 h post inoculation. There were three 
replicates for each plate. The antifungal index was calculated as 
follows: Inhibitory index (%) = ((A-B)/A) x 100. Where A is the 
colony count of seeds treated with T. harzianum only and B is the 
CFU count of seeds treated with T. harzianum and Product X. Each 
experiment was performed three times and the data were 
averaged. 
 
 
Statistical analysis 
 
Data was analysed using the statistical analysis software GenStat® 
14th Edition. A one way analysis of variance (ANOVA) was used to 
determine treatment effects. Significant difference between 
treatments at 5% probability level was determined using Fisher’s 
unprotected least significant difference (LSD) test. 
 
 
RESULTS 
 
Germination percentage and dry shoot biomass 
 
Single treatment of seed with T. harzianum significantly 
enhanced maize germination (P<0.01) and dry shoot 
biomass (P<0.001), (Table 1). In contrary, seed treatment 
with Product X did not significantly improve germination 
percentage or dry shoot biomass. Combined treatment of 
T. harzianum  and  Product  X  significantly  reduced   the 

effect of T. harzianum. 
 
 
Vigour index 
 
As shown in Table 1, seed treatment with T. harzianum 
caused the highest seedling vigour, with a vigour index of 
63987 (P<0.001). Figure 1 depicts the influence of each 
treatment on maize seedling growth. Treatment with 
Product X also enhanced seedling vigour (53634). 
Combined treatment of T. harzianum and Product X 
(54555) significantly diminished the effect of T. 
harzianum. 
 
 
Assay of antifungal activity of product X on T. 
harzianum 
 
Viable cell counts resulted in T. harzianum population 
densities of 528,571 CFU.ml-1 and 12,867 CFU.ml-1 for 
the Thz and Thz + Product X treatments respectively. A 
total of 97.6% of T. harzanium cells were inhibited by 
Product X (Table 2). 
 
 
DISCUSSION 
 
T. harzianum is an effective biocontrol agent that is 
known to suppress certain soil borne diseases (Pal and 
Kumar, 2013). In addition, seed treatments with T. 
harzianum have shown to enhance plant growth (Howell, 
2003). Our studies have shown that germination and 
vigour of maize can be improved by seed treatment with 
a selected T. harzianum strain. However, factors that 
reduce the active population of T. harzianum on the seed 
will directly reduce the efficiency of the biological 
activities involved in enhanced maize growth. In Africa, 
seed treatment with pesticides has been broadly 
practiced as an insurance against seed and soil-borne 
pests,  although  the  toxicity  of  most   pesticides   to   T.  
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Figure 1.  Effect of singular and combined Trichoderma harzianum Eco-T® and Product X seed treatments on the growth of 
maize (Zea mays L.). 

 
 
 

Table 2. Effect of seed coating agents of Product X on Trichoderma 
harzianum Eco-T® colonization of treated maize (Zea mays L.) seed.  
 

Treatment Colony forming units.ml-1 

Thz 528,571 
Thz & Product X 12,867 
Inhibitory index (%) 97.6 

 
 
 
harzianum has often been underestimated. A lack of 
knowledge of the compatibility of a biocontrol agent with 
pesticides may contribute to the failure of the biocontrol 
agent to perform as expected (Fravel et al., 2005). This is 
the first study in Africa to report the negative effect of 
commonly used seed treatment chemicals on biocontrol 
fungus T. harzianum.  

In this study, the active ingredients in Product X 
dramatically reduce the viability and biological control 
abilities of T. harzianum. Results from viable cell counts 
using the antifungal assay showed that Product X caused 
97.6% mortality to T. harzianum in a period as short as 3 
days after seed treatment (Table 2). As a result, 
combined treatment of T. harzianum and Product X 
resulted in a significant reduction in germination, dry 
shoot biomass and seedling vigour when compared to 
treatment with T. harzianum only (Table 1). T. harzianum 
and Product X are not compatible treatments for use in 
an integrated pest management system. When compared 
to the untreated control (93.74%), seed treatment with 
Product X (94.66%) did not significantly improve 
germination percentage or dry shoot biomass. Hence, the 
practice of applying Product X as a seed treatment to 
maize provides no immediate benefit to maize seedlings. 
Previous investigations into the compatibility of biocontrol 
and pesticide treatments have reported a similar trend. 
Campo et al. (2009) evaluated the  compatibility  between 

seed treatment with fungicides and bradyrhizobial 
inoculated on soybean under laboratory, greenhouse and 
field conditions. Not only did the study demonstrate 
fungicide toxicity to the bradyrhizobial population, but it 
also noted that fungicide seed treatment did not enhance 
either plant emergence or yield compared to the 
fungicide-free treatments (Campo et al., 2009). Sarkar et 
al. (2008) also reported inhibition of T. harzianum by 
systemic fungicides hexaconazole (87.7%), 
propiconazole (56.4%) and triflumizole (36.2%).  
Similarly, Malathi et al. (2002) showed incompatibility of 
fungicides thiophanate methyl and carbendazim when 
tested with six Trichoderma strains in the integrated 
management of red rot disease of sugarcane. 
Considering the poor performance of Product X, the use 
of T. harzianum should be considered as a more efficient 
and environmentally-friendly alternative for seed 
treatment of maize.   

In Africa, a large maize industry faces numerous pest 
and pathogen attacks, demanding pesticide usage with 
mixtures of active ingredients (Williamson et al., 2001). 
The results of this study offer new insight into the toxicity 
and efficacy of pesticide cocktails used to treat a range of 
seed in Africa.  This cocktail drastically hinders biological 
inoculant survival and activity on treated seed.  Such 
seed treatments may provide no benefits to the treated 
seed  in  practice.   In   contrast,   T. harzianum   provided  

 

Untreated Control Thz Product X Thz & Product X 
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measurable growth enhancement. The information 
presented in this study will be of benefit to farmers in 
Africa when choosing a suitable seed treatment for 
maize. 
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