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The objective of this review paper is to examine whether or not sheep crossbreeding is a feasible 
option to improve indigenous sheep breeds in developing countries using Ethiopian case as example. 
The paper reviewed and discussed the history of exotic breed introduction, research, and development 
efforts in crossbreeding and performance of crossbreds under on-station and on-farm management. 
Earlier, the choice of breed for crossbreeding overlooked interests and preferences of farmers mainly 
for physical appearance. More recently the introduction of Awassi sheep considered their preference. 
Performance evaluation results from the on-station and on-farm (mainly based on Awassi pilot 
crossbreeding villages) showed that crossbreds often outperformed their local contemporaries. Thus 
comparisons of pure local sheep and crossbreds among those breeds produced in some areas 
indicated a good outcome of this type of crossbreeding. However, the performance of crossbred sheep 
varied by location and depended on management and exotic inheritance levels. For most programs, no 
comprehensive data were available to do on-farm comparisons of herd productivity and cost-benefits or 
to evaluate the sustainability of the programs. Regardless of location, farmers participating in 
crossbreeding often showed keen interest in crossbreeding, mainly due to the fast growth, larger body 
size of crossbreds resulting in higher market prices as compared to their local sheep breeds. Ram 
multiplication and dissemination from the government farms were found inefficient. The predominant 
practice of a ubiquitous dissemination and selling of breeding rams to individual farmer dilute the 
efforts of crossbreeding and prevents generating the benefits expected from crossbreeding programs. 
Furthermore, indiscriminate crossbreeding without prior analysis of suitability of crossbreds for a given 
production environment and without clear breeding objectives presents a potential threat to better 
adapted indigenous breeds. Crossbreeding programs require strong research and development 
support from public service and non-governmental institutions for sustainable design, optimization, 
and implementation in clearly defined production environments. 
  
Key words: Awassi, developing countries, Dorper,  on-farm performance, smallholder farmer. 
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INTRODUCTION 
 
Small ruminant production is an important agricultural 
activity and has a substantial contribution to smallholder 
farmers in generating income and securing food in 
developing countries (Kosgey et al., 2006). Tropical 
developing countries typically rely on non-specialized 
multipurpose breeds and extensive production systems 
and control over breeding animals is often poor. Existing 
breeds are adapted to the existing environmental 
situation which is characterized by feed scarcity and 
disease challenge (Baker et al., 2002; Haile et al., 2002; 
Gizaw et al., 2008a). However, there is a belief that local 
breeds are less productive and unlikely to continue 
sustaining the fast growing demand for food that is 
created by rapid human population growth, urbanization 
and income growth. Crossbreeding is considered as one 
of the options and it is a potentially attractive breed 
improvement method due to its quick benefits as the 
result of breed complementarity and heterosis effects 
(Leymaster, 2002; Hayes et al., 2009). FAO (2007) 
documented that the transfer of genetic material has 
been increased dramatically in the recent decades. 
Sheep are among the most widely distributed livestock 
species. Consequently, based on a review of Shrestha 
(2005), the widely practiced breed combination resulted 
in about 443 composite sheep populations worldwide in 
68 countries. Some remarkable results have been 
achieved in well-designed selective and crossbreeding 
schemes. One example is the improvement of local 
Awassi using within-breed selection, crossbreeding and 
gene introgression resulting in a highly productive and 
prolific genotype in Israel (Gootwine and Pollott, 2000; 
Pollott and Gootwine, 2004). Another example is the 
development of Dorper sheep by crossing Dorset Horn 
rams with fat-rumped Black Head Persian ewes (de Waal 
and Combrinck, 2000). Such programs have been 
favored by resourceful environments and well developed 
infrastructure and markets (Sölkner et al., 1998). 
However, in developing countries generally, the adoption 
of livestock technologies has been low due to the 
environment and poor resource base of farmers (Iñiguez, 
2011). The proportion of exotic and crossbred sheep 
populations in Ethiopia remains low, only 0.2% (CSA, 
2013), indicating that research and development efforts 
of sheep crossbreeding in Ethiopia did not deliver the 
anticipated benefit to smallholder farmers so far. 
However, there is still a growing interest of the 
government and of farmers in sheep crossbreeding. 
There is no comprehensive study showing the 
performance of crossbreeding, both biological and 

economical, to substantiate the argument on the benefit 
of sheep crossbreeding for smallholder farmers. This 
paper reviews sheep crossbreeding efforts particularly in 
Ethiopia and in other African countries with the aim to 
support decisions related to the future implementation of 
crossbreeding strategies.  
 
 
HISTORY OF EXOTIC BREED INTRODUCTION TO 
ETHIOPIA  
 
The first introduction of exotic sheep breeds into Ethiopia 
traced back to 1944 when Merino sheep were introduced 
from Italy by an American aid organization and were 
maintained at Entoto (located near Addis Ababa) sheep 
breeding station (DBHBMC, 2007). Romney, Corriedale, 
Hampshire, and Rambouillet were introduced from Kenya 
in 1967 and were kept at the government farm Debre 
Berhan Sheep Breeding and Multiplication Center 
(DBSBMC) which was established in 1967 and located at 
Debre Berhan town, in North Shewa administrative zone 
of the Amhara region. Another state owned farm, Chilalo 
Agricultural Development Unit (CADU) was also 
established in the same year in the former province of 
Arsi. However, the detection of maedi-visna (respiratory 
viral disease) in the flock of CADU in 1988-1989 
prompted closure of the farm (BoA, 2000). In 1980, 
Awassi sheep were introduced from Israel and kept at 
DBSBMC and Amed Guya Sheep Breeding and 
Multiplication Center (AGSBMC). There were also 
continuous importations of purebred Awassi sheep 
totaling 45 (ram and ewe lambs). The two government 
farms have been engaged in multiplication and 
distribution of crossbred rams to farmers at a subsidized 
price. Ram dissemination was banned between the years 
2001 and 2009 following the confirmed maedi-visna 
disease in crossbreds and associated sheep flocks 
(DBHBMC, 2007). In 2011, about 170 pure Awassi sheep 
were imported from Israel to recommence crossbreeding 
in the farms.  

Dorper sheep were introduced into the Jijiga area 
(Somali Region) in the late 1980s. On-station 
performance of crossbred was very good however there 
was no on-farm evaluation during that time (Awgichew 
and Gipson, 2009). All sheep were looted from the ranch 
during the political instability in 1991 (Awgichew and 
Gipson, 2009).The Ethiopian Sheep and Goat 
Productivity Improvement Program (ESGPIP), a USAID- 
funded 5 year project launched in 2006, operated with the
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goal to sustainably increase sheep and goat productivity 
in Ethiopia and consequently to enhance economic and 
food security. A total of 120 Dorper sheep (ewes and 
rams) were imported again from the Republic of South 
Africa in 2007 (Awgichew and Gipson, 2009). Regional 
research institutions also showed interest in Dorper 
sheep and additional ~250 sheep were imported in 2011, 
aiming to establish new nucleus flocks.  
 
 
OVERVIEW OF CROSSBREEDING EFFORTS BASED 
ON EXOTIC AND INDIGENOUS SIRES 
 
Introduction of Romney, Corriedale, Hampshire, and 
Rambouillet was targeted to cross them with local sheep 
breeds aiming to supply wool for the Debre Berhan 
blanket factory established in 1967. From the year 1969 
to 1974, a total of 99 crossbred ewe lambs and ram 
lambs were distributed to farmers. The breeds were 
performed well in growth performance under station and 
farmer situation except Romney breed (DBHBMC, 2007); 
nevertheless, they were not preferred by farmers due to 
their physical characteristics (face covered with hair, 
absence of horn in males and thin tail), fatty nature of 
wool making it difficult to spin wool in the traditional way, 
and the suspected poor skin quality. Thus, during the 
monarchy time, crossbreeding was mainly limited to on-
station to supply fattened sheep for the king palaces and 
occasions. Following the downfall of the monarchy 
(1974), the crossbreeding efforts were directed to 
produce and disseminate crossbred rams to smallholder 
farmers. DBSBMC and AMSBMC distributed more than 
4000 crossbred rams of different breeds (Awassi, 
Corriedale, and Hampshire) to smallholder farmers at 
subsidized prices between the year 1974 and 2001 
(DBHBMC, 2007). Hampshire and Corriedale breeds 
were initially used while these breeds were gradually 
replaced by Awassi following the introduction of Awassi in 
1980. Awassi breed has been well accepted by Ethiopian 
farmers due to its similar physical appearance to that of 
local breeds. In the first four years of Awassi ram 
distribution, individual smallholder farmers were targeted. 
Later, from 1979 to 1989, the focus was shifted to 
farmers organized in cooperatives. However, no 
performance evaluation was performed in the co-
operatives, and animals were looted during the 
government change in 1991. Consequently, the co-
operatives were abolished and dismantled (Emana, 
2009) so that the focus was again changed to 
disseminate rams to individual smallholder farmers. The 
target has been on disseminating rams with 75% Awassi 
inheritance to farmers for crossbreeding with their local 
ewes aimed at replacing the local sheep breed through 
repeated backcrosses (DBSBMC, 2007).  

On-station research results on growth, reproductive 
performance and carcass performances from CADU farm  

Getachew et al.          903 
 
 
 
(Osslon and Beyene, 1990) and Sheno (now Debre 
Berhan) Agricultural Research Center (Demeke et al., 
1995) were reported. A survey by DBARC in the year 
1997 to evaluate the on-farm performance of crossbred in 
North Shewa and South Wollo districts of the Amhara 
Region exposed the total failure of ram dissemination 
(Gizaw and Getachew, 2009). It was difficult to find either 
crossbred rams or offspring from disseminated rams in 
the surveyed areas. Following that an on-farm evaluation 
of the performance of Awassi × local crossbred sheep 
under farmers’ management was commenced by DBARC 
in three villages in the highlands of Ethiopia in 1997. 
Details of the breeding program followed by DBARC are 
indicated (Gizaw and Getachew, 2009; Getachew et al., 
2013). Similarly, the Awassi × Tikur sheep crossbreeding 
started in two villages of North Wollo by Sirinka 
Agricultural Research Center in 2007.   

The ESGPIP project was implemented in collaboration 
with local universities and research centers at 2 
nucleuses and 10 Breeding, Evaluation and Distribution 
(BED) sites, established in different parts of the country 
since 2007. Their nucleus sites were used to multiply the 
imported purebred Dorper sheep and provide a 
continuous supply of pure Dorper sheep to the BED sites, 
private commercial or cooperative farms and to those 
individuals who wished to establish their own pure breed 
producing farms. At BED sites, purebred sires were 
crossed with indigenous dams to obtain F1 sires for 
dissemination to farmers. The funding of ESGPIP 
terminated in 2011 and the activities were handed over to 
local universities and research centers for further 
implementation of the crossbreeding program.  

Crossbreeding among indigenous breeds has also 
been practiced at DBARC as an alternative to the use of 
exotic genotypes for crossbreeding. Indigenous Washera 
rams were distributed in the highlands of North Shewa, 
South Wollo, North Wollo, and Gondar areas (ANRS-
BoARD, 2004). In 2005, a village-based Farta × Washera 
sheep crossbreeding program has been started 
(Mekuriaw et al., 2013) with the aim to increase 
productivity of medium sized indigenous Farta (Gizaw et 
al., 2008a) by crossing or introducing male and females 
of indigenous Washera sheep.  
 
 
GROWTH PERFORMANCE 
 
On-station performance 
 
Several studies from the on-station evaluation of growth 
performance of crossbreds using exotic (Awassi and 
Dorper) sires in different areas of Ethiopia confirmed that 
the crossbreds are superior to their local counterparts 
(Demeke et al., 1995; Olsson and Beyene, 1990; Tibbo, 
2006; Tsegay et al., 2013; Lakew et al., 2014; Tilahun et 
al., 2014). The  study  by  Olsson  and  Beyene (1990)  at 
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CADU showed that birth weight, weaning weight, and 
annual greasy wool weights improved with increased 
levels of exotic blood. Evaluation of the effect of 3 
genotypes (local Menz, 50% Awassi  50% Menz and 75% 
Awassi 25% Menz) and 2 levels of feed supplementation 
(supplemented and non-supplemented) and 2 treatments 
against internal parasite (treated and non-treated) on the 
overall productivity of sheep was carried out at DBARC 
for 10 months (Tibbo et al., 2005). At the beginning of the 
experiment (yearling age), the 75% Awassi × Menz were 
superior in live body weight than the indigenous Menz 
sheep (23.5 vs. 16.6 kg). At the end of the 10 months 
experimental period, also crossbreds performed better in 
live body weight, carcass weight, and fleece yield and 
had higher marginal profit. However, overall marginal 
profit including skin price showed that the indigenous 
Menz sheep were more profitable than the crossbreds 
due to the higher skin price compared to the crossbreds 
at that time. However, the authors explained that 
crossbreds already reached market weight of Menz 
sheep at the beginning of this experiment indicating that 
keeping those crossbred sheep for longer time can be 
costly compared to local genotypes. Indigenous Menz 
sheep and 50% Awassi showed better resistance against 
parasites compared to 75% Awassi.  

A 90 days experiment aiming to compare growth and 
carcass traits of Hararghea Highland (HH) and Black 
Head Ogaden (BHO) sheep and their crosses with 
Dorper (D) sheep with two feeding types (hay ad libitum + 
150 g day

-1
 concentrate feed and hay ad libitum + 300 g 

day
-1

 concentrate feed) at the age of about 7 months was 
carried out at Haramaya University (Tsegay et al., 2013). 
The result revealed that Dorper sired crossbred lambs 
produced from HH ewes had better growth performance 
compared to the Dorper sired crossbred lambs produced 
from BHO ewes. This might be an indication that HH 
ewes are more suitable for crossing with Dorper for 
crossbred lamb production than the BO ewes. 
Crossbreds of Dorper with both BHO and HH showed 
comparable average daily gains of 69.4 and 63.9 g day

-1
, 

respectively, in the 90 days feeding trial. Average daily 
gains in the 90 days trial for Pure BHO and HH were 40.7 
and 39.2 g day

-1
, respectively, significantly lower than 

crossbreds. The two locals were not different from each 
other. Another study at DBARC showed Dorper 
crossbred lambs produced from improved Menz ewes 
were better at birth and weaning weight (3.15 and 15.35 
kg) than crossbred lambs produced from unimproved 
Menz (2.87 and 13.86 kg) (Goshme et al., 2014). 
Weaning, six months and yearling weights of 50% Dorper 
crossbreds were much higher with values of 14.95, 
20.43, and 31.37 kg, respectively compared to the 
corresponding values for local breed in North Wollo 
lowland areas of Ethiopia with values of 8.53, 11.92, and 
22.38 kg, respectively (Lakew et al., 2014). Feedlot 
performance of 25 and 50% Dorper  crossbred  was  also 

 
 
 
 
superior to the local sheep breeds (Tilahun et al., 2014).  
Growth performance of Menz sheep and their crosses 
with either indigenous Bonga or Washera sheep were 
studied at DBARC (Lemma et al., 2014a). The result 
revealed that Bonga × Menz showed better growth 
performance compared to pure Menz and Washera × 
Menz, whereas the latter two genotypes were not 
different from each other.  
 
 
On-farm performance 
 
The first report from an on-farm trial in Ethiopia was by 
Hassen et al. (2002) who compared 37.5% Awassi 
crossbreds and local breeds at one of the crossbreeding 
villages called Serity. Live weights were recorded at birth 
and then monthly until 210 days. In all the 
measurements, crossbreds performed better than local 
breed except for weight on 90 days where both crossbred 
and local were not significantly different. Results from 
another village (Chiro) showed that growth of lambs to 
yearling age increased as the Awassi level increased 
under farmer’s management. Yearling weight of local 
Wollo, 25 to 50% Awassi and above 50% Awassi was 
about 22, 26, and 35 kg, respectively (Gizaw and 
Getachew, 2009). Based on the combined analysis from 
the three villages (Serity, Negasi-Amba, and Chiro), 
37.5% Awassi was recommended for small holder 
farmers (Gizaw et al., 2014). However, the authors 
suggested further study in this regard since the data size 
for high grade crosses is comparatively small.  

In 2005, a village-based Farta × Washera sheep 
crossbreeding program has been started by Andassa 
Livestock Research Center in Lay Gaint and Farta 
districts of South Gondar (Mekuriaw et al., 2013) aiming 
to increase productivity of medium sized Farta (Gizaw et 
al., 2008a) by crossing or introducing male and female 
Washera sheep. Improvement program on indigenous 
Farta sheep using indigenous Washera breed indicated 
that growth performance of crossbred was better than the 
pure Farta sheep (Mekuriaw et al., 2013).  
 
 
REPRODUCTIVE PERFORMANCE AND LAMB 
SURVIVAL 
 
On-station performance 
 
Mating of related individuals was unavoidable due to 
small flock size, leading to inbreeding depression. The 
inbreeding rates per generation derived from the number 
of breeding males and females were 6.1% at Debre 
Berhan and 32.5% at Amed Guya (BoA and ARARI, 
2001). Based on the data at DBSBMC collected from 25 
Awassi rams and 92 different matings between the year 
2009 and 2013, number of ewes lambed per ewe  mating 



 
 
 
 
 
was on average 37% with a range of 10 to 77.5%.  

Demeke et al. (1995) carried out a study at Sheno 
Agricultural Research Center to evaluate the effect of 
breeds (pure Menz, Menz × Corriedale and Menz × 
Awassi) and feed supplement (grazing and grazing + 300 
g concentrate supplement day

-1
) on reproductive 

performances. The authors reported that age at first 
lambing and the proportion of ewes lambed was not 
influenced by genotype and supplementary feeding, 
whereas body weight at conception was influenced by 
both factors and the interaction of the two. Crossbreds 
respond more to supplementary feed than pure Menz 
breed. Awassi × Menz and Corriedale × Menz crossbred 
lambs were heavier at birth compared to pure Menz 
lambs. The overall effect of supplementation was not 
significant on lamb birth weight. However, breed by 
feeding analysis showed lambs from supplemented pure 
Menz and Awassi crosses ewes were heavier at birth 
than their counterpart lambs born from the non-
supplemented ewes. Olsson and Beyene (1990) reported 
a comparable performance of crossbreds in litter weight 
and lamb survival whereas in total weaning weight of 
lambs per ewe lambed were increased with increasing 
level of exotic genes up to 50%. 
 
 

On-farm performance 
 

Age at first lambing, lambing interval, ewe post-partum 
weight, number of lambs born ewe

-1
 year

-1
, and number 

of lambs weaned per ewe
-1

 year
-1

 and lamb survival of 
local and their crosses with Awassi and Corriedale based 
on the data from the three villages, Serity (Chacha), 
Negasi-Amba (Menz) and Chiro (Wollo) were studied 
(Getachew et al., 2013, 2015). A total of 71 farmers and 
more than 6000 lambing records were used for the 
analysis. Crossbred ewes had exotic level of 25 to 
~50%. The results revealed that crossbreds showed 
inferior performance for age at first lambing, lambing 
interval, and number of lambs born ewe

-1
 year

-1
 than local 

breeds in all locations. However, crossbred and local 
ewes were similar in number of lambs weaned per ewe 
per year. Lambing interval of local ewes ranged from 
227.1 days in Wollo to 260 days in Menz and of Awassi 
cross ewes ranged from 249.7 in Wollo to 329.4 days in 
Menz. Corriedale crosses found only in Wollo site 
showed comparable reproductive performance with local 
ewes under farmer management. Crossbreeding increased 
ewe postpartum weight by 21.5% in Wollo, which was 
higher compared to 16.4% in Menz and 9.5% in Chacha. 
Though vary by location crossbred, lambs had better pre-
weaning survival than local lamb (Getachew et al., 2015).  
 
 

SKIN, WOOL AND MILK  
 

Indigenous   sheep   breeds,  particularly  those  from  the 
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Ethiopian highlands, are reputed to have one of the best 
quality skins for leather products having fine natural 
qualities of clarity, thickness, flexibility, strength, and 
compact texture (Mahmud, 1999). It is hypothesized that 
crossing exotic genotypes with indigenous breeds for 
improving growth might negatively affect important 
leather characteristics. Skins from Awassi × Menz 
crossbred sheep are either sold at lower prices or are 
rejected completely. Tibbo et al. (2005) found that the 
market price of skin of the indigenous, Menz, sheep was 
3 to 4 times higher than 50 and 75% Awassi. However, 
skin quality studies (considering percent elongation, 
tensile strength, size of skin) confirmed that there is no 
evidence supporting the suspected inferiority of skins 
from crossbreds up to 50% inheritance of exotic Awassi 
and Dorper (Getachew et al., 2011; Teklebrhan et al., 
2012). Tibbo et al. (2005) reported crossbreeding 
increased fleece yield of Menz sheep by 147% when 
upgraded to 50% Awassi-Menz and 218% when 
upgraded to 75% Awassi–Menz levels.  

In one of the crossbreeding villages (Chiro), farmers 
showed interest to use sheep milk while it is unusual to 
consume sheep milk in other highland areas. Based on 
informal interviews with farmers and measurements of 
milk yield (few observations), in a good season, a ewe 
can produce in the range of 0.5 to 1 L of milk per day. 
Further investigation is required to see the possibility of 
using Awassi crossbreds for milk production.   
 
 
FARMERS’ PERCEPTION ON BREED IMPROVEMENT  
 
Farmers in Ethiopia showed keen interest to adopt and 
implement breeding programs when they found them 
working and benefitting them. However, depending on 
their level of experience and capacity, farmers might 
support either crossbreeding or pure breeding. Farmers 
are interested in adoption of sheep crossbreeding due to 
the fast growth of crossbreds compared to their local 
sheep breeds in the Awassi × Menz and Farta x Washera 
crossbreeding attempts in the highlands of the Amhara 
region (Taye et al., 2011; Teferra et al., 2014). A 
workshop and field visit of the community based Menz 
sheep breeding program in the highlands was held with 
higher officials and different stakeholders engaged in 
livestock breeding on January 15, 2014. The program 
has been implemented by DBARC in collaboration with 
ILRI-ICARDA-BOKU and detailed (Haile et al., 2011). 
The aim of the workshop was to strengthen the idea of 
delineating Menz area for pure breeding based on the 
indigenous Menz breed as the poor feed resource base 
of the area could not support larger exotic genotypes. 
Farmers clearly explained that they are benefiting from 
the community based pure breeding program. Farmers 
also explained that a previous introduction of larger 
breeds in the area showed adaptation problems.  
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Considering the interest of farmers and the performance 
of sheep in the field the team agreed to support the idea 
of farmers of strengthening the ongoing community 
based pure breeding program in such areas. 
 
  
BENEFITS AND ADOPTION OF SHEEP 
CROSSBREEDING  
 
A survey based economic evaluation of Awassi x Menz 
and Awassi x Wollo crossbred sheep was performed and 
the extent of diffusion of Awassi crosses from three 
crossbreeding villages in Angolelana Tera, Menz Gera 
and Legambo districts were studied (Teferra et al., 2014). 
A total of 208 farmers, 71 starters (got initial breeding 
ram from research center), 63 co-farmers (start 
crossbreeding by buying crossbreds from the starters) 
and 74 non-users (they do not have crossbred sheep in 
their flocks) were considered in this study. Low input 
small holder farmers participating in the pilot village 
crossbreeding program were able to improve their 
income and livelihood. Similarly, the farm Africa goat 
development project in Kenya showed that the exotic 
Toggenburg goat performed well under low input farmers 
conditions and improved the income of smallholder 
farmers in Kenya and Tanzania (Peacock et al., 2011). In 
all locations, crossbreds were superior in market price 
compared to their corresponding locals at similar age and 
under similar management. For example the price (in 
Ethiopian Birr) of crossbred vs. local ram lambs was 319 
vs. 171, 362 vs. 177, and 497 vs. 180 in Angolelana 
Tera, Menz Gera and Legambo, respectively (Teferra et 
al., 2014). In one of the Awassi crossbreeding villages, 
farmers started to produce genetic material and they are 
serving as sources of breeding rams. The positive impact 
of crossbreeding on their livelihood was mentioned by 
almost all farmers in the three locations. Increased 
proportion of crossbreds over time showed the 
acceptance of crossbreeding (Gizaw et al., 2014; Teferra 
et al., 2014). Proportion of crossbred sheep in the project 
participant farmers flocks in Angolelana Tera, Menz 
Gera, and Legambo districts was 63.6, 42.1, and 64%, 
respectively. The proportion of crossbreds in flocks of co-
farmers was also comparable, with proportions of 47.8, 
35.6%, and 54.7 % in respective villages.  
 
 
GENERAL DISCUSSION 
 
Choice of breed 
 
In developing countries, acceptance of new breeds by 
farmers is influenced not only by their productive 
performances but also by non-production traits like 
beauty and appearance of the animal (Ndumu et al., 
2008) and cultural values (Leroy et al.,  2015).  Traits  like 

 
 
 
 
coat color, tail type, horn and ear size of sheep can also 
have significant influence on price in the predominant live 
animal marketing (Tadesse, 2009). At the beginning, 
exotic breed introduction targeted wool and meat 
production that overlooked the preference of farmers for 
appearance of sheep. Ignoring farmer preference led to 
low acceptance and resulted in low up-take rates. 
Introduction of Awassi sheep from Israel considered the 
preferred physical appearance. This breed is developed 
for milk and used as a triple purpose for meat, milk and 
wool (Pollott and Gootwine, 2004; Galal et al., 2008; 
Gürsoy, 2011). The improved Israeli Awassi is 
characterized by producing the highest amount of milk, 
having highest fertility and twinning rate, and heaviest 
body weight among all Awassi populations (Galal et al., 
2008). Promoting a new market for sheep milk in the 
future in the Ethiopian highlands where traditionally this 
product is not consumed would be an extra advantage. 
However, at present looking for meat line Awassi (if any), 
or selection for meat traits among the crossbred 
population would be more beneficial due to the expected 
potential risk of mastitis and other udder problems when 
using high producing dairy Awassi  for crossbreeding in 
areas where no sheep milking is done.  
 
 
Breeding ram multiplication and dissemination 
 
Efficient multiplication and dissemination of appropriate 
genotypes is one of the core elements in a breed 
improvement program. Until now introduction and 
maintaining of exotic breeds, as well as multiplication and 
dissemination of crossbreds are mainly mandated to 
government farms. Managing animals in government 
farms characterized by high level of lamb mortality 
(Getachew et al., 2015) suffered from inbreeding due to 
small numbers of exotic animals and diseases (e.g. 
maedi-visna) associated with confinement. In addition, 
low fertility with natural mating in the farms, lack of 
infrastructure and logistics (e.g. shortage of mating pens) 
restricted efficiency of improved ram multiplication. 
Fertility level observed for Awassi breed in Ethiopia are 
lower than the fertility of Awassi in the Middle Eastern 
countries ranging between 60 to 95% (Gursoy et al., 
1995; Galal et al., 2008). Ahuya et al. (2005) reported the 
previous government approach based on multiplication 
and dissemination of exotic bucks from government 
farms failed to bring anticipated change. Learning from a 
previous non-successful Ethiopian dairy goat project 
(Ayalew et al., 2003), the German Development 
Cooperation (GIZ) and FARM Africa initiated a 
community approach which was led by farmers and 
became more successful in significantly improving the 
livelihoods of resource poor families in Kenya (Peacock 
et al., 2011). As mentioned earlier community based 
breeding   ram   production   has   starred   in  one  of  the 



 
 
 
 
 
crossbreeding village. It seems more feasible in reducing 
higher level of mortality associated with confinement and 
budget limitation under on-station management. 
However, comparative advantages of ram multiplication 
at farmers’ management need to be assessed. Its 
sustainability depends on the technical and infrastructural 
support from government and other institutions.  

Efficiency of breeding ram dissemination to the 
targeted production unit also found unsatisfactory. An 
informal survey in 1997 in South Wollo and North Shewa 
to evaluate the on-farm performance of crossbreds 
exposed that there were no any apparently crossbred 
sheep found even though a significant number of rams 
were disseminated to farmers (Tibbo, 2006; Gizaw and 
Getachew, 2009). Disseminated crossbred rams were 
castrated, found in farmers having no or few breeding 
ewes, or sold after castration (Gizaw and Getachew, 
2009). Thus the predominant practice of selling crossbred 
rams to individual farmers does not seem suitable for 
smallholder situation. Firstly, farmers tempted to sell 
crossbred rams for their short term need and keeping and 
managing such a big animal might be difficult for a 
farmer. Secondly, rams were underutilized due to small 
flock size. Furthermore, ram dissemination was not 
focused to specific areas and the effort of crossbreeding 
was diluted. Instead of selling rams to single farmers, 
devising schemes involving communal use of breeding 
rams which have been successfully implemented in the 
community based sheep breeding programs (Gizaw and 
Getachew, 2009; Haile et al., 2011; Gizaw et al., 2014) 
should be considered. Insufficient knowledge of farmers 
and unreliable external support were also mentioned as 
limitations leading to low adoption rates of crossbreeding.  
 
 
Performance of crossbreds 
 
Better growth performance and lamb survival of Awassi 
and Dorper crossbreds (Gizaw and Getachew, 2009; 
Tsegay et al., 2013; Tilahun et al., 2014). In the range of 
inferior to comparable reproductive performances were 
reported for crossbred ewes (Getachew et al., 2013; 
Lemma et al., 2014b). The inferiority of Awassi crossbred 
ewes in age at first lambing and lambing interval are 
mostly more than compensated by the relative larger size 
of ewes resulted in better ability of crossbred ewes to 
raise their lambs to weaning age (Olsson and Beyene, 
1990; Tibbo, 2006; Getachew et al., 2013, 2015). The 
observed performance levels found in this review seem 
lower than the potential of the breed in its breeding tract 
(Rihawi et al., 2010; Üsünter 2013). These low 
performances for both local and crossbred sheep in 
Ethiopia suggest that output can be increased by 
improving environmental conditions. Local breeds may 
sometimes be unprofitable as they have limited genetic 
capacity to respond  to  an  improved  management.  The 
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local Awassi managed by Bedouin farmers in the 
southern dry region of Israel also remain unprofitable and 
economic assessment showed that traditional extensive 
sheep farming in low input system based on the local 
Awassi breed was not positively contributing to family 
income and nutrition however still regarded as cultural 
benefit (Valle Zárate et al., 2009). The introduction of 
improved Awassi (Afec-Awassi) was successful and 
made these flocks profitable (Gootwine et al., 2009). 
Similarly, the introduction of different ram breeds in 
extensive semi-arid regions of Argentina improved 
carcass yield and conformation with varying performance 
among sires (Álvarez et al., 2010).  
 
 
Genotype by environment interaction 
 
Crossbreeds have been benefiting Ethiopian small holder 
farmers due to their fast growth. Higher price of Awassi 
crossbreds (about double) compared to locals under 
farmer management is a clear indication of benefit. 
Similarly in Kenya, crossbreeding between Dorper and 
Red Maasai sheep has been used by a majority of 
farmers in Kajiado district and are playing important role 
for the livelihood of the people (Liljestrand, 2012). 
However, presence of genotype by environment 
interaction on performances of sheep has been well 
documented in Ethiopia (Demeke et al., 1995; Getachew 
et al., 2013; Getachew et al., 2015), Kenya (Baker et al., 
2002; Zonabend et al., 2014) as well as cattle in tropical 
countries (Galukande et al., 2013). For example, in 
Kenya, in the poor environment both local and 
crossbreds had about the same body weight whereas in 
the other site (better environment and market oriented 
farmers) Dorper and crossbreds had superior weight 
(Zonabend et al., 2014). Those variable research results 
on the performance of crossbreeding based on location, 
genotype and management suggested that the 
importance of differential recommendations for different 
locations and careful delineation of crossbreeding area.  
 
 
Safeguarding indigenous genetic resources 
 
Erosion of the diversity of domestic animals due to 
natural cause and human activity is considered as one of 
the serious concerns to sustain the production levels and 
addressing the change in demand of future market 
(Shrestha and Fahmy, 2005). Due to the massive 
introduction and multiplication of Awassi and Dorper 
sheep, large number of crossbred rams might be 
expected to be disseminated to farmers in wider areas of 
the country. This might have great potential to contribute 
to improve productivity of smallholder sheep if planned 
and utilized appropriately. On the other hand, they 
present a threat if  they  are  able  to  dilute  the  adaptive 
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indigenous genetic resources. Red Maasai sheep in 
Kenya, which is well known for its maternal traits, disease 
and drought tolerance are currently at high risk due to the 
massive introgression of Dorper genes (Muigai et al., 
2009) and  currently requires breeding program to 
conserve the breed (Zonabend et al., 2014). Thus, 
delineating crossbreeding areas and controlling breed 
introduction should be considered as critical steps to 
reduce risk of genetic dilution due to indiscriminate 
crossbreeding. Crossbreeding might focus on sheep 
populations along the roads, near towns and cities, near 
market places and buffer zones between two 
geographically separated areas as those populations are 
mixed and non-descript. Conservation priorities set for 
Ethiopian sheep breed considering genetic and non-
genetic factors (Gizaw et al., 2008b) need to be 
consulted for the decision. Crossbreeding among 
selected indigenous breeds might also be helpful to 
reduce the effect of genetic dilution expected from 
indiscriminate crossbreeding by use of relatively higher 
genetic distant of the exotic breeds. 
 
 
Choosing appropriate crossbreeding program 
 
Sustainability of crossbreeding program highly depends 
on the choice of appropriate breeding scheme (Leroy et 
al., 2015). Once crossbreeding areas are delineated, 
alternative breeding programs should be evaluated and 
selected based on their genetic progress, inbreeding 
level, cost and feasibility under smallholder situation. In 
addition, access and continuous supply of breeding stock 
plays crucial role in choosing breeding strategy (Leroy et 
al., 2015). Combining different merits of the indigenous 
breeds would also be helpful to develop more productive 
ewe line which would help to increase productivity in 
terminal crossbreeding using specialized meat sire 
breeds. Gizaw et al. (2014) also suggested terminal 
crossbreeding as an alternative to upgrading as the later 
takes long time and seem complex under farmers’ 
situation. This would allow to exploit the benefit of all 
possible heterosis effects while conserving the 
indigenous breeds (Scholtz and Theunissen, 2010). 
However, it requires setting up straight breeding 
programs for the local and exotic breeds to supply the 
parent populations. The feasibility of terminal 
crossbreeding might hampered by low levels of 
organization in small holder environments so that the 
performance of the exotic sires for terminal crossbreeding 
as well as its feasibility under small holder situation has 
to be evaluated before implementation. 
 
  
Improving efficiency of reproduction 
 
Recent  attempt  of  estrus  synchronization  and  artificial  

 
 
 
 
insemination (AI) in station and farmers sheep flocks in 
Ethiopia provides an opportunity for rapid multiplication of 
crossbred population. Efficiency of the government farm 
(DBSBMC) is too low due to poor fertility of the natural 
mating of Awassi rams to Menz ewes and shortage of 
mating pens. Estrus synchronization and AI would help to 
increase the number of crossbred lambs and help in 
adjusting lambing time to a better season. Furthermore, 
the use of pure Awassi semen in the farmers flock 
shortens the upgrading time and reduces complexity 
associated with upgrading. The success and limitations of 
the use of AI and other reproductive technologies in 
tropical countries has been discussed in detail 
(Galukande et al., 2013). 
 
 
Farmer participation, institutions, and other 
operational issues 
 
Adoption of crossbreeding technologies and increased 
crossbreed population in farmers flock (Taye et al., 2011; 
Teferra et al., 2014) and continuous introduction of exotic 
breeds are indicators of the interest of the government to 
relay on crossbreeding. Gizaw et al. (2013) reported in a 
review that a total of 26 sheep research projects have 
been supported by the National Institute of Agricultural 
Research and in the field of breeding, nutrition, health 
and marketing and 10 of them were focusing on Dorper 
(n=9) and Awassi (n=1) crossbreeding. However, there is 
no national sheep breeding strategy to lead and control 
the breeding programs (Gizaw et al., 2013) except 
attempts to develop sheep breeding guidelines in the 
regional states to some extent. Recent establishment of 
Livestock and Fishery Minister at national level showed 
that the focus for livestock development has been 
increased. Long-term commitment of national 
government, conducive policies, good development plan, 
and organized effort of institutions are crucial for success 
and sustainability of livestock development (Haile et al., 
2011; Rege et al., 2011; Wurzinger et al., 2011). 
However, poor integration among institutions, lack of 
knowledge about livestock improvement at each level 
and absence of breeding programs are drawbacks for the 
success of breeding programs (Sölkner et al., 1998; 
Kosgey et al., 2006; Gizaw et al., 2013). Crossbreeding 
programs should be devised at national level considering 
the agro ecological potential of the areas, level of the 
community, level of farmers’ participation and sociological 
factors (Sölkner et al., 1998; Philipsson et al., 2011; 
Peacock et al., 2011; Wurzinger et al., 2011; Leroy et al., 
2015). 
 
 
CONCLUSION 
 
This review paper revealed that growth  and  reproductive  



 
 
 
 
 
performances of crossbreds greatly vary and are 
influenced by many factors like management, location, 
dam breed used for crossing, and breed composition 
levels. Both under station and farmers management, 
Awassi based crossbred lambs outperformed their local 
(Menz and Wollo) contemporaries in some of the North 
Shewa and Wollo highland areas of the Amhara region, 
Ethiopia. Dorper crossbreds performed well under station 
management; however, its wider dissemination should be 
based on their performance under farmer’s management. 
More complete analyses considering the total inputs and 
outputs of flocks in the smallholder systems of Ethiopia 
are required to draw firm conclusions for particular 
scenarios. Unfortunately such data are not available for 
most crossbreeding programs in Ethiopia. Gebre et al. 
(2014) have employed dynamical systems analysis to 
find whether genetic improvement of body size is 
profitable in a community based pure breeding system of 
the Menz area. The authors concluded from the 
simulations that genetically bigger animals are more 
profitable under constant management and fattening of 
young rams is also more profitable compared to the 
current state. It is likely that results will be similar for fast 
growing crossbred animals compared to the unimproved 
Menz sheep if prolificacy and fertility of the crossbreds 
are not worse compared to purebred Menz. Delineating 
crossbreeding areas considering breed preference of 
farmers, climatic conditions and potential for feed, market 
and health service development should be prerequisite to 
start crossbreeding.  

Efficient and easy crossbreeding systems which 
maximize ram multiplication in the breeding units and 
efficient ram dissemination to the production units should 
also be devised. The appropriate proportion of 
indigenous and exotic breeds considering the existing 
management needs to be determined for different areas. 
Long-term strategies to achieve and maintain the optimal 
genotypes need to be devised. Experience of 
implementing community based sheep breeding either 
based on pure breeding or crossbreeding reveals that the 
success of any breeding program mainly depends on the 
full farmers’ participation, continuous commitment and 
integrated effort of institutions. Continuous research and 
development interventions are crucial to develop and 
optimize crossbreeding scheme, replicate and scale up 
the models, establish pedigree and performance 
recording, determine appropriate level of admixture, and 
devise appropriate management for each areas. 
Optimizing the breeding programs considering new 
products (like milk and wool) created from crossbreeding 
might be helpful to increase the overall benefit but should 
be considered in relation to potential market demand.  
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The state of Mato Grosso is the main grain producer in Brazil, and weeds occurrence remains the major 
obstacle in the production of these grains, also increasing herbicide consumption. The aim of this 
study was to assess 2, 4-dichlorophenoxyacetic acid and Glyphosate (N-phosphonomethyl-glycine) 
herbicides mixture persistence in soybeans of Ultisol in the Brazilian Cerrado. The study was 
conducted in a greenhouse with randomized blocks experimental design consisting of 6x5 factorial, six 
application periods (0, 3, 5, 7, 10 and 14 days before sowing), five herbicide doses (0, 750 , 1500, 2250 
and 3000 g ia. ha

-1
) and four repetitions. Herbicides were sprayed with a knapsack sprayer. Residual 

effect was assessed through emergence speed index (ESI), plant height, visual phytotoxicity and dry 
biomass of shoot and root. Results showed that, according to the decrease in the interval between 
herbicide application and soybean seeding, the residual effect of products was higher. As the dose 
increased, higher was the plant phytointoxication, influencing in the reduction of emergence speed, 
shoot dry matter, root dry matter and plant height, and negatively acting on crop development. 
 
Key words: Pesticides, residual effect, sowing, soybean.  

 
 
INTRODUCTION 
 
Grain production in Brazil was 209 million tons, of which 
the Brazilian Midwest region accounted for 42% of 
production. According to Conab (2015), it is the main 
agricultural region in the country. Weeds occurrence 
remain a major obstacle in the production of these grains. 
Among weed management possibilities, the chemical 
method is still the most popular. According to the National 

Health Surveillance Agency (Anvisa, 2013), the Brazilian 
market of pesticides expanded in 190% in the last 
decade, more than twice the global market (93%). 

Growth has primarily been accompanied by herbicides 
use (Peres, 2009) due to the influence of important crops, 
such as soybean. Soybean is the main crop responsible 
for agricultural chain and livestock commercial viability in
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Table 1. Chemical and particle size characterization of an Ultisol sample in the 0-0.20 m depth layer. 
 

pH P K Ca Mg H Al SB CTC V O.M sand silt clay 

CaCl2 mg dm
-3

 ----------Cmolc dm
-3

--------- % g dm
-3 

--------g kg
-1

------- 

4.1 2.4 28 0.3 0.2 4.2 1.1 0.6 5.9 9.8 22.7 549 84 367 

 
 
 
the Midwest, as it also serves as raw material for the 
production of animal feed for cattle, swine and poultry 
(Aprosoja, 2013). The state of Mato Grosso is the largest 
national producer of grains, and this growth has also 
been associated with pesticides intensive use, both for 
weed control and pre-planting desiccation (Mapa, 2010; 
Conab 2015). 

Indiscriminate use of herbicides favors the increase of 
tolerant individuals in the area and resistant species 
selection, diminishing efficiency and causing 
environmental pollution, aspects that demand 
optimization in pesticides use and distribution (Chiras, 
1995; White, 1997; Cunha et al., 2005; Weed Science, 
2014; Pacheco, 2012). Glyphosate and 2,4-
dichlorophenoxyacetic acid (2,4-D) are officially the most 
sold in the whole national territory (Ibama, 2009). 2,4-D 
was the first selective herbicide and is widely used for 
weeds pre or post-emergence application in various 
crops (Ibama, 2009). 

Glyphosate is a post-emergent herbicide belonging to 
the substituted glycine chemical group. It is toxic to 
aquatic organisms and slightly toxic to soil organisms, 
birds and bees, besides being little bioaccumulative 
(Rebelo et al., 2010). 2,4-D is a growth regulator which 
has a similar effect to auxin hormone (Ashton and Crafts, 
1973). It belongs to the phenolic compounds family, 
being salts or esters of high molecular weight and low 
volatility derived from phenoxyacetic acid (Saad, 1978). 
Flaws in the control of certain weed species by 
Glyphosate use has led farmers to use other herbicides, 
such as 2,4-D, one of the most used in this association, 
especially in pre-planting desiccation application (Takano 
et al., 2013). The objective of the present study was to 
assess 2,4-D and Glyphosate herbicides persistence in 
an Ultisol of the Cerrado, and also to assess their effects 
on soybeans. 
 
 
MATERIALS AND METHODS 
 
The experiment was conducted in a greenhouse (temperature 
between 19-50o C) located at 16°28' South latitude, 50°34' West 
longitude and altitude of 284 m. The experimental design was of 
randomized block, consisting of a 6X5 factorial, six application 
periods before sowing (0, 3, 5, 7, 10 and 14 days before sowing), five 
2,4-D doses (0 , 750, 1500, 2250 and 3000 g ia. ha-1) and a constant 
dose of glyphosate (4000 ia. ha-1), with four repetitions. 

Each experimental unit consisted of pots with 5 dm3 soil capacity 
and eight TMG 132 cv. (seeded at 5 cm depth) soybean plants. The 
soil used was an Ultisol (EMBRAPA, 2013) collected in the region of 
Rondonópolis, MT state, in the depth of 0 to 0.20 m, being 
subsequently sieved in a 4 mm mesh for insertion in the experimental 

units. The soil was characterized by chemical and size analysis, 
according to the methodology of Embrapa (1997) (Table 1). The soil 
was maintained at 80% field capacity moisture, for the gravimetric 
method, according to the methodology of Bonfim-Silva et al. (2011). 

Herbicide spraying was carried in pre emergency, out with a 
knapsack sprayer equipped with XR 11002 and syrup consumption 
corresponding to 200 L ha-1. The persistence of these herbicides in 
the soil was assessed through emergence speed index (ESI), 
soybean visual phytotoxicity, with scores ranging from 1 to 5 (where 1 
corresponds to no injury and 5 to plant death) (SBCPD 1995), plant 
height (cm), shoot biomass dry matter - BDM (g) and root biomass 
dry matter - BDM (g) at 26 days after sowing, at the end of the study. 
Statistical analysis was conducted in accordance with the polynomial 
regression model. 

 
 

RESULTS AND DISCUSSION 
 
Emergence speed index (ESI) was influenced in all 
assessed dosages, being statistically different (Figure 1). 
The only emergence speed index which was unaffected 
by dose was 0, due to herbicides absence (Figure 1a). 
Increasing doses along the periods showed that the 
period of 0 days before sowing was the one which 
reduced emergence the most in all applied doses, being 
more severe as the dose was increased (Figure 1b). 

Similar results were observed by Nascimento and 
Yamashita (2009), in which species sensitive to auxinic 
herbicides showed linear decrease in plant emergence as 
doses were increased. In the periods of 7 and 10 days 
before sowing (Figure 1a), the interval between spraying 
and seeding gave higher emergence speed to the 
maximum dose of 3000, and the dose of 2250 g e. a. ha

-1
 

obtained the lowest plant emergence mean. This result 
may be related to 2,4-D mechanism of action, as it is a 
herbicide characterized for being similar to auxin. 
According to Mortensen et al. (2012), 2,4-D acts as a 
herbicide for dicotyledonous weed species control. 
However, it also has hormonal action, acting as a 
synthetic auxin that can be used as plant growth 
regulator. 

The highest herbicide doses (3000 and 2250 g e. a. ha
-

1
) were the most harmful to crop initial development in 

periods closer to spraying. These results were also found 
by Silva et al. (2011), where the shorter period between 
application and sowing (0 days before sowing) showed 
lower plant emergence. Phytotoxicity visual symptoms 
found (leaves shriveling and petioles epinasty) were 
observed in all treatments. 

Plant injury effect (Figure 2) over the periods was 
higher at 0 days before sowing, and intensified as there 
was an increase of doses (Figure 2a), even in the lowest
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Figure 1. Emergence speed index. Treatments interaction with doses 
over the periods (a) and treatments interaction in the periods between 
sowing and spraying, according with the increasing doses (b). ***, **, *: 
significant a 01, 1 e 5% respectively. 

 
 
 
dose used. The effect had a decrease as spraying was 
distanced from seeding, and at 14 days before sowing, 
the 3000 g e. a. ha

-1 
dose still was the most harmful to 

the crop. Phytotoxicity may be related to higher plant 
exposure from the germination stage. This result 
corroborates with those found by Silva et al. (2011), in
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Figure 2. Phytointoxication. Treatments interaction with doses over the 
periods (a) and treatments interaction in the periods between sowing and 
spraying, according with the increasing doses (b). ***, **, *: significant a 01, 
1 e 5% respectively. 

 
 

which it was observed that the highest phytotoxicity 
values were during periods closer to soybean seeding, 
leading to phytotoxic effects to the crop as a result of 
residues of this herbicide in the medium texture soil. 

Regarding periods, according to each dose, the effect  

was similar for 0 days before sowing, regardless of the 
dose used. That is, the shorter the period between 
spraying and sowing, higher was the appearance of 
symptoms, as shown in Figure 2b. Injuries increased 
according with the dose increases at 0 days before
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Figure 3. Plant height: Treatments interaction with doses over the periods 
(a) and treatments interaction in the periods between sowing and spraying, 
according with the increasing doses (b). ***, **, *: significant a 01, 1 e 5% 
respectively. 

 
 
 
sowing, and as the dose was increased, higher were the 
symptoms. Similar behavior was observed at 5, 7, 10 and 
14 days before sowing. Some studies have reported 2,4-
D phytotoxicity in several cultures, alone or mixed with 
other herbicides, as observed by Nascimento and 
Yamashita (2009). The authors observed phytotoxicity of 
species that were sown in a substrate with the mixture of 

2,4-D and other herbicides. Similar results were observed 
in 2,4-D pre-emergence application by Reis (2010), in 
which there was higher phytotoxicity as the doses 
increased, causing negative effects on plants. 

In the plant height parameter (Figure 3), the only 
statistically significant treatments were the highest doses 
(2250 and 3000 e. a. ha

-1
), and the only application



Peres-Oliveira et al.          917 
 
 
 

 
 

Figure 4. Shoot dry matter. Treatments interaction with doses over the periods 
(a) and treatments interaction in the periods between sowing and spraying, 
according with the increasing doses (b). ***, **, *: significant a 01, 1 e 5% 
respectively. 

 
 
 

interval that had lower plant height was at 0 days before 
sowing. From the following periods (3, 5, 7, 10 and 14 
days before sowing), the herbicide mixture did not cause 
harm to plant height (Figure 3a). Santos et al. (2013) 
observed plant height decrease in plants that are 
sensitive to auxinic herbicides, with this variable being 
inversely proportional to the increase in the dose of the 
2,4-D herbicide, in a short interval between product 

application and seeding. 2,4-D herbicide is of short 
persistence in the soil, allowing the sowing of crops that 
are susceptible to it two weeks after application 
(Rodrigues and Almeida, 2011). 

In the study of Silva et al. (2011), all application periods 
showed reduced plant height. Shoot dry matter (Figure 4) 
achieved better increases in more distant periods 
between spraying and seeding (Figure 4a).  The  0  dose,
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Figure 5. Root dry matter. Treatments interaction with doses over the 
periods (a) and treatments interaction in the periods between sowing and 
spraying, according with the increasing doses (b). ***, **, *: significant a 01, 
1 e 5% respectively. 

 
 
 

without herbicides mixture, performed better, followed by 
the lowest dose (0.750 g e. a. ha

-1
). Mixture highest 

doses (2250 and 3000 g e. a. ha
-1

) showed better 
development in the periods of 5 and 10 days before 
seeding, respectively. 

The assessment of doses applied over the days (Figure 
4b) showed that the lowest dry matter index occurred at 0 
days before sowing. That is, the closer spraying and 

seeding are, the lower the crop development. The highest 
shoot dry matter increase occurred at 14 days before 
sowing. Similar results were obtained by Reis (2010), 
who observed that 2,4-D doses increase gradually 
reduced shoot green and dry matter development in corn 
crops. In the root dry matter parameter (Figure 5), days 
between each applied dose (Figure 5a) showed that root 
dry   matter   was   influenced   by  the  distance  between 



 
 
 
 
seeding and herbicides spraying in both applied doses. 
The highest number of days between spraying and 
seeding provided better root development, which is 
reflected on their weight. Thus, the root system has 
undergone lower development at shorter herbicide 
application intervals and increased root growth at 14 days 
before sowing. 

2,4-D and Glyphosate herbicides have deleterious 
effect on soyben as bioindicator plants, influencing in the 
reduction of plant dry biomass, height and germination 
percentage due to their persistence in the soil. Similar 
results were found by Silva et al. (2011), where dry 
matter biomass was reduced in all treatments, with the 
lowest values being observed at 0 days before sowing. 
There was no statistical difference for 2250 and 3000 
doses regarding application periods. 

In the doses applied throughout the days (Figure 5b), 
there was no statistical difference to the doses at 3, 5 and 
7 days before sowing. With respect to 0 days before 
sowing, the lowest herbicide dose could cause low root 
development. In the interval of 14 days before sowing, 
there was product dose increase in periods that were 
more distant from application. 
 
 
Conclusion 
 
Glyphosate and 2,4-D residual effect is more evident in 
soybean plants, as the interval between application and 
sowing decreases. Increased doses act negatively on 
crop development, providing higher phytotoxic effect and 
influencing all other parameters. Desiccation with 2,4-D 
and Glyphosate close to soybean sowing causes 
phytotoxic effects to the crop and dry biomass reduction 
due to the residue of this herbicide in the soil 
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The aim of this study was to determine how lipids, total soluble sugars and starch are degraded during 
the germination process of crambe seeds (FMS Brilhante Cultivar). The experiment consisted of 
collecting seeds during every day of the germination test (0, 1, 2, 3, 4, 5, 6 e 7 days) during which were 
also held the germination counts. After collection, the proportion of seeds and / or seedlings was 
designed for the determination of water content, and the other part was separated to perform 
biochemical analysis. The study adopted a completely randomized design with four replications and the 
means were compared by regression analysis. Crambe seed reserves showed degradation since the 
metabolic activation with increased germination in that lipid, soluble sugars, and starch are degraded. 
 
Key words: Lipids, total soluble sugars, starch.   

 
 
INTRODUCTION 
 
The crambe (Crambe abyssinica Hochst) belonging to 
the Brassicaceae family, originated from the 
Mediterranean region with occurrence in Ethiopia, and 
being recently introduced in Brazil as an alternative to 
forage and off-season crop production (Colodetti et al., 
2012). The plant has a relatively short cycle of 90 to 120 
days, requiring approximately 52 days between sowing 
and flowering, considerable tolerance to water stress, soil 

and saline irrigation water and also resistance to low 
temperatures (Pitol et al., 2010) and productivity of 
1428,98 kg ha

-1
 (Brandão et al., 2013). The industrial use 

of crambe oil is suggested to be a raw material for 
biodiesel production because their seeds have oil content 
of up to 38% (Pitol et al., 2010) and features such as 
kinematic viscosity, density and acid value are suitable 
for biodiesel production (Silva et al., 2013).  
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The crambe oil extracted from the seed may be used 
as a lubricant in the manufacture of plastic films and in 
the drug composition. The crambe oil cannot be used for 
human consumption due to the presence of high erucic 
acid content, a long chain monounsaturated fatty acid, 
which causes damage to the heart when present in the 
human body (Colodetti et al., 2012). 

In addition to the purely industrial point of view, it 
should be considered that the yield obtained in the 
industries is potentially dependent on the quality and 
yield of plants. Thus, the germination of this kind 
becomes important to any industrial process which is 
intrinsically associated with the mode degradation of its 
reserves. The main substance stored in crambe seeds 
are lipids, but carbohydrates and proteins are also found 
into smaller proportions (Oliva et al., 2012).  
During germination, reservations are hydrolyzed and 
mobilized to embryo growth (Kucera et al., 2005). Lipids 
and carbohydrates are used as an energy source 
(Pritchard et al., 2002) and protein to provide amino acids 
for the formation of new tissues (Ramakrishna, 2007). 

Plants need to convert the more lipids stored in a 
mobile form of carbon, often as sucrose, because they 
are not able to carry fats cotyledon to other tissues during 
development of the seedlings (Taiz and Zeiger, 2013). 
According to Graham (2008) oilseeds metabolize the 
triacylglycerols stored, converting them to sucrose 
following germination. The conversion of sucrose to lipid 
in oil seed germination is initiated by starting with the 
hydrolysis of stored triglycerides lipids as free fatty acids, 
and subsequent oxidation of these fatty acids to produce 
acetyl-CoA. Fatty acids are oxidized in glioxissomo, and 
acetyl-CoA is metabolized in glioxissomo and cytoplasm 
to produce succinate, which is transported to 
mitochondria and converted to fumarate and then malate, 
and cytosolic malate is converted to glucose via 
gluconeogenesis and then as sucrose (Taiz and Zeiger, 
2013). 

Considering the importance of the degradation of 
reserves during the germination of seeds, the aim of this 
study was to determine how lipids, total soluble sugars 
and starch are degraded during the germination process 
of crambe seeds. 
 
 
MATERIALS AND METHODS 
 
Installation, experimental design and data analysis 

 
The seeds were purchased from the Mato Grosso do Sul 
Foundation. The experiment was conducted in the Germination, 
Seed Dormancy and Plant Physiology Laboratory II, of the 
Department of Botany, Biosciences Institute, UNESP – Botucatu / 
SP. The experiment consists of seeds collection during every day of 
the germination test (0, 1, 2, 3, 4, 5, 6 and 7 days) during which the 
germination counts were also held. Four replications of 50 seeds 
were placed for each treatment. After collection, the proportion of 
seeds and/or seedlings was designed for the determination of water 
content, and the other part was separated to perform biochemical 
analyzes. 
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A completely randomized design was adopted with four 
replications and the means were compared by regression analysis 
(p≤0.05). 
 
 
Seed moisture content 
 
The water content was determined by the oven method at 105 ± 
3°C for 24 h, using three replicates of 4.5± 0.5 g. The results were 
expressed on a wet basis (Brasil, 2009). 
 
 
Germination 
 
The germination test was conducted with four replications of 50 
seeds for each treatment. The seeds were placed on blotting paper, 
moistened in water for 2.5 times the mass of dry substrate, packed 
in transparent plastic boxes (11 x 11 x 3.5 cm). They were then 
placed on germination B.O.D. in alternating temperature and 
photoperiod (light - 30°C for 8 h and dark - 20°C for 16 h). 
 
 
Total soluble sugars 
 
The extraction of total soluble sugars was carried out according to 
the methodology of Garcia et al. (2006) with minor modifications. 
The seeds were pulverized with a pestle and mortar in N2 liquid. To 
obtain the alcoholic extract, 100 mg of the pulverized seeds were 
homogenized in 1 mL of 80% ethanol (v/v) and incubated for 15 min 
at 80°C. The homogenate was centrifuged at 12,000 g for 15 min at 
room temperature. At the end of centrifugation, the supernatant was 
removed and reserved. This procedure was performed three times 
for the complete removal of total soluble sugars, combining the 
supernatants from the three extractions at the end. Then, the final 
volume was adjusted to 3 ml with deionized water resulting in the 
alcoholic extract. These extract was stored in separate microtubes 
at -20°C until determination. The pellets were stored at -20°C for 
further starch extraction. 

For the determination of total soluble sugars, the methodologies 
used were taken from Morris (1948) and Yemm and Willis (1954). 
The anthrone reagent was prepared dissolving 0.1 g of anthrone in 
45 mL of sulfuric acid 95% (v/v). The reaction mixture consisted of 
50 µL of alcoholic extract + 950 μL deionized water (final volume 
1000 μL), kept in an ice bath, and 2000 μL of cold anthrone solution 
was added. The reaction mixture was incubated for 3 min at 100°C. 
After cooling, the total sugar content was determined by taking the 
absorbance at 620 nm using glucose as a standard and was 
expressed as mg per mg of dry weight. 
 
 
Starch 
 
For extraction of starch, the study followed the the method 
described by Clegg (1956) with minor modifications. The pellet, 
derived from the alcoholic extract, was homogenized in 500 µL of 
deionized water, in an ice bath. To the homogenate was added 650 
μL of 52% perchloric acid (v/v) and kept in an ice bath for 15 min 
(shaken every 5 min). Then, 2000µL of deionized water was added 
and centrifuged at 12,000 g for 15 min at 4°C.  

At the end of centrifugation, the supernatant was removed and 
reserved. This procedure was performed again, however the 
mixture containing pellet + deionized water + 52% perchloric acid 
(v/v) was kept in an ice bath for 30 min (shaken every 5 min) and 
centrifuged at 12,000 g for 15 min at 4°C. The two supernatants 
were combined at the end. These extract was stored in separate 
microtubes at -20°C until determination of starch content. The 
determination of starch content was performed like the total sugar 
determination. 
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Figure 1. Degradation of lipids during germination crambe seeds (p≤0.05). 
 
 
 

Total lipid 
 
The quantification of total lipids was performed according to the 
method of Manirakiza et al. (2001) and Ambalkar et al. (2011). To 
obtain the extract, about 1.0 to 2.0 grams of sample soaked in liquid 
nitrogen was weighed. In these samples, 100 ml of hexane was 
added, arranged in flat-bottom flasks and placed in fatty material 
extract in 3 cycles of 8 h. Subsequently, the material was filter while 
hot, and brought to a rotary evaporator for separation of solvent and 
lipids. Lipids were removed from the flasks with the aid of a Pasteur 
pipette, transferred to glass jars with lid, and subsequently weighed. 

 
 
RESULTS AND DISCUSSION 
 
The results of germination of crambe seed, obtained 
during the 7-day evaluation and the degradation 
reservations are presented in tables. It can be seen that 
seed germination process started on the third day of 
evaluation.  

The data relating to lipid content in the seeds set to a 
decreasing quadratic regression equation, indicating that 
there has been rapid consumption of reserves during the 
germination period from the first day after the metabolic 
activation (Figure 1). 

In Cucumis sativus L. the degradation of lipids started 
on the 2nd day after germination, leaving only 3% of total 
initial six days. This rapid degradation begins with the 
emergence of the radicle and ends with the complete 
expansion of the cotyledons (Matsui et al., 1999). 
However, according Suda & Giorgini (2000) this pattern is 
unusual when compared to other oil seeds, in which the 
lipid content remains unchanged during the initial period 
of germination, diminishing. It was observed in 
Arabidopsis thaliana (L.) that the degradation of lipid 
reserves is inhibited in the presence of soluble sugars 
such as glucose and sucrose, and in general stemmed 
starch metabolism (To et al., 2002). 

The total soluble sugar seeds also exhibit marked 
reduction during the initial stage of germination, during 
imbibition (Day 1), indicating their use in breathing, with 
subsequent stabilization of cotyledons between 3 and 6 
days (Figure 2) and decrease in the seventh day. Borges 
et al. (2002) and Buckeridge and Dietrich (1996) verified 
the consumption of sucrose and raffinose during 
germination and Sesbania marginata, Platymiscium 
pubescens, respectively, considering the first two 
reservations of soluble sugars to be used. The data 
relating to starch content in the seed set to a downward 
quadratic regression equation indicates the intake and 
mobilization of reserves during the germination period 
(Figure 3). According to Magalhaes et al. (2010), starch 
provides glucose to be used both as air for breath, to 
generate electricity, and to compose physical structures 
for embryo growth during germination phase. 

In summary, crambe seed germination lipids, soluble 
sugars and starch are degraded quickly providing energy 
for the development of the embryo during germination, 
which is completed at 7 days after metabolic activation, 
when observing the emission of the primary root. Thus, 
while lipid reserves are considered slow in degradation, 
crambe seed process starts from the moment the seeds 
are placed in contact with water and the metabolism is 
activated. 
 
 

Conclusion 
 

Crambe seed reserves had degradation since the 
metabolic activation with increased germination in that 
lipid, soluble sugars and starch are degraded. 
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Figure 2. Degradation of total soluble sugar during germination crambe seeds (p≤0.05). 

 
 
 

 
 

Figure 3. Degradation of starch during germination crambe seeds (p≤0.05). 
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This investigation was conducted to determine the productivity and water use efficiency (WUE) for new 
sunflower genotypes obtained from selfing and induced mutation. Ten sunflower genotypes were 
evaluated under drip irrigation using two treatments of irrigation (100 and 75% from water requirement 
of sunflower). Statistical analysis showed that there were significant differences among genotypes, as 
well as between irrigation treatments and the interaction between them. Results indicate that 
decreasing the amount of irrigation water from 1500 to 1130 (mm/ha) significantly reduced all studied 
traits. Mutation (M2,1-63) surpassed all the other genotypes in seed yield and WUE. Lines which gave the 
highest yield of the seed have WUE under drought conditions higher than WUE under normal irrigation. 
The lowest depression in seed yield due to drought conditions compared to the seed yield under 
normal irrigation has been registered for Line 20, Line M2,1-63, and Sakha 53 genotypes (11, 18, and 
16%, respectively), but the highest depression recorded for Line 48, Line M2,3-63, and Line M2,4-63 (49, 
46, and 43%, respectively). The genotypes (Line 20, Line M2,1-63 and Sakha 53) are more tolerant to 
drought than others and we can used its in breeding program to develop  sunflower hybrids suitable for 
cultivation under drought condition. 
 
Key words: Sunflower genotypes, water use efficiency, mutation, inbred lines. 

 
 
INTRODUCTION  
 
Available water is a limited factor for the expansion of 
agriculture in the desert which occupied about 93% of the 
total area in Egypt. The development of new genotypes 
of crops having the ability to be tolerant to drought is the 
useful way to expand in the desert cultivation using 
modern irrigation systems. 

Sunflower (Helianthus annuus L.) is one of the four 
most important oil crops in the world (Demir et al., 2006). 
Because of its moderate cultivation requirements and 

high oil quality, its acreage has increased in both 
developed and developing countries (Skoric, 1992). In 
Egypt, great emphasis must be given towards this crop to 
decrease the gap in oil production. Sunflower oil is highly 
demanded not only for human consumption, but also for 
chemical and cosmetic industries. In respect of total yield 
produced, water requirements of sunflower are relatively 
high as compared to most crops. Despite its high water 
use, the crop has the ability to withstand short  periods  of  
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Table 1. The genotypes evaluated in this investigation. 
 

Genotype Source 

Line 20 S5 (selfing of Maiak variety) 

Line 48 S5 (selfing of Maiak variety) 

Line 61 S5 (selfing of Maiak variety) 

Line 63 S5 (selfing of Maiak variety) 

M2,1-63 Mutation from Line 63 

M2,2-63 Mutation from Line 63 

M2,3-63 Mutation from Line 63 

M2,4-63 Mutation from Line 63 

Maiak Parent of above genotypes 

Sakha 53 Commercial variety (as a check variety) 

 
 
 

severe soil water deficit of up to 15 atmosphere tensions. 
Long periods of severe soil water deficit, particularly, at 
water-sensitive growth stages cause significant reduction 
in seed yield (Beyazgul et al., 2000) by limiting 
evapotranspiration (ET) through stomata closure, 
reduced assimilation of carbon and decreased biomass 
production (Demir et al., 2006). 

It has been shown that, sometimes, periods of reduced 
growth may trigger physiological processes that actually 
increase yield (Smith et al., 2002). Severe water deficits 
during the early vegetative growth result in reduced plant 
height, but may increase root depth. Adequate water 
during the late vegetative period is required for proper 
bud development. The flowering period is the most 
sensitive to water deficits which cause considerable yield 
decrease since fewer flower come to full development 
(Beyazgul et al., 2000; Ali and Shui, 2009). Seed 
formation is the next most sensitive period to water 
deficit, causing severe reduction in both yield and oil 
content (Doorenbos and Kassam, 1979). Although 
sunflower is known to be a drought tolerant crop or grown 
under dry land conditions, substantial yield increases can 
be achieved by supplementary irrigation, which is one of 
the most effective strategies to mitigate the effects of dry 
spells in crop production (Fox and Rockstrom, 2000; Xiao 
et al., 2007). 

The objective of this study was to determine the 
productivity and water use efficiency (WUE) for new 
sunflower genotypes obtained from selfing and induce 
mutation. 
 
 
MATERIALS AND METHODS 
 
This work started in 2009 at the Farm of Plant Production 
Department, El-Kufra City, Garyonus University, Libya by planting 
the open pollinated cultivar "Maiak" (H. annuus L.) on 20th March, 
2009. A total of 500 plants were grown in a non-replicated 
experiment in rows set of 60 cm apart with 20 cm between plants 
within a row. Just before flowering, the 100 plant were selected, 
selfed, and tagged. After harvest, the best (S1) heads were saved 
and regrown in a non-replicated experiment on 1st July, 2009 to 

obtain S2 achene. Selfing and selection were repeated twice in 
2010 and 2011 until the S5-generation. Four inbred lines (S5) were 
thus recovered from the open pollinated cultivar "Maiak", namely 
(Line 20, Line 48, Line 61, and Line 63). In addition, four new 
mutants, namely, M2,1-63, M2,2-63, M2,3-63, and M2,4-63 were 
obtained from treating the seeds of inbred line-63 (S3) with gamma 
rays (Co60 source) at three doses, namely, 70, 100, and 150 Gy and 
the seeds were planted in the field a day after irradiation to 
obtained M1-63. The phenotypical observations and biometrical 
measurements were made during the vegetation period. Part of the 
plants, produced from treatment with gamma rays were isolated in 
paper bags and self-pollinated in order to obtain M2. The four inbred 
lines, four new mutant forms along with the base population Maiak, 
and a check cultivar Sakha-53 were evaluated under drip irrigation 
using two treatments of irrigation (100 and 70% from water 
requirement of sunflower). The experiment was conducted in  
Randomized Complete Block Design using split-plot arrangement 
with three replications at EL Wady EL Assiuty Farm, Faculty of 
Agriculture, Assiut University where the soil is sandy calcareous. 
Drip irrigation was used in this farm. Irrigation has been placed in 
the main plot and genotypes in the sub plot. Date of planting was 
on 13th June, 2012. The experiment unit was one row, 5 m long, 
and set 50 cm apart with 25 cm distance between plants within a 
row. Days to 50% flowering were recorded on plot mean basis. At 
harvest, ten random plants/plot from each genotype were collected 
to record the following traits: plant height (cm), head diameter (cm), 
achene yield/plant (g), and weight of 100 seed (g). 

Seed oil content was determined by Soxhlet apparatus using 
petroleum ether (40 to 60°C) as a solvent according to AOAC 
(1995). Seed yield (kg/ha) calculated from all plants in row then 
WUE value was calculated according to the equation: 

 

)/(

)/(
)(

hammwaterApplied

hakgyieldSeed
kglmmWUE 

 
 
 
Genotypes and irrigation treatments 
 
Ten genotypes of sunflower were evaluated under two treatments 
of irrigation: (1) I1 = Application of 100% from water requirements 
(1500 mm/ha)/season; (2) I2 = Application of 75% from water 
requirement (1130 mm/ha)/season (Table 1). 

All other agronomic practices were done according to the 
recommendations for growing sunflower production in Egypt under 
sandy soil. Statistical analysis was done according to Gomez and 
Gomez (1984) for all of the studied traits. 



Mahmoud and Ahmed          927 
 
 
 

Table 2. Studied traits for sunflower genotypes under normal and drought conditions. 
 

Genotypes 

Plant height (cm) 
 

Head diameter (cm) 
 Achene yield 

(g/plant) 
 100-Achene weight 

(g) 

Irrigation 
Mean 

 Irrigation 
Mean 

 Irrigation 
Mean 

 Irrigation 
Mean 

11 I2  11 I2  11 I2  11 I2 

Line 20 184.0 179.0 181.5  17.7 16.3 17.0  41.0 35.3 38.2  7.3 6.7 7.0 

Line 48 139.0 130.7 134.8  16.3 13.3 14.8  42.3 31.0 36.7  7.9 6.6 7.3 

Line 61 171.7 160.0 165.8  17.3 14.7 16.0  43.0 35.3 39.2  7.5 7.1 7.4 

Line 63 100.0 75.0 87.5  7.0 5.7 6.3  9.7 7.3 8.5  3.0 2.7 2.9 

M2,1-63 160.0 158.3 159.2  18.0 15.7 16.8  44.7 36.3 40.5  6.2 5.7 6.0 

M2,2- 63 153.0 117.7 135.3  13.3 11.7 12.5  18.7 14.0 16.3  4.4 5.2 4.8 

M2,3-63 156.0 144.3 150.2  15.3 11.3 13.3  35.7 19.3 27.5  5.9 4.2 5.1 

M2,4-63 145.0 115.0 130.0  13.3 11.0 12.2  39.7 22.7 31.2  6.7 4.5 5.6 

Sakha53 157.3 161.3 159.3  16.7 15.7 16.2  36.0 30.0 33.0  7.2 6.5 6.9 

Maiak 168.3 161.7 165.0  17.7 16.3 17.6  35.0 33.3 34.2  7.5 6.8 7.2 

Mean 153.4 140.3 -  15.3 13.2 -  34.6 26.5 -  6.4 5.6 - 

                

L.S.D0.05                

G - - 4.8  - - 1.1  - - 1.6  - - 0.2 

G×I - - 6.8  - - n.s  - - 2.3  - - 0.3 

                

Genotype 

Seed yield (kg/ha)  WUE (Kg/mm)  Oil (%)  

Irrigation 
Mean 

 Irrigation 
Mean 

 Irrigation 
Mean 

 

I1 I2  I1 I2  I1 I2  

Line 20 1721.7 1540.0 1630.8  1.15 1.35 1.25  42.3 34.3 38.3  

Line 48 1779.7 908.0 1343.8  1.19 0.80 0.99  30.3 38.3 34.3  

Line 61 1813.0 1148.0 1480.5  1.21 1.01 1.11  30.7 39.7 35.2  

Line 63 405.7 310.3 358.0  0.27 0.27 0.27  45.3 44.0 44.7  

M1-63 1820.7 1488.0 1654.3  1.22 1.34 1.27  32.7 37.7 35.2  

M2- 63 784.0 588.0 686.0  0.52 0.52 0.52  39.7 36.7 38.2  

M3-63 1497.7 812.0 1154.8  1.00 0.71 0.86  45.3 30.0 37.7  

M4-63 1665.7 951.7 1308.7  1.11 0.83 0.97  39.7 40.7 40.2  

Sakha53 1512.0 1267.3 1389.7  1.03 1.11 1.07  34.3 33.0 33.7  

Maiak 1552.7 1228.0 1390.3  1.04 1.08 1.06  41.3 40.3 40.8  

Mean 1455.3 1024.1   0.97 0.91   38.2 37.5 -  

             

L.S.D0.05             

G - - 125  - - 0.08  - - 0.8  

G × I - - 177  - - 0.11  - - 1.2  

 
 
 

RESULTS AND DISCUSSION  
 
Statistical analysis showed that there were significant 
differences among genotypes, as well as between 
irrigation treatments and the interaction between them. 

The results in Table 2 indicate that decreasing the 
amount of irrigation water from 1500 to 1130 mm/ha 
significantly reduced all studied traits. It seems evident 
that subjecting sunflower plants to water deficit, through 
reducing the amount of irrigation water reduced all growth 
parameters,   probably   due  to  impairing  photosynthetic 

process which could have been decreased by the drastic 
decrease of leaf relative water content. In this concern, 
Khalilv and Yarnia (2007) reported that drought stress 
conditions increased stomatal resistance as a result of 
relative closing of stomata; consequently, this condition 
increases the total resistance of the given plant against 
its H2O movement in comparison to CO2. Afkari (2010) 
showed that the application of water deficit stress 
decreased significantly plant height, seed number per 
head, leaf water potential, leaf area index, leaf relative 
water content, stomatal resistance, and harvest index.
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Figure 1. Water use efficiency for sunflower genotypes under drought and normal conditions. 

 
 
 

 
 

Figure 2. Seed yield (kg/ha) and percentage of yield shortage due to drought for sunflower 
genotypes under drought and normal conditions. 

 
 
 
These results are in agreement with those obtained by 
Mehrpouyan et al. (2010), Kassab et al. (2012), and Öner 
et al. (2014). 

The present data in Table 2 clearly show differences 
among the sunflower genotypes under study with respect 
to all studied traits. In this regard, Mutation (M2,1-63) 
surpassed all the other genotypes in seed yield and 
WUE. The conspicuous differences among the genotypes 
suggest the presence of genetic differences and this 
illustrates the use of selfing and inducing the mutations in 
the creation of new recombination differ significantly from 
its parents. The results obtained by Encheva et al. (2008) 
and Alahdadi et al. (2011) confirm our findings.  

The interaction between irrigation treatments and 
genotypes was significant in all studied traits except for 
head diameter. It is evident  from  Table 2  and  Figures 1 

and 2 that the lines which gave the highest yield of the 
seed (Line M2,1-63 and Line 20) have WUE under drought 
conditions higher than WUE under normal irrigation. This 
observation was also in commercial variety (Sakha 53). 
The lowest depression in seed yield  (Figure 2) due to 
drought conditions as compared to the seed yield under 
normal irrigation has been registered for Line 20, Line 
M2,1-63, and Sakha 53 genotypes (11, 18, and 16%, 
respectively), but the highest depression recorded for 
Line 48, Line M2,3-63 and Line M2,4-63 (49, 46, and 43%, 
respectively). So, the genotypes (Line 20, Line M2,1-63, 
and Sakha 53) are more tolerant to drought than others 
and it can be used in breeding program  to develop 
sunflower hybrids suitable for cultivation under drought 
condition. Kassab et al. (2012) found that variety Sakha 
53 gave  WUE  under  drought  condition  higher  than  its 



 
 
 
 
under normal irrigation. 
 
 
Conclusion 
 
Self-pollination and mutagenesis are effective ways to get 
the new genetic differences in sunflower.  Genotypes 
Line 20, Line M2,1-63, and Sakha 53 are more tolerant to 
drought than others and it can be used in breeding 
program to develop sunflower hybrids suitable for 
cultivation under drought condition. 
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This study was done to determine the influence of herd mortality on off-take rates through face to face 
interviews of 308 smallholder cattle producers from Dr RSM District Municipality, North West. Most 
deaths were caused by diseases (50%) and drought (34%). Producer’s gender had no influence on herd 
performance and off-take even though extension ward with higher proportion of women had higher 
mortality and lower off-take rates. The sale of steers decreased significantly (P<0.05) as the death of 
adult animals as well as that of the overall herd increased. Herd off-take also declined as mortality of 
suckling calves as well as that for overall herd, increased. Herd mortality logically reduces stock and 
therefore suppresses sales. It is recommended that herd mortality should be monitored through animal 
recording to improve the competitiveness of small-holder production systems.  
 
Key words: Adult mortality rates, causes of death, cattle producers. 

 
 
INTRODUCTION 
 
Recent population census revealed that cattle production 
especially small herds comprising 1 to 10 head of cattle, 
plays an important role in rural livelihoods (Statistics 
South Africa, 2013). Small-holder cattle producers in 
South Africa own 40% of the national herd (RMRDT, 
2008), but are less productive than commercial 
producers. Even though the low competitiveness of this 
sector has been partially attributed to low off-take rates 
(Tapson, 1990; Scholtz and Bester, 2010), risk factors 
contributing to this poor performance have not been 
identified. According to Swai et al. (2010), tick-borne 

diseases were the main cause of deaths in small-holder 
dairy cattle in Tanzania. It is well known that high 
mortality of young stock is an indicator of low productivity 
among small-holder producers in Africa (ILCA, 1982). 
Diseases causing deaths among young calves are often 
attributable to poor management (Mansour et al., 2014; 
Wudu et al., 2008). Scholtz and Bester, (2010) also 
estimate high herd mortality amongst South Africa’s 
small-holder cattle producers, which Meissner  et al. 
(2013) cite as liable for poor productivity and low off-take 
rates. The calculation of herd mortality requires elaborate 
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Table 1. Distribution of farmers according to extension ward and gender. 
 

Extension ward Number farmers Age head Years of experience Herd size % Herd mortality % Herd sales 

 M/F M/F M/F M/F M/F M/F 

Taung North 41/36 63.7/53.9 19.7/15.2 16.1/15.6 16.6/9.6 25.6/20.1 

Mean 77 59.2
a 

17.7
a
 15.9

a
 13.4

a
 23.1

a
 

       

Ganyesa 105/30 55.1/60.7 23.0/21.1 45.1/31.2 7.6/ 9.0 13.7/14.6 

Mean 135 56.3
b
 22.6

b
 42.7

b
 7.9

b
 13.9

b
 

       

Morokweng 86/10 48.6/63.1 20.9/24.9 50.0/26.5 8.6/10.2 10.9/4.4 

Mean 96 50.8
b
 21.2

ab
 46.5

b
 8.9

b
 9.9

b
 

       

Total 232/76 54.3/58.4 20.9/20.9 42.6
a
/24.1

b
 9.4/9.5 14.6/15.0 

 308 56.8 20.9 35.3 10.0 15.0 

SE - 0.97 1.02 1.99 1.18 0.96 
 

Values with different superscripts differ significantly (P <0.05). 

 
 
 
data (Woodbury et al., 2005; Swai et al., 2010). However, 
crude death, which is the total number of animals found 
dead  in a specified population during a specified period 
divided by the average number of animals in that 
population in that specified period, are the most 
commonly used form of measuring mortality (Putt et al., 
1988). The North West Province is prone to drought, 
which tends to be severe in the western areas. Previous 
studies found no significant shifts in cattle sales during 
droughts in West Africa (Fafchamps et al., 1998) and 
Kenya (McPeak, 2004). It was hypothesize that cattle 
producers would dispose other categories of animals in 
favour of females. The purpose of this study was to 
determine the relationship between crude herd mortality 
and off-take rates. 
 
 
MATERIALS AND METHODS 
 
This study was conducted in the Dr Ruth Segomotsi Mompati 
(RSM) District Municipality of the North West Province. A random 
sample of 308 was selected from a list of 1700 cattle farmers from 
the District Department of Agriculture and Rural Development. 
Three wards of Taung North (25%), Morokweng (31%), and 
Ganyesa (44%) were used as strata to draw proportionate samples. 
A questionnaire aimed at capturing cross-sectional data on factors 
affecting cattle off-take for 2011 breeding season was developed 
and administered through face to face interviews with respondents. 
The instrument containing 73 questions ranging from demographic 
data to production data including mortality and sales was 
administered between May and July, 2012. The interviews lasted 
for 45 min with each respondents. Crude herd mortality was 
calculated using the following equation: number of deaths during 
2011/average of opening and closing herd sizes in 2011 × 100. 
Calculations for mortality were first made according to animal 
categories within the herd to distinguish suckling calves (pre-wean) 
from  weaners and adult animals. Off-take rate was calculated as 
number of sales during 2011/average of opening and closing herd 
sizes during 2011 × 100. For this purpose, animals were 
categorized as bull, ox, cow, heifer, bullock, and steer.   

Data were analyzed using IBM SPSS statistics 22 (2013). 
Descriptive statistics were computed using frequencies and means 
to determine patterns between variables. Herd sizes were classified 
according to categories suggested by Tapson (1990) where herds 
of less than 10 were regarded as small. The GLM multivariate 
analysis was performed to test effect of farming area and farm level 
variables on herd mortality and off-take rates. Means were 
separated using least significant differences (LSD) tests. 
Correlation analysis was performed to measure associations 
between herd mortality and herd off-take. 

 
 
RESULTS AND DISCUSSION 
 
The majority (76%) of respondents were males, 82% of 
whom lived at home. The age of household heads ranged 
from 24 to 86 with an average of 57 years. The majority 
(46%) of respondents belonged to middle age of between 
45 and 65 although seniors (>65) constituted a significant 
proportion of the population (34%). These households 
owned herds ranging from one to 169 with an average of 
35 head of cattle. The average calving rate was 55% 
ranging from 5.6 to 100% whilst herd mortality ranged 
from 0.5 to 94.8% with an average of 10%. Herd off-take 
rates ranged from 2.7 to 66.7% with an average of 15%. 
The herd dynamics in the study area were atypical of the 
lower levels reported in other studies of South African 
small-holder cattle (Tapson, 1990; RMDT, 2008; Scholtz 
and Bester, 2010). 

Table 1 shows that female farmers owned significantly 
smaller herds than men (P<0.05). However, except 
tendencies for women experiencing lower calving rates 
(P<0.09), no significant differences were observed 
between men and women regarding herd performance. 
However,   farmers from the Taung North extension ward 
had the highest proportion of female farmers  who owned 
smaller herds than other farmers (P<0.05). Previous 
studies  have  shown  that  there  is  a  strong  correlation
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Figure 1. Distribution of herds according to causes of deaths among small-holder herds in Dr 
Ruth Segomotsi Mompati District Municipality (N=173). 

 
 
 

Table 2. Average crude herd mortality rates by herd size. 
  

Herd category Pre wean (N=101) Weaner (N=94) Adult (N=176) Herd (N=214) 

1-10(N=40) 2.51 3.14
a
 12.23

a
 18.16

a
 

11-30(N=117) 1.99
 

1.99
ab

 4.84
b
 8.63

b
 

31-70(N=99) 2.16 1.72
b
 4.75

b
 8.12

b
 

>70(N=52) 2.02 1.01
b
 3.08

b
 6.12

 b
 

SE 0.30 0.30 0.77 1.06 
 

Values with different superscripts differ significantly (P<0.05). 

 
 
 

between women’s economic opportunities and access to 
affordable, safe food (EIU, 2012; MuGeDe, 2014). The 
predominance of female farmers in Taung North 
suggests that cattle production plays an important role in 
meeting household needs. Although not significantly 
different from the Morokweng ward, farmers from Taung 
North were less experienced than those from Ganyesa 
(P<0.05). Furthermore, these farmers experienced higher 
herd mortality but sold the highest proportion of stock 
than other farmers (P<0.05). This apparent low herd 
performance in the Taung North extension ward is a 
matter of concern, because it affects female headed 
households with relatively limited resources.  

Most (41%) of the respondents utilized exotic cattle 
breeds and non-descript types (33%) in their herds, while 
only 26% utilized indigenous breeds. Approximately 70% 
of the herds experienced 10% average mortality during 
2011 ranging from 0.5 to 94.8%. Figure 1 shows that 
most deaths were caused by diseases (50%) followed by 
drought (34%). The study area has experienced severe 
drought since 2008, which may explain the high 

incidence of drought related deaths among adult animals 
as well as high mortality among small herds. The 
incidences of dystocia related death could also be 
attributed to the high adoption rate of exotic breeds, 
which produce large framed calves. 
Previous studies showed that most deaths occur among 
young animals (Swai et al., 2010) and tends to decline for 
yearlings and rise afterwards (Fiore et al., 2010). This 
trend is confirmed in our study showing higher mortality 
rates for pre-wean calves, a decline for weaners and a 
rise for adults (Table 2). Small herds had significantly 
higher crude herd mortality rates (18.16%) than other 
herd size categories and mortality rates improved 
significantly with larger herd size categories(P<0.05). 
Weaner mortality rates of small herds differed 
significantly (P<0.05) with those for all herd size 
categories except medium size (11-30). Small herds (1-
10) had significantly higher mortality rates for both old 
animals and total herd than other herd size categories 
(P<0.05).  

The effect of drought and other sources of  income  and 

50.87% 

2.89% 
6.94% 

34.10% 

3.47% 
1.73% 

Chart Title 

Disease

Injury

Dystocia

Drought

Poisonous plants

Other
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Table 3. Relationship between crude mortality rates and off-take rates. 
 

Parameter  Pre weanmortality Adultmortality Herdmortality Steeroff-take 

Adult mortality 0.242** - - - 

Herd mortality 0.595** 0.881** - - 

Steer sale -0.036 -0.123* -0.131* - 

Herd off-take -0.150** -0.103 -0.147* 0.265** 
 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). 

 
 

 
asset shocks has been widely reported (Kinsey et al., 
1998; Fafchamps et al., 1998; McPeak, 2004). Some of 
these studies found no significant shifts in cattle sales 
during droughts in West Africa (Fafchamps et al., 1998) 
and Kenya (McPeak, 2004). Contrary to expectation, our 
study did not find a significant correlation between herd 
mortality and the sale of cows. However, the sale of 
steers decreased significantly (P<0.05) as the death of 
adult animals as well as that of the overall herd increased 
(Table 3). Furthermore, herd off-take also declined as 
mortality of suckling calves as well as that for overall 
herd, increased. These results imply the loss of calves 
reduces the number of available steers for the markets. 
Similarly, the death of old animals especially cows 
reduces the number of calves to be raised for the market 
and thus affecting the overall herd off-take, such that 
fewer animals become available for sale when herds 
experience high mortality.  Some studies reported high 
off-take rates associated with the adoption of animal 
health practices (Muma et al., 2009; Hüttner et al., 2001) 
where stock is culled to acquire remedies. In our study, 
90% of respondents reported that they always vaccinate 
their animals for notifiable diseases and dose animals for 
parasites. It can therefore be inferred that the adoption of 
animal health practices is in place, which suggests that 
cattle producers in the study area use disease incidences 
as a herd management tool. These results imply that 
herds with high mortality rates have limited stock to sell. 
 
 
Conclusions 
 
This study has provided a descriptive analysis of crude 
herd mortality rates in the study area. Even though the 
Taung North extension ward has a high proportion of 
female farmers and smaller herds, gender did not show 
significant influence on both herd mortality and off-take. 
The results confirm previous findings showing curvilinear 
pattern where mortality rates plummet for weaner calves. 
Diseases are the main causes of deaths in the study area 
followed by drought. It was also concluded that the 
considerable mortality incidences resulting from dystocia 
is a sign of a high adoption of exotic breeds, which are 
liable for large-framed calves. 

Larger herds of more than 10 head of cattle had 
significantly lower mortality rates than smaller ones. It 

was therefore concluded that larger herds are more 
efficient than small herds in terms of mortality rates 
across all animal age categories. Finally, it is evident that 
herd mortality influences herd off-take rates. The 
inclusion of herd mortality data in animal recording 
systems may enhance the monitoring of small-holder 
production systems and thus improve competitiveness. 
The high mortality rates for old animals should receive 
focused extension efforts to improve disease 
management and implement a drought management 
strategy.  
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The effect of drought stress on Abscisic acid (ABA) on roots and root characteristics of three alfalfa 
varieties (Aohan, Zhongmu No.1 and Suntory) was studied. The study was conducted in greenhouse of 
the Chinese Academy of Agricultural Sciences (CAAS), Beijing, China from September 2014 to May 
2015. Alfalfa varieties were exposed to four irrigation levels of water-holding capacity viz 100% (w1) 
(control); 85% (w2); 70% (w3) and 55% (w4), which were considered as deficit irrigation treatments. The 
results showed that ABA was significantly affected by deficit irrigation treatments during different plant 
growth stages. With the exception of 90 and 105 days after transplanting, ABA increased after 
transplanting up to harvest in all treatments. Increasing deficit irrigation showed significant increase in 
ABA content in roots of alfalfa. The minimum content of ABA was obtained from w1 (44 ng/g.FW) and 
then increased to 56.6, 64.6 and 94.4 ng/g.FW for w2, w3 and w4 respectively on 105 days after 
transplanting. Moreover, the results showed that ABA content was differently affected among different 
varieties of alfalfa under different water stress levels. The maximum ABA content was 83.2, 61.7 and 
49.9 ng/g.FW obtained with Aohan, Suntory and Zhongmu No.1 varieties respectively, at 105 days after 
transplanting. Highest water stress w4 (55%) reduced root length by 20.92%, lateral roots by 20.71%, 
root fresh biomass by 43.79% and root dry biomass by 37.96%. The root to shoot ratio was 1.9 times 
higher in water stressed plants compared with the control, indicating that water stress in alfalfa is 
affected more shoot growth than root one. 
 
Key words: alfalfa, deficit irrigation, Abscisic acid (ABA), root characteristics. 

 
  
INTRODUCTION 
 
In recent years, drought has becomes a leading threat to 
agriculture in the world (Loss and Siddique 1994; Grando 
and Ceccarelli 1995). It is one of the main environmental 
stresses that limits plant growth and production (Lawlor 
and Cornic, 2002; Martínez et al., 2003; Tadina et al., 

2007; Ren et al., 2007; Wu et al., 2009). Drought affects 
many Medicago species (Chebouti et al., 2001; 
Bouizgaren et al., 2011). Plants can avoid drought by 
having a root system adapted to drought (Morgan et al., 
1986; Liu et al., 2005). 
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Roots are the first part of a plant to sense water stress 
and its growth affects the answer to drought cues 
(Shimazaki et al., 2005). Root characteristics are defined 
as root length, root laterals number and root diameter are 
very important for good plant stand (Nanjo et al., 1999). 
Effect of water stress on root growth was studied in 
different crops such as wheat (Pritchard et al., 1991), 
maize (Wu and Cosgrove, 2000; Shimazaki et al., 2005) 
and barley (Sahnoune et al., 2004). One adaptation by 
plants to drought is the change in root to shoot ratio 
(Turner, 1997). Drought decreases growth of amaranth 
(Amaranthus spp.) in both root and shoot, but with less 
effect on root growth (Liu and Stützel, 2004). Lateral 
roots are one of the root system components which play 
an important role in water absorption. The development 
of lateral roots and growth are affected by complex 
interactions of different factors such as, environment, 
development and hormones (Casimiro et al., 2003; 
López-Bucio et al., 2003; Malamy, 2005). One important 
factor that affects the growth and development of roots to 
tolerate the environment such as water, drought, salt, 
cold, light, and temperature is ABA hormone (Signora et 
al., 2001; Sharp and LeNoble, 2002). ABA hormone is a 
key hormone that confers tolerance to environmental 
stresses. Plants increased ABA content when placed 
under water stress which effectively closes stomata to 
protect plants from adverse effects of drought (Schroeder 
et al., 2001; Rock et al., 2010; Mori and Murata., 2011) 
and to enhance drought resistance in crops (Schroeder et 
al., 2001; Wang et al., 2005; Shinozaki and Yamaguchi-
Shinozaki, 2007). This study was conducted to evaluate 
the effects of deficit irrigation on abscisic acid content in 
roots and root characteristics of alfalfa. 
 
 
MATERIALS AND METHODS 
 
Plant material and destructive samples 
 
The experiment was conducted in the green house of Animal 
Science Institute, Chinese Academy of Agricultural Sciences 
(CAAS), Beijing, China from September 2014 to May 2015.The 
treatments comprised of three varieties of alfalfa (Medicago sativa 
L.) viz Aohan, Zhongmu No.1 and Suntory. Seeds were germinated 
first on wet filter paper in petri-dishes. Four plants seeding were 
transplanted to each pots-culture (25 x 30 cm) with10 kg clay soil 
(pH 7.7%, organic matter 9.2 g kg-1, total P 0.7 g kg-1, total K 19 g 
kg-1, bulk density 1.3 g cm-3 and field capacity 30%). The varieties 
were evaluated under four irrigation levels of water holding capacity 
viz: w1 (100%), w2 (85%), w3 (70%) and w4 (55%). The full water 
holding capacity w1 was considered as normal irrigation, while the 
other treatments w2, w3 and w4 were considered as deficit 
irrigation. Irrigation water was application (manually) commenced 
from the first day of transplanting and continued for the whole 
growing period of alfalfa (195 days). 

Pot moisture contents measured daily by using HH2 moisture 
meter version 4.0 (Delta- T Devices Ltd. UK) to maintained the 
percentage of water-holding capacity (100, 85, 70 and 55%). 
Samples of roots were collected every 15 days and immediately 
frozen in liquid nitrogen and then stored at -80 0C for further ABA 
extraction and analysis. Samples of roots were carefully removed 
from  the  pot  and  washed  several  times  in  water  to  obtain  the 

 
 
 
 
complete roots. ABA was then extracted and purified according to 
Dobrev and Kaminek (2002) method and analyzed as described by 
Albacete et al. (2008). One homogenized gram of fresh root weight 
was placed in 5 ml of cold mixture of methanol, water and formic 
acid at pH 2.5 and was separated by centrifuging (20 000 g for 15 
min after overnight extraction at -20°C. The root material was then 
subjected to generate more extract in 5 ml of the same solution for 
30 min. Supernatants were filtered through Sep-Pak Plus†C18 
(®Waters, Milford, MA, USA) to remove plant pigments and 
interfering lipids and evaporated to dryness. Residues were 
dissolved in 5 ml of methanol/water solution (1 to 4 ratio) using an 
ultrasonic bath and filtered by nylon membrane Millex filters (Ø 0.22 
μm) (®Millipore, Bedford, MA, USA) then put in tubes adding 
extraction solution adjusting to 1.5 ml. Analyses were carried out on 
an HPLC/MS system consisting of an Agilent 1100 Series HPLC 
(Agilent Technologies, Santa Clara, CA, USA). Equipped with 
autosampler and connected to an Agilent Ion Trap XCT Plus mass 
spectrometer using ESI (an electrospray interface). It was filtered 
with Millex filters and injection, 100 μl of each fraction. For 
quantification of ABA calibration curves were constructed for 
component analyzed using internal standards: [2H6]cis,trans-
abscisic acid (©Olchemin Ltd, Olomouc). Root length (cm) and 
lateral roots number/plant were measured by using Scan Maker 
i800 plus (MICROTEK, shanghai, China). Fresh root biomass (g) 
was weighted with digital balance directly after sample of root 
collection and then dried at oven 60°C until a constant weight for 
determining dry biomass of roots. Root to shoot ratio were 
calculated by dividing fresh root weight by the fresh shoot weight. 

 
 
Experimental design and statistical analysis 

 
The experiment was laid out in complete randomized design (CRD) 
with four replications. Treatments were three varieties of alfalfa and 
four irrigation level of water holding capacity. Data were  calculated  
and arranged as means and analysis using one way analysis of 
variance (ANOVA) followed by Duncan’s multiple range test (P < 
0.05). 

 
 
RESULTS 
 
Deficit irrigation and Abscisic acid (ABA) content  
 
The effects of deficit irrigation treatments on the content 
of ABA in roots were shown in Figure 1. The results show 
that the content of ABA was affected by deficit irrigation 
at different plant growth stages. Increasing deficit 
irrigation showed a significant increase in ABA content. 
ABA content gradually increased with time under all 
deficit irrigation treatments until 75 days after 
transplanting. From 75 days after transplanting, ABA 
content hastily decreased under w1, w2 and w3 for 30 
days until it reached the lowest ABA content at 105 days 
after transplanting. From 105 days after transplanting 
ABA content tended to increase until harvest. Moreover, 
under w4, ABA content increased from 30 to 75 days 
after transplanting, and then declined until 90 days and 
remained to 105 days after transplanting, after that 
tended to increase until harvest. The minimum ABA 
content was obtained under w1 (44 ng/g.FW) and then 
increased to 56.6, 64.6 and 94.4 ng/g FW for w2, w3 and 
w4 at 105 days after transplanting, respectively. 

http://www.sciencedirect.com/science/article/pii/S1674205214604299?np=y#bib136
http://www.sciencedirect.com/science/article/pii/S1674205214604299?np=y#bib136
http://www.sciencedirect.com/science/article/pii/S1674205214604299?np=y#bib156
http://www.sciencedirect.com/science/article/pii/S1674205214604299?np=y#bib143
http://www.sciencedirect.com/science/article/pii/S1674205214604299?np=y#bib143
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Figure 1.  Effect of deficit irrigation on Abscisic acid content in roots of alfalfa during different days after 
transplanting.  w1, 100% of water holding capacity; w2, 85% of water holding capacity; w3, 70% of 
water holding capacity and w4,  55% of water holding capacity. In each days separately, the same letter 
are not significantly different (P < 0.05).  

 
 
 
Abscisic acid (ABA) content and varietal response 
 
The effect of alfalfa varieties on ABA content are 
presented in Figure 2. ABA content was affected by 
different varieties of alfalfa. ABA content progressively 
increased with time in all varieties up to 75 days after 
transplanting. ABA content under Zhongmu No.1 and 
Suntory decreased rapidly after 75 days after 
transplanting until reached its lowest activity level at 105 
days after transplanting while Aohan decreased 
gradually. After that all the three varieties started to 
increase in ABA content and continued with that trend 
until harvest. 

The minimum ABA content was 83.2, 61.7 and 49.9 
ng/g .FW which was obtained by Aohan, Suntory and 
Zhongmu No.1 at 105 days after transplanting 
respectively. However, Zhongmu No.1 presented the 
lowest ABA content in all times, except for 180 and 195 
days after transplanting in which was higher than Suntory 
while Aohan recorded the highest ABA content compared 
to the other two varieties.  
 
 
Deficit irrigation and root characteristics 
 
The effect of deficit irrigation treatments on root length, 
number of root laterals, fresh and dry weights of roots 
and root to shoots ratio are shown in Table 1. The results 

reveal that root length, number of root laterals, fresh and 
dry weights of roots were significantly reduced by 
increasing the deficit irrigation (P<0.05). The lowest 
reduction in root length was 9.3% followed by 12.7 and 
20.9%. The least reduction in number of root laterals was 
14.5% followed by 15.7 and 20.7%. Whereas the lowest 
reduction in root fresh weight was 9.9% followed by 11.1 
and 43.8%. However, the least reduction in root dry 
weight was 7.3% followed by 21.7 and 38% was obtained 
by w2, w3 and w4 respectively, compared with control 
plants. Root to shoot ratio was significantly increased by 
increasing the deficit irrigation (P<0.05). The maximum 
increase in root to shoot ratio was 94.3%, followed by 
78.6 and 30% in w4, w3 and w2 respectively compared to 
control treatment. 

Root diameter was not significantly increased by 
increasing deficit irrigation. Irrigation of alfalfa plants by 
55% of water holding capacity (W4) resulted in highest 
reduction in root diameter (5.3%) in comparison to the 
control plants (100% of water holding capacity). 
 
  
Alfalfa varieties and root characteristics 
 
The effect of alfalfa varieties on root length, number of 
root laterals, root diameter, fresh and dry weights of roots 
are shown in Table 2. Aohan resulted in significantly 
different root length, number of root laterals and dry root 
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Figure 2. Effect of three varieties of alfalfa on abscisic acid content, during different days after transplanting in roots 
of alfalfa. zh, Zhongmu No.1; ah, Aohan and su, Suntory. In each days separately, the same letter are not 
significantly different (P < 0.05).  

 
 
 

Table 1. Effect of deficit irrigation on root characteristics and root to shoot ratio.  
 

WHC% 

Root 

length 
(cm) 

No. of root 
lateral 

Root 
diameter 

(cm) 

Root fresh weight 
(g) 

Root 

dry weight 
(g) 

Root/shoot 

ratio 

w1 457.23
a
 1452.16

a
 0.38

a
 87.91

a
 21.00

a
 0.70

b
 

w2 418.45
b
 1241.52

b
 0.38

a
 79.18

b
 19.47

a
 0.91

ab
 

w3 399.20
c
 1224.93

b
 0.36

a
 78.15

b
 16.45

b
 1.25

a
 

w4 361.59
d
 1151.38

c
 0.36

a
 49.42

c
 13.03

c
 1.36

a
 

SE ± 17.18 41.49 0.01 5.51 0.80 0.04 
 

WHC%, water holding capacity; w1, 100% (control); w2, 85%; w3, 70% w4, 55%. The values in each column  followed by the 
same letters are not significantly different (P < 0.05). 

 
 
 

Table 2. Effect of alfalfa varieties on root characteristics. 
 

Varieties 
Root 

length (cm) 

No. of root 

lateral 

Root 
diameter 

(cm) 

Root fresh 
weight (g) 

Root dry 
weight (g) 

Root/shoot 

ratio 

Zh 428.21
b
 1202.92

b
 0.38

a
 81.18

a
 19.01

a
 1.06

a
 

Ah 357.92
c
 1145.67

c
 0.38

a
 67.69

b
 15.37

c
 1.05

a
 

Su 441.23
a
 1453.90

a
 0.35

a
 72.12

b
 18.08

b
 1.06

a
 

SE ± 14.88 35.93 0.01 4.77 0.69 0.036 
 

zh, Zhongmu No.1; ah, Aohan and su, Suntory. The values in each column followed by the same letters are not significantly 
different (P < 0.05). 



 
 
 
 
biomass, while the minimum root diameter was observed 
in Suntory. Moreover, Zhongmu No.1 presented higher 
root fresh and dry weights compared with other two 
varieties. The highest root laterals number was observed 
in Suntory while no significant difference was observed in 
root to shoot ratio among all varieties. 
 
 
DISCUSSION 
 
Abscisic acid (ABA) is a hormone that indicates to endure 
environmental conditions such as drought and high 
salinity. Our study indicated that increasing deficit 
irrigation significantly increased ABA content. These 
results are in agreement with those reported by Brodribb 
and McAdam (2011) and McAdam and Brodribb (2012) 
on ferns (Pteridium esculentum and D. antarctica) and a 
lycophyte (Selaginella kraussiana). Outlaw (2003) 
reported that during drought stress ABA concentration 
was increased up to 30- fold.  

Deficit irrigation reduced root length. This result is 
similar to that reported by Benlaribi et al. (1990); Ali Dib 
and Monneveux (1992) who attributed the reduction in 
root length and root fresh and dry weight to the reduction 
of turgor pressure in wheat. Similar results were 
observed in Albizzia seedlings (Nanjo et al., 1999), 
Erythrina seedlings (Nativ et al, 1999), Eucalyptus 
microtheca seedlings (Marron et al., 2002), and Populus 
species (Nautiyal et al., 2002). Moreover, Sacks et al. 
(1997) and Rao et al. (1993) found that under deficit 
irrigation, root growth of wheat and maize was not 
significantly reduced. The results showed that fresh and 
dry weights of roots were significantly reduced by 
increasing the deficit irrigation. Similar results were 
reported by Manivannan et al. (2007) and Lowlor and 
Cornic (2002) in pearl millet. Nicholas (1998) observed 
that in Avocado cultivars, water stress reduced the 
fibrous roots biomass. Under mild and severe water 
stress conditions, Populus species decreased root dry 
weight (Wullschleger et al., 2005). Similar results were 
observed in sugar beet (Pan et al., 2002). Furthermore, 
Amina et al. (2014) reported that drought reduced 
significantly the vegetative mass of the shoots and roots 
of wheat. Liu and Stützel (2004) observed that the effect 
of water stress was less in root growth than shoot one. 

Our results showed that root to shoot ratio was 
significantly increased by increasing the deficit irrigation.  
Other studies demonstrated that under water-stress 
conditions, root-to-shoot ratio was increased to facilitate 
water absorption (Morgan 1984; Nicholas, 1998). Also 
Sharp and LeNoble (2002) and Manivannan et al. (2007) 
related this increase in water absorption to ABA content 
in roots and shoots. 
 
 

Conclusion 
  
Our   results   demonstrate   that   ABA   was  significantly 
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affected by deficit irrigation treatments and Alfalfa 
varieties. Increasing deficit irrigation showed significant 
increase in roots ABA content. Moreover, root length, 
laterals number, fresh and dry weights of roots were 
significantly reduced by increasing the deficit irrigation. 
The results showed that the root to shoot ratio was 
significantly increased by increasing the deficit irrigation, 
indicating that water stress in alfalfa crop affected more 
shoot growth than roots. Aohan presented the lowest root 
length, number of root laterals, dry root biomass and less 
root to shoot ratio. In contrast this variety had the highest 
ABA content. 
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The Quirinopolis microregion (QMR) is located in the Southwestern Goiás State, and represents the 
recent expansions of sugar cane crops in the state. The maintenance of the agricultural and forest 
ecosystem productivity depends largely on the organic matter transformation process and therefore on 
the microbial biomass. The goal of this study was to evaluate the effects of the different management 
methods used in sugar cane cultivation on soil microbiological parameters and on indices derived from 
dystroferric (DfRO) and dystrophic (DRO) red oxisols in the region of Quirinopolis, Goiás. Eight 
sampling sites were selected in this study within areas occupied by DfRO and DRO, and two reference 
sites with semidecidual forest vegetation. The microbial biomass of the soil planted with sugar cane 
responded to changes caused by the two different soil management types (fertilized and not fertilized), 
so it may be considered a potential soil quality bioindicator. The soil profiles subject to crop 
succession before planting sugar cane favored the maintenance of the soil microorganism community 
in regards to other managements. DfRO profiles previously planted with soybean showed the best 
physical and chemical condition for a dynamic biomass balance. Profiles with vinasse showed no 
improvement in the development of soil microorganisms nor better physical and chemical conditions.  
 
Key words: Soil quality, bioindicators, organic C, fertilization, soybean crop, vinasse.  

 
 

INTRODUCTION 
 
Sugarcane (Saccharum spp.) expansion  in  the  Brazilian  agricultural scenario has been driven by technologies that  
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contribute to soil conservation, reduction of production 
cost and higher productivity (Schultz et al., 2010). The 
recent agriculture expansion has been driven towards the 
West Central (Brazilian savanna) since the late 1990s, 
particularly to the states of Mato Grosso do Sul (MS) and 
Goiás (GO). Both states have landscapes characterized 
by large - flat areas and weather conditions, especially, 
due to lower slopes and to the Oxisol domain. Therefore, 
the Brazilian savanna is considered to have a greater 
agricultural potential for sugar cane (among others)  
cropping.  

The Quirinopolis microregion (QMR) is located in the 
Southwestern region of the state of Goiás, and 
represents this recent expansion process of the sugar 
cane, having a high aggregation of large mills for sugar 
and bioethanol production. Sugar cane cultivation at the 
QMR began in 2004. The first crop was harvested in the 
2006/2007 season growing in areas under dystroferric 
red oxisol (DfRO) (EMBRAPA, 2006), previously intended 
for grain production (corn and soybean), and dystrophic 
red oxisol (DRO), previously intended for extensive cattle 
raising . 

The soil is an open system that concentrates plant 
organic matter (carbon or C) and the products of organic 
C transformations. The vegetation is the main factor 
responsible for depositing organic matter into the soil 
(Santos et al., 2008). Vegetation type and environmental 
conditions are factors that determine quantity and quality 
of the organic matter being deposited. Thus, vegetation 
influences soil heterogeneity and decomposition rates of 
the material deposited on the soil surface (Moreira & 
Siqueira, 2002; Scherer-Lorenzen et al, 2007). Continued 
use of the soil, a natural resource, through anthropic 
activities, such as sugar cane (Saccharum spp.) planting 
may alter environmental structure. Organic C 
conservation is essential for nutrient recycling, water and 
energy flow balance, C storage, gas emissions and 
maintenance of animal and vegetal diversity (Mendes et 
al., 2009). 

The maintenance of agricultural and forest ecosystem 
productivity depends mostly on the transformation of 
organic C and, consequently, on the microbial biomass 
(Gama-Rodrigues and Gama-Rodrigues, 2008). Therefore, 
the interest in elements of the soil biological function 

under natural and agricultural systems has grown 

(Matsuoka et al., 2003). The soil microbial communities are 
responsible for the decomposition of organic  compounds, 

through nutrient cycling and soil energy flow. Microbial 
biomass and activity in the soil have been identified as 
the characteristics most sensible to soil quality changes 
caused by changes in soil use and management 
practices (Trannin et al., 2007). For this reason, the 
microbial community may be an important bioindicator in 
assessing soil quality, and consequently, the quality of an 
agroecosystem. 

The  microbial  biomass   is   the  living  fraction  of  soil 

 
 
 
 
organic C, and comprises bacteria, fungi, actinomycetes, 
protozoa and algae. It is an important bioindicator, once it 
operates in the natural decomposition processes, 
interacting with nutrient dynamics and regeneration of 
stability of the aggregates (Franzluebbers et al., 1999; Da 
Silva et al., 2010). The microbial biomass is influenced by 
seasonal humidity and temperature variation, soil 
management, cultivation and by plant residues. The 
microbial biomass represents a small portion of the active 
fractions of organic matter (De Luca, 1998; Gama-
Rodrigues et al., 2005), comprising only 2 to 5% of the 
soil organic C. Nevertheless, microbial biomass is more 
sensible than organic C and total N contents to measure 
changes in organic matter caused by farming practices 
(Gama-Rodrigues, 1999). 

In this context, the use of microbiological attributes (for 
example, microbial biomass and derived indexes), has 
been proposed to assess soil quality, in terms of different 
management practices (Doran and Parkin, 1994). Thus, 
studies regarding soil biodynamics in different sugar cane 
cropping systems may lead to different forms of more 
sustainable management, mitigating environmental 
consequences of negative impacts. Therefore, the 
objective of this study was to monitor microbiological 
indices to evaluate land-use change in sugarcane 
cropping on dystroferric and dystrophic red oxisols, in the 
region of Quirinopolis, Goiás.  
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study was carried out in Southwest Goiás (GO), at the 
Quirinópolis microregion (QMR), where the sugar cane expansion is 
recent. The QMR has rapidly reached prominence as the new 
sugar cane expansion center (Borges, 2011), replacing grain and 
pasture areas (Figure 1). The soils of the QMR rest on Cretaceous 
sandstones and basalts of the Paraná Sedimentary Basin, which 
sustains a rather smooth relief consisting of plateaus leveled at 
altitudes ranging from 400 to 1000 m. These plateaus are covered 
by Oxisols that range from medium to clayey texture, and vary from 
dystrophic to dystroferric as related to base saturation (Embrapa, 
2006). The flat areas were preferred for the sugar cane expansion 
due to its characteristics, which favor intensive mechanization and 
soil management for planting. The climate at the QMR is tropical 
wet and dry (Aw) with two disparate seasons and significant annual 
variations in regards to humidity, precipitation and temperature, 
according to climate typology established by Koeppen (1918). The 
QMR has frequent rainfalls from October to March and a dry winter 
from June to September, with transitions from wet and dry periods 
and total average annual precipitation of 1700 mm, average 
temperature of 24°C and a temperature range of ca. 15°C during 
the year.  
 
 

Sampling design 
 

Eight sampling sites were selected in dystroferric red oxisol (DfRO) 
and Dystrophic red Oxisol (DRO) areas, and two reference profiles, 
with native vegetation (semidecidual forest). Semidecidual forests 
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Figure 1. Map of the Quirinopolis micro-region, Goiás with the location of the studied soil profiles. DFRO means 
dystroferric red oxisol, DRO means dystrofic red oxisol and DFRYO means dystroferric red-yellow oxisol. Source: Silva 
(2012). 

 
 
 
occupied most of the southern QMR before 1980 (Figure 1). The 
cultivated soil profiles were described following recommendations 
made by Santos et al. (2005) and were chosen in regards to 
management history. All sugarcanes are plantations in 4th cutting 
of the 1st productive cycle. The same sugar cane cultivar (SP81-
3250) was planted. Planting and harvesting of sugarcane were 
performed by machines, and the crop was harvested without prior 
burning (June, 2008, May, 2009 and May, 2010). Soil preparation 
(plowing and harrowing) was the same at all sites, varying to 
fertigation with vinasse only. Detailed description, land use and 
management of each site are present in Table 1. 

The profiles were analyzed in open trenches (near 2 × 1.5 × 2.5 
m) where morphological descriptions regarding the identification of 
compressed horizons were performed. Samples were gathered and 
described in May, 2010 (dry season; profiles 1A, 1B, 2A, 2B and 
7C) and September, 2010 (rainy season; 3B, 4B, 5B, 6B and 8C). 
The samples were carried out in each profile at five depths and 
three replicates of soil samples, with approximately 1.5 kg each. 
Soil samples were homogenized and divided into two parts: 1 kg for 
physical and chemical characterization and 0.5 kg to determine 
biotic variables. Soil samples for biological studies were gathered in 
sterile containers and stored in a cold chamber (4°C) until analysis.  
Soil samples for physical and chemical characterization were stored 
in gas-permeable plastic bags. These soil samples were air-dried 

and subsequently sieved through 2.0 mm mesh opening. The 
following variables were determined: pH in CaCl2 (ratio of 1:2.5 for 
soil and solution – v/v); P and K (extraction with Mehlich-1, P 
determination by colorimetry and K by flame photometry); Ca and 
Mg (extracted with 1 mol L-1 KCl, determined by atomic absorption 
spectrophotometry and titration, respectively); organic C 
(determined using sodium dichromate and colorimetry); potential 
acidity (H + Al/potentiometer); cation exchange capacity (CEC); 
base saturation (V%). All variables were determined according to 
Embrapa (1997). The microorganisms (fungi and bacteria) were 
quantified and underwent microbial biomass analyzes, following 
Moreira and Siqueira (2002). Fungi and bacteria were quantified 
using the pour plate technique (Filho and Oliveira, 2007).  

Microbial biomass C (MB-C) was determined using the 
microwave irradiation technique followed by oxidation with 
potassium dichromate (K2Cr2O7 0.066 mol L-1) and titration with 
(NH4)2Fe(SO4)2 0.033 mol L-1. The MB-C was estimated (mg kg-1 of 
soil MB-C) using the following equation: MB-C (mg kg-1) = CF × kc, 
where CBM is the microbial biomass C; CF represents the flow of C 
obtained from the difference between the C quantity (mg kg-1) in the 
extract of the irradiated sample and in the non-irradiated sample, 
and kc is the correction factor (Mendonça and Matos, 2005). Basal 
respiration was also determined (CO2-C) through sample incubation 
with CO2 trapping in NaOH 1 mol L-1 solution for seven days, as 
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Table 1. Characterization of the studied soil profiles. 
 

Profile 
Elements of the physical environment Use and management 

Soil Geology Declivity Altitude (m) Land use before cane/vegetation Fertigation 

1A 

DfRO Basalt 0 to 3% 

576 Soybean Fertigated 

1B 540 Soybean Not Fertigated 

2A 503 Pasture Fertigated 

2B 460 Pasture Not Fertigated 

6B 458 Succession: pasture/soybean/sugar cane Not Fertigated 

7C 545 Natural vegetation - 

       

3B 

DRO Sandstone 

0 to 3% 558 Soybean Not Fertigated 

4B 3 to 6% 595 Pasture Not Fertigated 

5B 0 to 3% 633 Succession: pasture/soybean/sugar cane Not Fertigated 

8C 3 to 6% 589 Natural vegetation - 
 

Source: Silva (2012) 

 
 
 
proposed by Jenkinson and Powlson (1976). 

The metabolic quotient (qCO2) was obtained following the 
Anderson and Domsch (1990) protocol after measurement of MB-C 
and CO2-C. The qCO2 was calculated by the ratio CO2-C/MB-C. In 
turn, microbial quotient (qMic) was obtained by the ratio of MB-C 
and organic C. The parameters regarding microbial biomass, 
derived indices and the physical and chemical variables were 
submitted to multivariate analysis (MANOVA) by the principal 
component analysis (PCA), using the software PAST 2.17c 
(Hammer et al., 2001). PCA was carried out for each horizon, 
containing the biological and chemical parameters {Chemical 
variables: H+Al (potential acidity); CEC (cation exchange capacity); 
OM (organic C); K (potassium); Ca (Calcium); pH (hydrogen 
potential); V (percent base saturation); Mg (magnesium); P 
(phosphorus ); Microbiological variables: CO2q: Carbon dioxide 
quotient (metabolic quotient); C-CO2: basal respiration: MICq: 
microbial quotient; MBS-C: microbial biomass; Bacteria (Bac-UFC); 
Fungi (F-UFC)} and the different dystroferric and dystrophic red 

oxisol profiles with the different management types.  
 
 

RESULTS AND DISCUSSION 
 

The DRO and DfRO profiles and its different 
management types had different locations in horizon A. 
Profiles 7C (native vegetation) and 1B (soybean as prior 
management and currently with sugar cane not 
fertigated) were grouped with most physical and chemical 
variables (Figure 2). Such results indicate that profile 1B 
favors a better balance of soil chemical components, 
compared to the other profiles evaluated.  

The fertigated profiles 1A (soybean as prior 
management type) and 2A (with pasture as prior 
management type) were grouped with H + Al and P 
(Figure 2). This result indicates that the use of vinasse 
directly influences soil dynamics, and may alter soil 
chemical parameters in horizon A. The native vegetation 
(for DfRO and DRO) was grouped with most biological 
parameters related to soil microbial biomass in horizon A 

(Figure 3). Therefore, horizon 1A favors biological 
community maintenance. These results support previous 
findings that report a greater diversity of processes in 
natural ecosystems reducing soil imbalance factors 
(Roscoe et al., 2006). 

Profiles 6B and 4B had an overall tendency similar to 
natural environments (Figure 3). Thus, better conditions 
for the development of the soil microbial community were 
observed in horizon A. The maintenance of plant 
residues on the soil surface and the absence of soil 
disturbance enabled better conditions for soil biological 
activity (Lisboa et al., 2012). On the other hand, the 
fertigated profiles (1A and 2A) did not have grouped 
biological attributes, indicating that stressful conditions for 
biological soil communities exist in horizon A (Figure 2). 

The chemical variables of profile 7C (Horizon AB; 
DfRO) are grouped with the chemical variables of the 
native vegetation (Figure 3). This result may be due to 
the increased nutrient recycling in the natural system, 
consequent of the higher input of organic substrates into 
the soil of horizon 7C. Organic C is a key nutrient source 
for plants, providing elements such as N, P, K, Ca, Mg 
and micronutrients (Mielniczuk, 2008; Salton et al., 2011). 
The profile among the ones with different managements 
most similar to the native vegetation was profile 1B. 

The biological attributes (Figure 3) of horizon AB are 
grouped within the native vegetation profiles (7C and 8C), 
along the principal component axes. Probably, the lack of 
anthropogenic interference coupled with the 
accumulation of leaf litter on the soil surface led to this 
result. Profiles 6B (succession pasture/soybean/cane, not 
fertigated, DfRO) and 5B (succession 
pasture/soybean/cane, not fertigated, DRO) had the best 
conditions among the soils that underwent management, 
indicating the occurrence of an organic C of better quality 
among the profiles. 
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Figure 2. Principal component analysis of the biological, physical and chemical attributes of the dystrophic (DRO) and 
dystroferric (DfRO) red Oxisols, with different managements in horizon A, Quirinópolis, Goiás. DfROa: 1A – 
soybean/sugarcane, fertigated; DfROb: 1B – soybean/sugarcane, not fertigated; DfROc: 2A – pasture/sugarcane, fertigated; 
DfROd: 2B – pasture/sugar cane, not fertigated; DfROe: 6B – Rotation pasture/soybean/sugarcane, not fertigated; DfROf: 
semideciduous forest; DFRYOa: 3B – soybean/sugarcane, not fertigated; DROb: 4B – pasture/sugarcane, not fertigated; 
DROc: 5B – Rotation pasture/soybean/sugarcane, not fertigated; DROd: 8C – semideciduous forest. Physical Variables: 
sand, silt and clay; Chemical variables: H+Al (potential acidity); CEC (cation exchange capacity); OM (organic C); K 
(potassium); Ca (Calcium); pH (hydrogen potential); V (percent base saturation); Mg (magnesium); P (phosphorus ); PC1 
and PC2: 71%. Microbiological variables: CO2q: Carbon dioxide quotient (metabolic quotient); C-CO2: basal respiration: 
MICq: microbial quotient; MBS-C: microbial biomass; Bacteria (Bac-UFC); Fungi (F-UFC) (PC1 and PC2: 74%). 

 
  

 
The physical and chemical characteristics of horizon BA 
(Figure 4) are grouped with profile 7C (native vegetation, 
DfRO) and 1B (soybean/sugar cane, not fertigated) along 
the principal component axes. Chemical characteristics 
such as pH and available N, P and K are used as soil 
quality indicators. The elements N, P and S, are nutrients 
that comprise the organic C. Thus, these nutrients are 
available to the plants and are directly influenced by the 
mineralization process (Vezzani et al., 2008).  

Organic C is not an endless source of N, P and S. The 
annual mineralized quantity of each of these nutrients 
must be restored to the soil, either through biological 
fixation (as for N), or fertilization (for N, P and S). Thus, 
the OM is a reservoir for these elements and crucial for 
biological cycling, enabling the soil to store and promote 
cycling of elements to the atmosphere (Duxbury et al., 
1989; Pôrto et al, 2009). 

Profile 1B has a better condition in establishing  organic 

C and, consequently, for nutrient cycling, although not 
consisting of native vegetation due to prior soil 
management using fertilization and other techniques. The 
biological attributes in the PCA of horizon BA were once 
again grouped with profile 8C (DfRO) and 7C (DRO), 
both with native vegetation (Figure 4). Profile 4B 
(previously managed with pasture/sugar cane not 
fertigated) has a high organic C content, as shown by the 
high correlation between MICq and B-BMC. This profile 
consists of horizon BA and has pasture as the previous 
soil use. Pasture soil management does not revolve the 
soil, thus conserving soil structure, and has the 
aggressive and abundant grass root system. Pasture soil 
management confers such characteristics to horizon AB, 
which in turn support results found in other studies 
(Marchiori-Júnior, 1998; Matsuoka et al., 2003). 

Profile 3B (DRO with soybean/sugar cane, not 
fertigated)   was  highly  correlated  with  CO2q (Figure  4)
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Figure 3. Principal component analysis of the physical and chemical attributes of the dystrophic (DRO) and dystroferric 
(DfRO) red oxisols, with different managements in Horizon AB, Quirinópolis, Goiás. DfROa: 1A – soybean/sugarcane, 
fertigated; DfROb: 1B – soybean/sugarcane, not fertigated; DfROc: 2A – pasture/sugarcane, fertigated; DfROd: 2B – 
pasture/sugarcane, not fertigated; DfROe: 6B – Rotation pasture/soybean/sugarcane, not fertigated; DfROf: 
semideciduous forest; DFRYOa: 3B – soybean/sugarcane, not fertigated; DROb: 4B – pasture/sugarcane, not fertigated; 
DROc: 5B – Rotation pasture/soybean/sugarcane, not fertigated; DROd: 8C – semideciduous forest. Physical Variables: 
sand, silt and clay; Chemical variables: H+Al (potential acidity); CEC (cation exchange capacity); OM (organic C); K 
(potassium); Ca (Calcium); pH (hydrogen potential); V (percent base saturation); Mg (magnesium); P (phosphorus ); PC1 
and PC2: 65%. Microbiological variables: CO2q: Carbon dioxide quotient (metabolic quotient); C-CO2: basal respiration: 
MICq: microbial quotient; MBS-C: microbial biomass; Bacteria (Bac-UFC); Fungi (F-UFC) (PC1 and PC2: 78%). 

 
 
 

indicating an environment with stressful conditions for soil 
microbiota. The CO2q is considered important to assess 
the effects of environmental conditions on microbial soil 
communities (Anderson and Domsch, 1993; Zhang et al., 
2008). Higher CO2q values under stressful conditions (for 
example, excess or lack of nutrients in the soil, altering 
the physical and chemical soil structures) have 
implications in more carbon used in biomass 
maintenance. 

The chemical attributes of horizon Bw1 were grouped 
with profile 7C (native vegetation, DfRO), 1B 
(soybean/sugar cane, not fertigated) and 2B 
(pasture/sugar cane not fertigated) (Figure 5). The 
microbiota is fostered in different soil management 
systems, due to plant residue composition (that is, 
residues from different plant species) and soil preparation 
methods. This leads to differences in the microbial 
activity, in the nitrogen immobilization-mineralization 
relationship and residue decomposition rates (Resck et 
al., 2008).  

The number and location of the organic residue input 
sites affects the active pool of organic C (Hernández and 

Hernandez and Hernandez, 2002). This explains why 
profiles 1B (previously with soybean) and 2B (previously 
with pasture) have higher concentrations of elements, 
that is, two previous management types presenting an 
active cycling of nutrients in the same horizon. 

In horizon Bw1, P was highly correlated with profile 2A 
(pasture/fertigated sugar cane, DfRO) and 3B 
(soybean/sugar cane not fertigated, DRO) (Figure 5). 
Cambuim and Cordeiro (1986), studying the use of 
vinasse as a fertilizer and soil conditioner, observed a 
meaningless phosphorous accumulation, while 
potassium, calcium and magnesium contents occurred 
almost in direct proportion to the vinasse dose. This high 
correlation between phosphorus and the soil profiles 
(Cambuim and Cordeiro, 1986) is not due to vinasse, but 
to previous soil managements, also explaining why profile 
3B was also highly correlated with phosphorus in this 
study. 

The variables representing biological attributes were 
grouped with profile 8C (native vegetation, DRO) (Figure 
5). Profiles 4B (pasture/sugar cane, DRO), 5B 
(succession/pasture/soybean/sugarcane/not fertigated,
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Figure 4. Principal component analysis of the physical and chemical attributes of the dystrophic (DRO) and dystroferric (DfRO) 
red oxisols, with different managements in Horizon BA, Quirinópolis, Goiás. DfROa: 1A – soybean/sugarcane, fertigated; DfROb: 
1B – soybean/sugarcane, not fertigated; DfROc: 2A – pasture/sugarcane, fertigated; DfROd: 2B – pasture/sugarcane, not 
fertigated; DfROe: 6B – Rotation pasture/soybean/sugarcane, not fertigated; DfROf: semideciduous forest; DFRYOa: 3B – 
soybean/sugarcane, not fertigated; DROb: 4B – pasture/sugarcane, not fertigated; DROc: 5B – Rotation 
pasture/soybean/sugarcane, not fertigated; DROd: 8C – semideciduous forest. Physical Variables: sand, silt and clay; Chemical 
variables: H+Al (potential acidity); CEC (cation exchange capacity); OM (organic C); K (potassium); Ca (Calcium); pH (hydrogen 
potential); V (percent base saturation); Mg (magnesium); P (phosphorus ); PC1 and PC2: 74.34%. Microbiological variables: 
CO2q: Carbon dioxide quotient (metabolic quotient); C-CO2: basal respiration: MICq: microbial quotient; MBS-C: microbial 
biomass; Bacteria (Bac-UFC); Fungi (F-UFC) (PC1 and PC2: 81.99%). 

 
 

 
DRO) and 6B (succession/pasture/soybean/sugarcane/not 
fertigated, DfRO) are similar to the native vegetation in 
horizon Bw1, as indicated by cluster of the microbial 
biomass parameters and microbial quotient in the soil 
profiles. These results support the statement that a 
greater balance and diversity of factors would occur in 
natural environments, possibly mitigating negative 
impacts in the soil (Júnior, 2012). 

On the other hand, profile 3B (soybean/sugar cane not 
fertigated, DRO) was grouped with the metabolic quotient 
(CO2q), indicating that profile 3B provides stressful 
environmental conditions for soil biological communities 
on horizon Bw1 (Figure 5). In horizon Bw2, the variables 
CEC, Ca, V, Mg, K and pH were grouped with profiles 1B 
(soybean/sugarcane not fertigated, DfRO) and 2B 
(pasture/sugarcane not fertigated, DfRO), and were 
positioned near the native vegetation (DfRO, 7C). Clay 
and silt were grouped in profile 7C (Figure 6). These 
results show that profiles 1B, 2B and 7C have a higher 
cationic exchange capacity, favoring the chemical, 
physical and biological  soil  relationships.  Consequently,  

these systems favor a better balance of chemical and 
physical soil components. 

Phosphorus and sand were more correlated with profile 
2A (Pasture/sugarcane fertigated, DfRO) (Figure 6). 
These results show that, as observed by Cambuim and 
Cordeiro (1986), this high correlation of phosphorus with 
profile 2A, is not a consequence of phosphorus input 
from the neighboring population. In contrast, such 
correlation was due to the soil preparation methods and 
input of residues and other elements from managements 
prior to the sugar cane. Organic C was grouped with 
profile 6B (succession pasture/soybean/sugarcane not 
fertigated, DfRO) (Figure 6). The proximity between OM 
and profile 6B suggests that a dynamic soil management 
(as in succession) leads to more complex biotic 
interactions, and a greater likelihood of emerging 
important soil regulation properties and approaching 
natural conditions (Beare et al., 1995). 

The biological attributes of horizon Bw2 were grouped 
with profile 4B (pasture/sugarcane not fertigated, DRO) 
and profile 1B (soybean/sugarcane not fertigated, DfRO)
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Figure 5. Principal component analysis of the physical and chemical attributes of the dystrophic (DRO) and dystroferric (DfRO) red oxisols, 
with different managements in Horizon Bw1, Quirinópolis, Goiás. DfROa: 1A – soybean/sugarcane, fertigated; DfROb: 1B – 
soybean/sugarcane, not fertigated; DfROc: 2A – pasture/sugarcane, fertigated; DfROd: 2B – pasture/sugarcane, not fertigated; DfROe: 6B – 
Rotation pasture/soybean/sugarcane, not fertigated; DfROf: Semideciduous forest; DFRYOa: 3B – soybean/sugarcane, not fertigated; DROb: 
4B – pasture/sugarcane, not fertigated; DROc: 5B – Rotation pasture/soybean/sugarcane, not fertigated; DROd: 8C – semideciduous forest. 
Physical Variables: sand, silt and clay; Chemical variables: H+Al (potential acidity); CEC (cation exchange capacity); OM (organic C); K 
(potassium); Ca (Calcium); pH (hydrogen potential); V (percent base saturation); Mg (magnesium); P (phosphorus ); PC1 and PC2: 67.67%. 
Microbiological variables: CO2q: Carbon dioxide quotient (metabolic quotient); C-CO2: basal respiration: MICq: microbial quotient; MBS-C: 
microbial biomass; Bacteria (Bac-UFC); Fungi (F-UFC) (PC1 and PC2: 82.26%). 

 
 
 
(Figure 6). Organic C preservation tends to be larger in 
pasture soil, because soil revolving is minimal. Carbon  
input is higher in pasture soil than in cultivated areas 
(Lathewell and Bouldin, 1981; Carneiro et al, 2008). 
According to Silveira et al. (2005), legumes are crucial as 
nutrient suppliers, once this plant group promptly 
provides nutrient for succeeding cultures due to the rapid 
residue decomposition. The previous management with 
soybean or pasture leads to an organic C increase and, 
consequently, an increase of microorganisms (Silveira et 
al, 2005; Carneiro et al, 2008). Profiles 4B and 1B 
exhibited a similar characteristic for horizon Bw2 due to 
prior soil management. 

The variables basal respiration (C-CO2) and metabolic 
quotient (CO2q) were grouped with profile 8C (native 
vegetation, DRO) (Figure 6). This correlation may have 
occurred due to the large amount of roots or to the 
deposition of organic substrates in horizon  Bw2  (Silva  et  

al., 2010). 
 
 
Conclusions 
 
The microbial biomass of the soil may be a bioindicator 
used to assess soil quality, once it responds to the 
changes caused by the two different management types 
(fertigated and not fertigated). The profiles undergoing 
culture succession before sugar cane planting favor the 
soil microbial community in regards to other management 
types. The profile previously planted with soybean in the 
DfRO, had the best physical and chemical conditions for 
the dynamic balance of the soil biomass. 

The profiles with vinasse showed no improvement 
regarding soil microorganism development or physical 
and chemical conditions. Therefore, previous soil use 
was important to identify soil quality conditions. Better
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Figure 6. Principal component analysis of the physical and chemical attributes of the dystrophic (DRO) and dystroferric 
(DfRO) red oxisols, with different managements in Horizon Bw2, Quirinópolis, Goiás. DfROa: 1A – soybean/sugarcane, 
fertigated; DfROb: 1B – soybean/sugarcane, not fertigated; DfROc: 2A – pasture/sugarcane, fertigated; DfROd: 2B – 
pasture/sugarcane, not fertigated; DfROe: 6B – Rotation pasture/soybean/sugarcane, not fertigated; DfROf: 
Semideciduous forest; DFRYOa: 3B – soybean/sugarcane, not fertigated; DROb: 4B – pasture/sugarcane, not fertigated; 
DROc: 5B – Rotation pasture/soybean/sugar cane, not fertigated; DROd: 8C – Semideciduous forest. Physical Variables: 
sand, silt and clay; Chemical variables: H+Al (potential acidity); CEC (cation exchange capacity); OM (organic C); K 
(potassium); Ca (Calcium); pH (hydrogen potential); V (percent base saturation); Mg (magnesium); P (phosphorus ); PC1 
and PC2: 72.34%). Microbiological variables: CO2q: Carbon dioxide quotient (metabolic quotient); C-CO2: basal respiration: 
MICq: microbial quotient; MBS-C: microbial biomass; Bacteria (Bac-UFC); Fungi (F-UFC). (PC1 and PC2: 78.20%). 

 
 

 
conditions were found for soil that underwent a 
succession and were planted with crops prior to sugar 
cane. 
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Hydraulic weighing lysimeters have been showing good results in evapotranspiration studies. Thus, 
the aim of this study was to construct, calibrate, and assess a small (0.7 m

3
) and low cost hydraulic 

weighing lysimeter. The lysimeter consists of two containers. The inner container has a circular area 
of 1 m

2
 and volume of 0.7 m

3
, while the outer container is constructed with concrete slabs. The inner 

container is supported by three hydraulic load cells, arranged in the shape of an equilateral triangle. 
For calibration, standard weights with 1 kg were added and subsequently removed. Calibration results 
indicated high linearity between mass changes and their readings, with determination coefficient of 
0.999. For pressure readings automation, it is necessary to correct temperature-related errors. Wind 
causes mechanical oscillations in the lysimeter, with subsequent pressure data errors that need to be 
corrected for proper evaporation measurements, especially in smaller time scales. Comparison 
between measured ETo and ETo estimated by Penman-Monteith method obtained a coefficient of 
determination of 0.56. 
 
Key words: Evapotranspiration, calibration, hydraulic load cell, pressure gauge. 

 
 
INTRODUCTION 
 
Evapotranspiration is an environmental parameter 
required for crop implantation and management. It 
expresses the total water amount lost in a system by 
transpiration and evaporation of water from the soil. 
Depending on the conditions in which it is obtained, 
evapotranspiration may represent the site water demand 
or indicate the water amount that should be returned to 
the soil to meet crop needs. In regions that have a well-
defined dry season, such as the Brazilian Cerrado, for 
example, there are periods when rainfall is  insufficient  to  

meet crop needs. In this case, knowledge of 
evapotranspiration for irrigation management purposes is 
indispensable (Valipour and Eslamian, 2014; Valipor, 
2014a, 2015a; Khoshravesh et al., 2015). 

Many devices and methods can be used to determine 
evapotranspiration. Among them, lysimeters have been 
used to directly obtain this variable with extreme 
reliability. Aboukhaled et al. (1982) considered the 
weighing lysimeter the best equipment for accurate 
measurement of evapotranspiration, serving as  standard 
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methodology to calibrate equations that estimate this 
variable. 

One of the difficulties to use the lysimeter comes from 
its high cost of construction and installation. In general, it 
is recommended that the lysimeter surface area should 
be large enough to maximize the sample area and 
minimize the effect of the space between the lysimeter 
and the surrounding soil. Aboukhaled et al. (1982) 
recommended a minimum size of 4 m

2
, while Sarnie and 

Villele (1970) recommended an area of 2 m
2
. 

Nevertheless, the construction of lysimeters with areas of 
less than 2 m

2
 has become common recently, with 

relative success. As an example, studies by Lima et al. 
(2013), Mariano et al. (2015), and Silva (2005), with 
respective areas of 1.32, 1.52, and 1.038 m

2
, can be 

cited. Wherley et al. (2009) constructed and assessed in 
field a lysimeter with 0.05 m

2 
and total volume of 15 L. 

Besides reducing construction costs, smaller lysimeters 
facilitate installation, operation, and maintenance in field. 

However, there is concern that smaller lysimeters are 
subject to a number of problems and limitations among 
which stand out (Dugas and Bland, 1989; Allen et al., 
2011): smaller population of sampled plants; the so-
called “bloom effect” where the area of exposed plant 
canopy exceeds the assumed effective area of the 
lysimeter; influence of lysimeter’s wall on the thermal 
regime of the soil and of canopy environment; smaller 
accuracy and resolution in mass variation measurement. 

Dugas and Bland (1989) compared measurements 
from three lysimeters with surface areas of 0.18, 0.75, 
and 3.0 m

2
. They concluded that no consistent effect of 

lysimeter size on accuracy was found for the crop tested 
(sorghum and wheat), although the measurements were 
made in low temporal resolution (5 to 29 days). 
Grimmond et al. (1992) tested over short time periods 
two weighing mini-lysimeters (<0.2 m

2
) and compared 

with evaporative flux measurements obtained using eddy 
correlation instrumentation from an extensive 
homogeneous surface. The authors concluded that the 
mini-lysimeters provided relatively accurate and reliable 
measurements of latent heat flux. In addition, according 
the authors, the mini-lysimeters developed can be used 
for continuous automatic monitoring of evapotranspiration 
at the resolution of an hour. 

Therefore, given the importance of automation and 
properly measuring ETo, this study aimed to construct, 
calibrate, and assess a hydraulic weighing lysimeter with 
1 m

2
 surface, in order to monitor evapotranspiration. 

 
 
MATERIALS AND METHODS 
 
The experiment was conducted at the Federal University of Mato 
Grosso, Rondonopolis, MT State Campus, with the following 
geographical coordinates: 16°28”15’ S, 54°38”08’W and altitude of 
284 m. 

A hydraulic weighing lysimeter containing two cylindrical 
containers was constructed. The inner container was constructed 
with iron  plates  with  4 mm  thickness,  1 m2  area,  and  volume  of     

 
 
 
 
0.7 m3. The outer container was constructed with 16 concrete 
plates with 2 cm thickness, in order to support the surrounding soil. 
The lysimeter setup consisted of the following components: 
hydraulic weighing system, drainage system, reading system, and 
automation system. 

For the hydraulic weighing system, three hydraulic load cells 
were constructed with self-extinguishing hoses made of butyl 
propylene reinforced nylon, with the following dimensions: 850 mm 
length and 101.60 mm inner diameter. Hoses had their extremities 
closed by pressure, using two pairs of galvanized pipes with 0.2 m 
length. Pipes were transversely drilled to fix screws. A metal 
connector was coupled in the central part of each of the load cells, 
in order to couple a polystyrene flexible tube. Flexible tubes of the 
three load cells were connected through a shutoff valve which, in 
turn, had an outlet tube connected to the pressure gauge. 

Three support bases for the load cells were constructed on the 
bottom of the outer container. Cells were arranged in the container 
in the shape of an equilateral triangle, with an angle of 120 degrees 
between the sides. Bases were made of concrete, with rectangular 
shape and dimensions of 0.60 × 0.15 × 0.20 m. Bases were 
carefully leveled to support the hydraulic load cells, so that sealing 
tubes did not have contact with the soil or the concrete base. 
Subsequently, a 20 mm thick polyvinyl polychloride film was put on 
each load cell, in order to isolate the bottom of the inner container 
from contact with sealing tubes. 

For the drainage system, a polyvinyl polychloride tube with 0.2 m 
diameter and 2.0 m depth was buried alongside the outer container. 
Inside the inner container, three polyvinyl polychloride tubes with 75 
mm diameter, containing a porous clay capsule, were vertically 
inserted. Porous capsules were connected to the tube receiving the 
drained water via polyethylene tubes. Accounting of the amount of 
drained water was made by a folding system used in automatic rain 
gauges. 

The reading system was formed by two independent 
components: mercury manometer and hydrostatic pressure sensor. 
The pressure gauge reading mechanism was based on a scale in 
millimeters. The hydrostatic pressure sensor used was the (PX26-
001DV-Omega) model with (-0.007 to +0.007 mV) range, 
connected to the CR-1000 model (Campbell Scientific, Inc., Logan, 
USA) data logger. 

Inner container filling was first conducted with a 0.1 m layer of 
gravel. The other layers, added at every 0.1 m, were filled with soil, 
respecting the order found in the original layers during their removal 
from the field. For each layer completed, the lysimeter soil received 
water to approach its natural density. Lysimeter implementation 
process was completed after coupling an access tube in the center 
of the lysimeter, in order to conduct soil moisture reading through 
the humidity probe. In Figures 1 and 2, there is a representation of 
the hydraulic weighing lysimeter constructive part, with some of its 
main components. 

 
 
Load cells optimum volume calculation  

 
In order to determine the optimal water amount for load cells, 
recommendations by Silva et al. (2003) were followed. This step 
was carried out in laboratory. Load cells filling was conducted with 
13 L of distilled water at rest. Through a control shutoff valve linked 
to the load cells, equal volumes of 50 ml were released in each 
step, whose pressure values were observed in the mercury 
manometer and in the data logger. The procedure was repeated 
until reading differences were stable and proportional. Recorded 
values were subsequently correlated with the accumulated 
withdrawal volume. The optimal water volume for load cells 
corresponds to the minimum point of the regression curve fitting 
between manometer readings variation and accumulated water 
amount. 
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Figure 1. Lysimeter General Representation: (a) humidity probe access 
tube; (b) drainage pipes; (c) load cells; (d) casing and (e) inner container. 

 
 
 

  

  
 

A B 

C D 
 

 

Figure 2. Details of the structure and mounting of the hydraulic lysimeter. (A): hydraulic load cells 
arranged in an equilateral triangle format and attached to each other by a metal connector. (B): 
arrangement of hydraulic load cells supported on concrete foundations in the field; (C): mounting 
the lysimeter in the field, with layer of gravel and the tubes to the drainage system. (D): tipping 
bucket rain gauge adapted for measuring the water drained. 
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Lysimeter calibration 
 
This step was carried in field, after the installation of lysimeter. 
Calibration was divided into two stages. The first step consisted of 
lysimeter central calibration, gradually adding 1 kg weights until the 
total weight of 100 kg was reached. Each individual weight was 
equivalent to a 1 mm water blade. Subsequently, added weights 
were gradually removed, one by one. At every weight addition or 
withdrawal, 1 min was waited, in order to stabilize the reading 
system. In the second step, loads were applied on each load cell 
and in the vertices of the equilateral triangle formed by load cells. In 
this step, 36 weights of 1 kg were added and subsequently 
removed. As in the central calibration, addition and removal of 
weights in the latter stage occurred gradually, respecting the time 
required for system stabilization. The purpose of this last step was 
to verify lysimeter stability. 
 
 
Temperature effects on data quality 
 
Evapotranspiration data quality in hydraulic lysimeters may be 
affected by environmental factors that act in the several 
components of the lysimeter system. Temperature is a major factor, 
as it influences fluid expansion and contraction in the load cell, in 
the fluid transmission system and in the reading system. Errors may 
still occur even in thermal insulation, in an attempt to minimize 
thermal fluctuation effects (Wangati, 1965). 

Thus, in order to correct temperature effects acting on the whole 
system, pressure transducer readings were correlated with 
temperature values inside the weather shelter. The analysis was 
conducted in four days in a row. During this period, the lysimeter 
surface was sealed to avoid water loss by evapotranspiration, and 
therefore, pressure variation recorded in the data logger was 
related to temperature variation. 

The measured data of evapotranspiration were compared with 
simulated data by the Penman-Monteith model. The Penman-
Monteith model is usually used as reference in evapotranspiration 
simulation studies. Thus, it is noteworthy that the construction of the 
lysimeter is also useful for further evaluation of the various models 
available to simulate evapotranspiration or even for building 
empirical models. Examples of studies comparing different models 
of evaporation can be found in Valipour (2012, 2014b, c, d, 2015b).  

 
 
RESULTS AND DISCUSSION  
 
Optimum fluid volume in the load cells 
 
Pressure variation registered in the pressure gauge 
showed tendency to constant readings, with fluid 
withdrawal in volumes equal of 50 ml. Initially, differences 
measured in the pressure gauge were higher, gradually 
decreasing as the contact area between the load cell and 
the base became practically invariable with subsequent 
extractions. Taking into account that the optimal water 
volume for load cells corresponds to the minimum point 
of the regression curve fitting between manometer 
readings variation and accumulated water amount, 

then:   
 

2L 0 0000003 0 0038 12 33. Va . Va ,      (1)  

 
where ∆L is the readings  variation  (mm)  and  Va  is  the  

 
 
 
 
accumulated volume (ml).  

Volume was obtained by the derivative of the following 
function: 
 

0 0000006 0 0038
dy

. Va .
dx

 
 

 
By solving Equation 2, after the tangent is defined as 
equal zero (minimum point), the optimum volume of 6333 
ml is found. 

A similar result was observed by Silva (2005), while 
using hydraulic weighing lysimeters to determine 
evapotranspiration and crop coefficients of passion fruit, 
in which the result reduced hydraulic load cells pressure 
along with successive 50 ml water decreases. According 
to Silva (2005), inadequate fluid volume within the load 
cell does not allow a constant contact area, interfering 
with pressure responses that are transmitted to the 
reading system. 
 
 
Calibration and stability coefficient 
 
In Figure 3, lysimeter central calibration results are 
shown. It is noted that both mercury manometer and 
pressure transducer had linear responses between the 
added or removed weight and the corresponding 
pressure. In both cases, fitting quality was excellent 
(R

2
>0.999). It was also noted that small hysteresis effect 

occurred in both measurement systems. Similar results 
were found by Lima et al. (2013), while calibrating load 
cells and hydraulic load cells. 

Results of calibrations conducted in each load cell and 
in the vertices are shown in Tables 1 and 2. In general, it 
was observed that determination coefficients were all 
above 0.99 for both individual cells and vertices, in both 
measurement methods. This indicates that the lysimeter 
is stable, which is extremely important to obtain reliable 
data. It is important to highlight that equipment balance is 
due to the fact that the three hydraulic load cells were 
arranged to form an equilateral triangle. Another 
important factor is that the water amount used in 
hydraulic load cells should not make the contact area 
between the inner container base and the cells cause 
inconsistent estimates, as mentioned by Silva (2005). 

Calibration coefficients (k) obtained in the mercury 
manometer ranged from 3.577 to 4.011 mm with the 
addition and removal of 1 kg weights (Table 3). For the 
transducer, this coefficient ranged from 0.982 to 1.169 kg 
for 1 kg weights added or removed. The central 
calibration coefficient (k), which is the standard used in 
lysimeters, was of 3.434 mm kg

-1
 for the mercury 

manometer and of 1.017 kg for the electronic pressure 
transducer. That is, each 1 kg of added or removed 
weight in the lysimeter corresponds to 1.017 mm of 
evapotranspired depth. 

Lysimeter stability was determined by the mean of the 
calibration coefficients of  the  three  hydraulic  load  cells  
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Figure 3. Lysimeter central calibration regression analysis. Readings observed in the transducer (Tr) and in the mercury 
manometer (Man) were related to the addition (+) and removal (-) of 1 kg weights (M). **Significant at 1% probability. 

 
 
 
Table 1. Relationship between weight variation (kg) and pressure (mm) in the mercury manometer and in the pressure transducer, 
with point load in each of the three hydraulic load cells.  
 

System of measurement Load cell 
Addition  Removal 

Model** R
2
  Model** R

2
 

Manometer 
1 

Y=30.072+3.522x 0.998  Y=-25.469+3.617x 0.996 

Transducer Y=-23.706+1.061x 0.997  Y=-14.74+0.9021x 0.996 

       

Manometer 
2 

Y=-30.083+3.712x 0.997  Y=-32.723+3.811x 0.996 

Transducer Y=-17.524+1.150x 0.999  Y=-19.847+1.189x 0.998 

       

Manometer 
3 

Y=-34.255+3.731x 0.998  Y=-36.188+3.521x 0.997 

Transducer Y=-24.239+1.024x 0.998  Y=-26.586+1.042x 0.997 
 

**Significant at 1% probability. 

 
 
 
Table 2. Relationship between weight variation (kg) and pressure (mm) in the mercury manometer and in the pressure transducer, 
with point load in each of the three vertices of hydraulic load. 
  

System of measurement Vertex 
Addition  Removal 

Model** R2  Model** R
2
 

Manometer 
1 

Y= -2.355+3.744x  0.996  Y=-21.213+3.606x 0.995 

Transducer Y=-7.7445+1.098 0.998  Y=-6.540+1.049x 0.996 

       

Manometer 
2 

Y=-20.628+3.636x 0.999  Y=-20.902+3.519x 0.995 

Transducer Y=-6.051+1.057x 0.999  Y=-5.977+1.034x 0.997 

       

Manometer 
3 

Y=-23.960+4.4x 0.995  Y=-14.331+3.622x 0.998 

Transducer Y=-3.666+1.124x 0.997  Y=-2.338+1.023x 0.992 
 

**Significant at 1% probability. 
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Table 3. Calibration coefficients (k) and mean error, with point load in the centers and vertices of hydraulic 
cells and in the lysimeter center, in mm kg-1. 
 

Posição 
Calibration coefficient (k) Calibration coefficient (k) 

Manometer Transducer 

cell 1 3.569 0.982 

cell 2 3.761 1.169 

cell 3 3.626 1.033 

vertex 1 3.675 1.074 

vertex 2 3.577 1.046 

vertex 3 4.011 1.073 

Mean 3.703 1.063 

Lysimeter center 3.434 1.017 

Mean positional error (%) 7.83 4.50 

 
 
 

y = 0.5226x + 43.885

R² = 0.9797

30

35

40

45

50

55

60

65

70

0 20 40 60T
ra

n
sd

u
ce

r 
re

ad
in

g
  

(m
m

)

Temperature (oC)

A

 

y = -0.0071x2 - 0.2063x + 7.5356

R² = 0.9934

-15

-10

-5

0

5

10

0 20 40 60

R
ea

d
in

g
 d

if
fe

re
n
ce

 (
m

m
)

Temperature (oC)

B

 

 

 
 

Figure 4. Relationship between pressure data generated by the transducer and the temperature obtained in the data 
logger (A); differences between original data and standard data, estimated at 20°C. Timescale of 10 min. 

 
 
 
and of the three vertices compared to the lysimeter 
central calibration coefficient. Mean positional errors of 
7.83 and 4.50% were observed for the mercury 
manometer and the transducer, respectively (Table 3). 
This result confirmed that the lysimeter is stable, 
especially when used in an automated manner, that is, by 
readings generated by the transducer in the data logger. 
Compared to other studies, hydraulic weighing lysimeters 
constructed by Santos et al. (2008), showed mean errors 
of up to 3.93 and 1.73%, respectively, using mercury 
manometer.  

It is noteworthy that Black et al. (1968), quoted by Silva 
et al. (2003), stated that the tolerable error limit is 10%, 
as tank inclination influences fluid deformity in hydraulic 
cells, causing lysimeter reading errors. Thus, the mean 
positional error of 7.83% obtained by pressure gauge 
reading was lower than the 10% limit. 
 
 
Temperature influence on lysimeter reading 
 
It   is   possible   to   observe  correlation    between    the  

transducer reading in the data logger and the 
temperature (Figure 4A). These data were obtained 
during the four days in which lysimeter surface was 
sealed to prevent water loss. A linear equation was fitted 
to the data from this relationship, in order to subsequently 
obtain a correction factor. The value regarded as reading 
standard was observed substituting the "x" value by 20°C 
in the linear equation. The 20°C value was established in 
accordance to the recommendations of the Instituto 
Nacional de Metrologia (2011). Figure 4B represents the 
differences between the amounts recorded over the four 
days and the standard value. Having with the equation 
fitted to the data in Figure 4B, temperature values 
associated with the pressure values generated by the 
transducer during the period were substituted (Figure 
4A). The result represents the value to be corrected to 
the original data. In Figure 5, original data and corrected 
data are shown. 

It is observed that the correction factor obtained by the 
methodology was efficient to linearize lysimeter readings 
under temperature effect, minimizing reading errors. 

This correction procedure  is  important  because  there  
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Figure 5. Uncorrected and corrected pressure transducer response (converted to 
mm) in a timescale of 10 min. 

 
 
 
are basically two types of errors related to pressure 
transducer. One related to the sensor itself and the other 
related to external factors.  So, for example, ambient 
temperature variations can affect the output signal of the 
sensor, even in a condition in which there was no 
variation of the applied pressure. These measurement 
errors are usually corrected by a compensation to the 
output signal of the sensor. However, there are additional 
variations throughout the hydraulic lysimeter 
measurement system that are transmitted to the pressure 
transducer. The main error is due to thermal expansion of 
the water column along the hydraulic system. The 
magnitude of this expansion is difficult to quantify exactly. 
However, Wangati (1965) calculated that the fluctuation 
of the water column due to temperature would be 0.66 
mm. Of course, this value is different depending on the 
weather conditions of the region. 
 
 
Evapotranspiration assessment 
 
Correlation between measured and estimated 
evapotranspiration by Penman-Monteith method is as 
shown in Figure 6. The determination coefficient was of 
0.5683, which is a mean value. However, similar results 
were found by other authors. For example, Medeiros 
(2002) and Mendonca et al. (2003) obtained 
determination coefficient values of 0.56 and 0.58, 
respectively, comparing lysimetric measurements on a 
daily scale by the Penman-Monteith method. 

Among the possible additional sources of errors in 
lysimetric measurements, wind has an important 
contribution. It was observed that variations in the 
measured data occurred over time (Figure 7A). These 
variations are correlated to the wind speed values 

throughout the day (Figure 7B). However, wind is a very 
difficult variable to model and to predict. In addition, it is 
also very difficult to eliminate its effects on the system. 
One option would be to smooth the data using means on 
larger timescales, such as 1 h for example (Figure 8). 

Weighing lysimeter reading errors are common 
(Schrader et al., 2013), especially in mechanical 
vibrations caused by the wind in high temporal resolution 
data (Vaughan and Ayars, 2009). Schrader et al. (2013) 
and Vaughan and Ayars (2009) discussed methods to 
reduce these errors, such as the application of filters to 
remove inconsistent data. They also suggested the 
statistical processing of collected data, in order to smooth 
noises. 

Pressure transducer response during the day varies 
according to lysimeter water loss dynamics (Figure 9A), 
in which three variation stages stand out. Initially, it is 
noted that variation is very small during the night. During 
this period, there would only be water decrease by 
evaporative process. Subsequently, there is sharp, near-
linear fall, indicating intense water loss to the 
atmosphere. Again, there is apparent pressure variation 
stabilization with the beginning of the nocturnal period 
(Figure 9A). 

The tendency described earlier was observed for four 
sequential days in which there was no water replacement 
in the soil (Figure 9B). In this case, soil water variation 
represents the actual evaporation process. It is noted that 
radiation during those days did not decrease sharply, 
demonstrating that there was no energy availability 
reduction. It was observed that the period of increased 
pressure depletion apparently decreases with each 
passing day, which is typical of water reduction in the 
soil.  

Finally, it is noteworthy that the lysimeter constructed in 
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Figure 6. Correlation between ETo daily values measured by the 
lysimeter and estimated by Penman-Monteith (mm) for the period from 
08.01.2013 to 10.31.2013, in the southern region of Mato Grosso, Brazil. 
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Figure 7. Pressure transducer response (converted to mm) and wind velocity (m s-1) over the day in a timescale of 
10 minutes (A); correlation between pressure transducer response (mm) and wind velocity (m s-1) (B).  
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Figure 8. Pressure transducer response time means (converted to mm).  
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Figure 9. Pressure transducer response (converted to mm) and net radiation (W m-2) time means variation in 
four sequential days (A); comparison between pressure transducer response (mm) in four sequential days. 

 
 
 
this study has relatively small dimensions if compared to 
those usually described in the literature. The surface area 
was of 1.0 m

2
, with total volume of 0.7 m

3
, facilitating 

lysimeter use not only in the scientific research area, but 
also in farms or sectors related to the environment. 
 
 

Conclusions 
 

The hydraulic weighing lysimeter showed highly 
significant and accurate calibration responses for both 
central and localized calibrations. Therefore, the 
construction methodologies described in this study can 
be used as methodological reference, especially with 
regard to the disposal of hydraulic load cells in the form 
of an equilateral triangle. 

Lysimetric readings automation with the pressure 
transducer is efficient and accurate. However, it is 
necessary to correct reading errors caused by 
temperature. In addition, mechanical oscillations caused 
by the wind are important data error sources, especially if 
smaller timescales are used. 
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The descriptors used to differentiate new soybean cultivars which ensure their protection, has become 
insufficient. This makes evident the need to expand the list of that already used. The morphological 
traits that may be used as descriptors can be quantitative or qualitative; however, in the evaluation of 
their efficiency, they are not always analyzed simultaneously. Thus, this study aimed to identify new 
morphological characteristics for purposes of discrimination of soybean cultivars with the aid of Gower 
algorithm, which allows evaluation of quantitative and qualitative characters simultaneously. Ten 
soybean cultivars were used in two experiments, one in the summer and another in the winter. They 
were conducted in a greenhouse. The experiments were carried out in an experimental randomized 
complete block design with four replications. Each experimental unit consisted of one pot with two 
plants. Five quantitative and seventeen qualitative characteristics were evaluated and the 
discrimination analysis was performed by Gower algorithm. It was concluded that there are differences 
among cultivars for all traits analyzed in both sowing dates, except for the opening of the petioles of the 
unifoliolate leaves. The use of Gower algorithm was efficient in the evaluation of discriminatory 
capacity of quantitative and qualitative characteristics simultaneously, demonstrating that they are 
useful as soybean descriptors. 
 
Key words: Glycine max (L.), law on plant variety protection, productivity, qualitative variables.  

 
 
INTRODUCTION 
 
The expansion and establishment of agricultural frontiers 
was only possible due to the development of cultivars 
with high yield, broad adaptation to different 

environmental conditions, and resistant to pests and 
diseases (EMBRAPA, 2011). In Brazil, the protection of 
intellectual property rights on  the  varieties  is  performed
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by obtaining the protection certificate. To get this, it is 
necessary to prove the new plant variety is distinct, 
uniform, and stable. The distinction is made by a 
minimum margin of descriptors, specific to each species 
(Neto et al., 2005). 

Currently, 38 descriptors are used among the 
mandatory and additional to prove the distinction of 
soybean cultivars required for protection. However, these 
are still insufficient, mainly due to the narrow genetic 
base of this specie in Brazil (Boldt et al., 2007; Nogueira 
et al., 2008). There is therefore a clear need for studies 
aimed at identifying new descriptors for soybeans in 
order to expand the list of already used in the 
differentiation of soybean cultivars. 

There are reports relating to effects of genetic 
differences for the hypocotyl length (Knittle and Burris, 
1979; Nóbrega and Vieira, 1995). Costa et al. (1999) also 
reported that the variation in hypocotyl length is assigned 
to genetic differences among cultivars. In order to 
separate seeds that have the same characters, 
Dorchester (1945) used as auxiliary trait, the base shape  
of unifoliate leaf (acuminate, straight and auriculate), 
concluding that the shape of the leaf has well-defined 
characteristics, although there is variation within the 
same cultivar.  

Nogueira et al. (2008) identified the hypocotyl and 
epicotyl length as being useful in soybean genotypes 
distinction. To evaluate the significance of a variable to 
descriptor, several statistical methods can be used. 
However, most of these take into account only 
quantitative variables, although the joint analysis of 
quantitative and qualitative variables potentially raises the 
chances of new varieties distinction. A technique that 
allows the simultaneous analysis of quantitative and 
qualitative data was proposed by Gower (1971) by 
means of an algorithm that estimates the similarity 
between two individuals using continuous data and 
discrete distributions.  

The technique proposed by Gower (1971) allows that 
values of distance matrix stood between 0 and 1. Having 
the distance matrix is performed in a single cluster 
analysis for the different variables. This grouping has in 
principle to join the accesses in groups, so that there is 
uniformity within and heterogeneous between groups 
(Gonçalves et al., 2009). 

Although this analysis have been proposed more than 
40 years ago. Only in recent years, it has been the most 
frequently used to quantify the genetic dissimilarity in 
Brassica napus L. (Rodriguez et al., 2005), Triticum 
aestivum L. (Vieira et al., 2007), Solanum lycopersicum 
(Gonçalves et al., 2008), and Capsicum spp. (Moura et 
al., 2010) for example. However, their use in the 
identification of morphological descriptors was not 
reported. This may be due to lack of knowledge of 
statistical techniques that allow this approach and the 
lack of free computer programs that can  analyze  such  a  

 
 
 
 
procedure (Rocha et al., 2010).  

Thus, this study aimed to identify and evaluate new 
morphological traits for purposes of differentiation of 
soybean cultivars using Gower algorithm. 
 
 
MATERIALS AND METHODS 
 
The experiment was carried out in soybean breeding program, in 
greenhouse in the Department of Plant Science at the Federal 
University of Viçosa, Minas Gerais, Brazil. Two experiments were 
performed, one in the summer (December) and another in the 
winter (May). 

To express a possible influence of environmental variations in the 
discrimination capacity of the genotypes through of the evaluated 
characteristics, the control of temperature or brightness were not 
performed, since by stability criterion, the discrimination ability of a 
descriptor can not be influenced by environmental variations.  

The treatments consisted of 10 soybean cultivars: BRS 
Carnaúba, BRS Candeia, BRS 278 RR, BRS 271 RR, BRS Tracajá, 
UFVTN 105 AP, TMG 401, BRSMG 68 (Vencedora), TMG 801, and 
FMT Tucunaré, which were arranged in a randomized block design 
with four replications and each experimental unit consists of a pot 
with two plants. 

In total, 22 characteristics were evaluated, which were not used 
as soybean descriptors, being five qualitative [base shape of 
unifoliate leaf (BSUL), phyllotaxy of the first pair of trifoliate leaves 
(PFTL), depression in the pod (DV), hypocotyl color (HC), and size 
of pod apiculus (SPA)] and seventeen quantitative traits [hypocotyl 
length (HL), plant height (PH), epicotyl length (EL), length of the 
first internode (LFI), petiole length of the first trifoliate leaf (PLFTL), 
petiole length of the unifoliate leaf (PLUL), rachis length of the first 
trifoliate leaf (RLFTL), angle formed by the insertion of petiole of the 
unifoliate leaf (APUL), opening angle of the petioles of the 
unifoliolate leaves (OAPUL), stem diameter (SD), being these 
measured only once when the plants were in stage V3 (Fehr and 
Caviness, 1977). 

The measurements made from pods were: length (PL), diameter 
(PD), thickness (PT), thickness of bandaging (TBP), and curvature 
(PC), which are measured in ten pods of three seeds from each 
experimental unit. Finally, the width (HW) and the length of the heel 
(HL) obtained in a seed pod each were evaluated. With the 
information collected, an analysis of variance was performed to 
verify the existence of genetic variability among the materials 
evaluated for the traits studied. 

The ability of joint discrimination of traits that have proven useful 
in distinguishing cultivars was estimated by genetic distance matrix 
obtained by Gower algorithm (1971), expressed as: 
 

 

 
where k is the number of variables (k = 1, 2, ..., p); i and j are two 
individuals representing the access; Wijk is the weight given to ijk 
comparison, assigning value 1 for valid comparisons and 0 for 
invalid comparisons (when the variable value is missing in one or 
both individuals); Sijk is the variable contribution k in the similarity 
between i and j individuals, with values between 0 and 1. For a 
qualitative variable (nominal), if the value of the variable k is the 
same for both individuals i and j, then Sijk = 1, otherwise it is equal 
to 0; for a quantitative variable (continuous) Sijk = 1 - | xik - xjk | / 
Rk where xik and xjk are values to variable k for individuals i and j, 
respectively, and Rk is the range (maximum  minus  minimum),  the  



 
 
 
 
 
variable k in the sample. The division by Rk eliminates the 
differences between the variables scales, producing a value within 
the range [0, 1] and equal weights. 

The graphical representation of genetic distances was obtained 
by Unweighted Pair-Group Method Using an Arithmetic Average 
(UPGMA) method, the cut-off point in dendrogram was obtained by 
Mojema method. The data were analyzed by the program genes: 
Biometrics (Cruz, 2013). 

 
 
RESULTS AND DISCUSSION 
 
A necessary condition for a trait to be useful in 
differentiation of the cultivars is the existence of genetic 
variability. For most quantitative variables, there were 
significant differences by the F test, except for the AAFU 
characteristic (Table 1). In addition to distinctness, 
stability can be observed by the uniformity of variability in 
two sowing dates. 

Genetic variability among soybean cultivars for the 
characteristics hypocotyl length, epicotyl length, petiole 
length of unifoliate leaf, petiole length of the first trifoliate 
leaf, rachis length of terminal leaflet in the first trifoliate 
leaf and shape of unifoliate leaf had reported itself by 
Nogueira et al. (2008), demonstrating that they can be 
useful as additional soybean descriptors. 

Table 1 also presented the genotypic determination 
coefficient (H

2
) for quantitative traits evaluated in two 

sowing dates. Large genetic influence was found for most 
traits at different times, with values ranging between 
0.716 and 0.939, showing little environmental effect, 
however, the variables OAPUL, APUL, and HL showed 
minimum values of 4.5, 55.8, and 64.9%, respectively, 
showing significant environmental effect. 

The coefficients of variation of all variables showed 
values of low to high magnitude, ranging from 2.94% to 
PT trait in the experiment conducted in the summer up 
24.04% for RLFTL also in the summer (Table 1). High 
values of coefficient of variation were also obtained by 
Nogueira et al. (2008) for RLFTL. The high CV values 
can be associated with non-homogenization of traits 
during the cultivars development process. 

In Figures 1, 2 and 3, the discrimination capacity of the 
traits are measured by the amount of cultivars that are 
isolated below the cutting line, so that the more 
genotypes are isolated, the greater the possibility of using 
characteristics as descriptors.  

Results for discriminatory ability of the traits, quantitative, 
and qualitative, considered together are as shown in 
Figure 1, in which the groups formed by the cultivars in 
summer and winter conditions are demonstrated. 

Excluding the trait OAPUL, which did not show 
variability among genotypes analyzed, the remaining 21 
morphological traits did not allow a complete distinction of 
all varieties. However, in the summer, sowing was 
possible to differentiate the varieties to each other, 
except  for  the  BRS  271  RR,  BRS,  and  BRS  Tracajá  
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Carnauba which formed a distinct group of the others and 
BRS 278 RR and BRS MG 68 (Vencedora), which were 
also together in one group (Figure 1A). 

In winter sowing, the traits provided a distinction of 60% 
of the studied varieties. However, it is not enough to 
make differentiation of BRS Carnaúba of the BRS 271 
RR and of BRS Candeia of the BRS 278 RR (Figure 1B). 
The efficiency of the use of quantitative and qualitative 
morphological characteristics together for discriminating 
cultivars by Gower algorithm becomes clear when 
compared with their effectiveness in distinguishing 
materials with the results which were obtained when they 
were used only quantitative or qualitative variables. 

In summer sowing, the use of variables together 
provided a distinction of 50% of all cultivars (Figure 1A), 
while only the use of quantitative variables (Figure 2A) 
did not provide the differentiation of any cultivar 
individually, forming only two major groups. In turn, the 
use of only qualitative variables (Figure 3A) allowed the 
differentiation of 20% of the evaluated materials. 

In winter, the simultaneous use of quantitative and 
qualitative variables resulted in the differentiation of 60% 
of the cultivars (Figure 1B), while when none of the 
quality characteristics (Figure 2B) was being considered, 
there was no distinction of individual cultivar, with only 
the formation of three groups of similar cultivars to each 
other. The use of qualitative variables only (Figure 3B), 
allowed the distinction of 40% of the cultivars. 

These results indicate the possibility of using the 
Gower algorithm in soybean genotypes distinction when 
quantitative and qualitative traits are evaluated together, 
resulting in a more efficient discrimination since a greater 
number of descriptors will be considered. 

It should be noted that cultivars that were not 
distinguished in the discrimination analysis of the two 
sowing periods (Figure 1) does not imply the futility of 
variables to differentiate cultivars, because the number of 
adopted traits was limited. Thus, by including traits 
already used as descriptors with the new identified, can 
improve the efficiency of the discriminatory capacity. 
Since it was not used in this analysis, none of the 38 
descriptors already used in soybean analysis, 
differentiation of 60% of 10 cultivars strengthens the 
possibility of using traits as descriptors. Since the 
analysis of a larger quantity of cultivars possibly would 
result in higher levels of discrimination. With regard to 
lack of consistency in the classification of cultivars 
between the different sowing dates, a likely explanation is 
the lack of homogeneity of cultivars for the traits 
evaluated that have not yet been considered in the 
process of selection and breeding of the species. The 
same effect was observed by Nogueira et al. (2008) who 
studied the efficiency of discriminant analysis in the 
differentiation of soybean cultivars for new descriptors. 

According to Vieira et al. (2009), the morphological 
traits evaluated at the seedling stage and  that  evaluated  
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Table 1. Mean square of the genotypes (MSG), coefficients of variation (CV%) and genotypic determination coefficient (H2) of quantitat ive 
characteristics; hypocotyl length (HC), plant height (PH), epicotyl length (EL), length of the first internode (LFI), petiole length of the unifoliate 
leaf (PLUL) petiole length of the first trifoliate leaf (PLTL), rachis length of the first trifoliate leaf (RLFTL) angle formed by the insertion of 
petiole of the unifoliate leaf (APUL), opening angle of the petioles of the unifoliolate leaves (OAPUL), stem diameter (SD), pod length (PL), 
pod diameter (PD ), pod thickness (TP), thickness of the pod bandaging (TPB), pod curvature (PC), heel width (HW) and the heel length (HL) 
in soybean cultivars in the summer sowing (December) and winter (May) in Viçosa-MG. 
 

Character 
Summer  Winter 

QMG H
2
 Average CV%  QMG H

2
 Average CV% 

HC 4.807 ** 86.5 3.506 11.845  6.161 ** 88.5 3.564 11.761 

PH 339.215 ** 91.6 25.691 10.455  166.657 ** 83.2 25.691 11.217 

EL 7.103 ** 85.5 5.130 14.122  14.126 ** 89.4 4.882 12.917 

LFI 9.439 ** 79.6 5.117 14.199  7.702 ** 76.2 4.693 15.458 

PLUL 268.396 ** 92.3 13.768 17.668  320.244 ** 94.5 14.503 14.276 

PLTL 7.450 ** 78.4 8.216 8.211  12.325 ** 81.8 7.7752 10.188 

RLFTL 59.330 ** 82.3 7.790 21.798  42.423 ** 74.2 7.125 24.041 

APUL 1184.62 ** 79.0 67.075 13.064  533.149 ** 55.8 52.843 15.200 

OAPUL 318.129  4.5 121.58 17.199  316.718  04.9 144.13 9.299 

SD 7.969 ** 77.0 6.830 11.035  11.398 ** 86.3 5.806 11.669 

PL 1.002 ** 84.4 4.889 4.360  1.151 ** 91.9 5.074 3.077 

PD 3.254 ** 77.5 6.532 6.886  3.446 ** 87.1 6.647 5.112 

TP 2.324 ** 79.2 3.984 9.475  2.257 ** 85.9 9.737 2.944 

TPB 1.900 ** 72.3 7.695 5.009  2.937 ** 90.1 7.825 3.497 

HW 0.435 ** 82.4 1.549 9.244  0.269 ** 64.9 1.481 10.736 

HL 0.438 ** 71.6 3.553 6.008  1.505 ** 83.1 3.576 7.412 

PC 23.564 ** 89.5 3.973 20.992  29.808 ** 93.9 3.997 16.938 
 

**,*Significant at 1 and 5% probability by F test, respectively. 

 
 
 

 
 

Figure 1. Dendogram of the similarity pattern between 10 soybean cultivars based on qualitative and 
quantitative traits, obtained by the UPGMA method through Gower algorithm in the summer sowing [A] 
and Winter [B].  
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Figure 2. Dendogram of the similarity pattern between 10 soybean cultivars based only on quantitative 
characteristics, obtained by the UPGMA method through Gower algorithm in the summer sowing [A] and 
Winter [B]. 

 
 
 
 

 
 

Figure 3. Dendogram of the similarity pattern between 10 soybean cultivars based on the qualitative 
characteristics obtained by the UPGMA method through Gower algorithm in summer seeding [A] and Winter [B]. 
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in the seeds should be preferred, as they allow the rapid 
achievement of a result, thus, there is no need to wait for 
adult plants. The BRS Candeia, BRS Tracajá, UFVTN 
105 AP, TMG 401, BRSMG 68, GMT 801 and FMT 
Tucunaré showed morphological traits in seeds and 
seedlings that were helpful to their separation from other 
cultivars. 

Some qualitative morphological descriptors were 
specific to a small number of varieties, as the opposite 
phyllotaxy of the first couple of trifoliate leaves present 
only in cultivar TMG 801 and FMT Tucunaré; auriculate 
form of the base of unifoliate leaf in TMG 801 and 401 
cultivars; pod depression, which was visible only in the 
cultivar TMG 401 RR and pod prominent apiculus in 
UFVTN 105 AP. The quantitative descriptors in turn were 
also able to differentiate the genotypes as it provided a 
refinement distinction in two sowing dates (Figures 2 and 
3). 

Vieira et al. (2009), Nogueira et al. (2008), and Boldt et 
al. (2007) also suggested new morphological descriptors 
based on the evaluation of seedlings and pod, for 
soybeans, since the 38 descriptors recommended by the 
SNPC have not been sufficient.  

The assessed morphological descriptors allowed the 
characterization and distinction of most cultivars, being 
useful for the distinctness, uniformity and stability (DUS 
testing). 
 
 
Conclusions 
 
The evaluated soybean cultivars presented genetic 
variability to the characteristics  basis shape of unifoliate 
leaf, phyllotaxy of the first pair of trifoliate leaves, pod 
depression, hypocotyl length, plant height, epicotyl 
length, length of the first internode, length of the petiole of 
first trifoliate leaf, length of the petiole of the leaf 
unifoliate, length of the rachis of the first trifoliate leaf, 
angle formed by the insertion of petioles of unifoliate leaf, 
pod length, pod diameter, pod thickness, thickness of 
bandaging pod, pod curvature, heel width end, and the 
hilum length . 

The use of Gower algorithm was efficient in evaluation 
of the discriminatory capacity of quantitative and 
qualitative characteristics simultaneously in soybean. 
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The sweet orange, Citrus sinensis L. is an important fruit crop in Nigeria and its production is seriously 
constrained at maturity by attack of the fruit fly, Ceratitis capitata which results in severe yield loss. 
Effects of attack by C. capitata on fruit morphology and nutritional characteristics of C. sinensis from 
selected sites in southwest Nigeria were investigated. Twenty five mother citrus trees with >45 cm 
diameter at breast height (DBH) were randomly selected at two plantation sites: Ede (Osun state) and 
Olodo (Ogun state) in southwestern Nigeria. Ten mature fruits, plucked randomly from four cardinal 
sections of each tree were classified based on levels of infestation. Effects of attack on fruit 
morphometrics were assessed by standard measurements while the effects on fruit quality were 
determined by proximate and mineral analyses. Results indicated that attack by C. capitata was 
characterized by oviposition punctures which predisposed the fruit to secondary infection by 
Penicillium notatum. Fruits were attacked at any point on the surface but significantly more at about 2 
cm from the fruit stalk scar. Multiple attacks did not follow a regular pattern. Fruit attack by C. capitata 
significantly decreased moisture content of fruit by 79% and mineral content; calcium, phosphorous, 
copper, zinc and iron  while percentage dry matter, crude protein and crude fiber decreased 
significantly (P<0.50) with increased infestation. Fruit infestation also caused significant decrease in the 
vitamin C content by about 50% but increased saccharose, maltose and glucose content of attacked 
fruits by about 10%.  
 
Key words: Citrus sinensis, multiple infestations, Ceratitis capitata, fruit morphometrics, Penicillium notatum 

 
 
INTRODUCTION 
 
Sweet orange (Citrus sinensis L.)  is the most widely 
grown  fruit  crop  in  Nigeria and   throughout   the   world 

(Morton, 1987; Yang et al., 2000) for its richness in 
essential minerals and vitamins (Olaniyan, 2001;  Onibon 
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Table 1. Agro-ecological characteristics of the survey sites. 
 

Location Lat. °E Long. 
o
N Altitude (m) Rainfall (mm) 

Temperature (°C) Relative humidity 
(%) Min. Max. 

Ede, Osun State 4.25 7.43 300 2000 22 27 50-80 

Olodo, Ogun State 3.37 7.20 200 2500 21 27 60-80 

 
 
 
et al., 2007; Janati et al., 2012; Ekpete et al., 2013). 
However, production of citrus fruits is constrained at 
fruiting by pests; causing partial or total fruit loss (Parra et 
al., 2004).  The Mediterranean fruit fly, Ceratitis capitata 
is a major fruit insect pest of sweet orange and the 
symptoms of its attack include different kinds of 
morphological distortions on the fruit surface which could 
predispose the mature fruit to infections by pathogens 
(Weems, 1981; Helle, 1989). Christenson and Foote 
(1960) had reported that the genus Ceratitis originated in 
Africa. It is well known that C. capitata has the most 
extensive geographical distribution among the pests of 
citrus. However, due to the devastating effects of this 
pest as an invasive species, citrus fruit consuming 
countries have imposed strict quarantine regulations on 
importation from endemic countries (Okwu and Emelike, 
2006).  

Citruses are attacked by a complex of many pests and 
diseases which often demand expenditures in the order 
of 160 million US dollars to initiate and effect control in 
order to avoid what could develop into total loss (Parra et 
al., 2004). These species which constitute the harmful 
entomofauna of this crop include the fruit flies, scale 
insects and mite species among others (Parra et al., 
2004).  

The fruit flies constitute a complex group of dipteran 
insects known to be characteristically polyphagous; 
attacking different kinds of crops. The extent of damage 
by the pest depends on the host crop, the agro-ecological 
characteristics of the location where the host crop is 
established as well as the fruit fly species; thus it 
becomes important to identify, classify and characterize 
the damage caused by C. capitata to C. sinensis in the 
southwest Nigeria.  

This paper reports the effects of infestation by this 
insect pest on some morphological characteristics and 
nutritional quality of fresh fruits of sweet orange attacked 
by this insect pest and its implication for secondary 
infection by fungal pathogens. 
 
 
MATERIALS AND METHODS 
 
The study was carried out in two years on two farmers' fields in two 
states of southwestern Nigeria. Fresh fruits of citrus were sampled 
from mixed plantations of citrus and lemon from two sites located in 
Ede (Osun state) and Olodo (Ogun State). The samples were 
sorted and assessed for attack by C. capitata. Field collected 
samples of the insect were identified at the Insect Reference 
Collection  and  Identification  Centre  of  the  Department  of   Crop 

Protection and Environmental Biology (CPEB), University of Ibadan, 
Nigeria and by comparison with published samples (Alford, 1984). 
Detailed observation and fruit classification were carried out at the 
Entomology Research Laboratory, Department of CPEB, UI, 
Ibadan, Nigeria. Biochemical analyses for effects of attack on the 
nutritional characteristics of the samples were conducted at the 
Central Laboratory, Institute of Agricultural Research and Training, 
Moor Plantation, Ibadan, Nigeria. 

 
 
Agro-ecological characteristics of the study sites and 
confirmation of pest’s identity 
 
The agro-ecological characteristics of the two survey sites are 
presented in Table 1. The first site: Ede is located in Osun State, 
Nigeria; with a bimodal annual rainfall of 2000 mm which peaks in 
June and September. The field was a mixed orchard of C. sinensis 
and C. limon. The stands of C. sinensis were distributed at 15 
stands/50 m2. The second site: Olodo village is located in Ogun 
State; also with a bimodal annual rainfall of 2500 mm which peaks 
in June and September. This field was also a mixed orchard with C. 
sinensis as the predominant species occurring at 18 stands/50 m2. 
The agro-ecological characteristics of these sites were conducive to 
field infestation of Citrus fruits by C. capitata. 

 
 
Pest sampling  
 
Fifty mother citrus trees with ≥ 75 cm Girth at Breast Height (GBH) 
were randomly selected per study site. Five fruits were carefully 
harvested randomly per tree and thereafter sorted, examined and 
classified based on morpho-physical characteristics of damage on 
the attacked fruit into four groups (Table 1). Each fruit was 
particularly examined for oviposition puncture that was 
characteristic of female C. capitata on the outer surface of the fruit 
epicarp.  

 
 
Characterization and classification of severity of field 
infestation by C. capitata on C. sinensis 
 
Ten fruits were randomly selected from each class of attack (Table 
2) and examined for the following morpho-physical parameters. 
 
1. Fresh fruit weight (g) using a Chemical balance 
2. Fresh fruit diameter (cm) via a transverse cut through the mid 
section of fruit 
3. Fresh fruit diameter through a longitudinal section across the two 
fruit scars 
4. Distance of oviposition puncture to the fruit stalk   
 

The fruits were further examined to detect qualitative alteration of 
colour, secondary attack by other arthropods, opportunistic 
infections, surface damages and internal morphological changes. 
Field infestation of C. sinensis by C. capitata was classified based 
on the percentage of fruits attacked per tree (Table 3).   
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Table 2. Classification of field infestation of citrus fruit by Ceratitis capitata. 
 

Classification Description 

Unattacked No observable oviposition puncture and therefore used as the control 

Single attack  One point of oviposition puncture 

Double attack  Two points of  oviposition punctures 

Multiple attack  More than two oviposition punctures 

 
 
 

Table 3. Classification of severity of field infestation by C. capitata in sampled trees of C.sinensis. 
 

Class of infestation Description of severity of field infestation 

Unattacked 0% infestation 

Mild infestation 1-5% of fresh fruit samples with at least one. Oviposition puncture/larval exit hole 

Severe infestation 6-25% of randomly selected fresh fruits with at least one oviposition mark/larval exit hole 

Very severe infestation  > 25% of randomly harvested fresh fruit with at least one oviposition mark/larval exit hole 

 
 
 
Table 4. Morpho-physical characteristics of infested and uninfected fruits of citrus sinensis by C. capitata. 
 

Class of 
infestation 

Fresh weight of citrus 
Description of physical distortion 

Weight (g) Length (cm) Width (cm) 

Unattacked 170.5
a
 7.2

a
 7.26

a
 None 

Single attack 198.5
b
 7.31

a
 7.32

a
 Fruit Surface with one exit hole, surface hard;  discolored brown 

Double attack 198.5
b
 7.36

a
 7.35

a
 

Surface around exit widens, becomes hard and appeared/ 
compressed;  about 3 .5mm radius (coloured brown and dry) 

     

Multiple attack 194
b
 7.4

a
 7.45

a
 

Fruit surface with three or more larval exit holes; up to 4mm 
radius around exit hole; appeared compressed, discoloured 
brown, hard and dry; sells rottenness 

 

Means followed by same letter in the same column are not significantly different (Tukey HSD, P>0.05); site. 
 
 
 

Isolation and identification of field pathogens associated with 
oviposition puncture of C. capitata on C. sinensis 
 
Ten diseased samples of fresh fruits of citrus collected from the 
field were used for this study in the laboratory. All samples were 
initially surface sterilized with sodium hypochlorite to remove 
external infections and thereafter rinsed several times with distilled 
water before blotting to dry on filter paper. A flamed wire loop was 
used to pick a little part of the discolored fruit at the oviposition 
puncture area created by C. capitata. All the scooped samples 
including an uninfested were streaked and thereafter plated on 
potato dextrose agar (PDA) in sterilized plastic Petri-dishes and 
incubated at room temperature control in three replications. The set 
up was observed for outgrowth of pathogens on the scooped skins 
for 48 to 72 h.  

The emerged pathogens were sub-cultured in fresh PDA to 
obtain a pure culture of each pathogen sample. Each preparation 
was flamed gently on a Methylated spirit lamp to remove air 
bubbles before examination under microscope at increased 
magnification. 
 
 
Effects of attack by C. capitata on proximate and other 
metabolites of citrus fruits  
 
Samples were  randomly  selected  from  each  class  of  infestation 

from each site in three replicates and analyzed for proximate, 
mineral and vitamin components at the Institute of Agricultural 
Research and Training, Moor Plantation, Ibadan using the official 
methods of AOAC (1990).  
 
 
Statistical analysis 
 
All the data were analyzed using descriptive statistics and analysis 
of variance and where significant, the means were separated using 
Tukey HSD test at 5% level of probability (SAS, 1990). 

 

 

RESULTS AND DISCUSSION 
 
Morpho-physical damage to infested fresh fruits of C. 
sinensis by C. capitata 
 
The Morpho-physical characteristics of fruits of C. 
sinensis attacked by C. capitata and the subsequent 
distortions caused by the feeding activities of the 
developing larva inside the hesperidium are presented in 
Table 4. Infestations by C. capitata caused significant 
increase in the fresh fruit size of C. sinensis. Although the  



970          Afr. J. Agric. Res. 
 
 
 
Table 5. Morphometrics of fruits of C. sinensis attacked by C. capitata in two locations in southwest Nigeria. 
 

Degree of attack 
Fruit length (cm) Fruit diameter (cm) Fruit weight (g) 

Ede Olodo Ede Olodo Ede Olodo 

Control 22.7
a
 24.3

a
 7.3

a
 7.7

a
 178.8

a
 219.0

a
 

Single 23.2
a
 22.7

a
 7.7

a
 7.2

a
 213.8

a
 189.0

a
 

Double  26.8
a
 23.7

a
 7.5

a
 7.6

a
 196.0

a
 206.0

a
 

Multiple 23.3
a
 23.2

a
 7.4

a
 7.4

a
 188.0

a
 194.0

a
 

 
Means followed by same letter in the same column are not significantly different (Tukey HSD, P > 0.05); site A = Ede (Osun state); site B = Olodo 
(Ogun state). 

 
 
 

Table 6. Percentage field infestation of fruits of Citrus sinensis by Ceratitis capitata at two sites in the 
Southwest Nigeria. 
 

Classification of attack 
Mean percentage  of fruit attacked/ site 

Ede Olodo 

No attack 72 ± 4.32
a
 74 ± 2.83

a
 

Single point attack 14 ± 1.63
b
 16 ± 1.63

b
 

Double point attack 8 ± 1.63
b
 6 ± 2.83

b
 

Multiple point attack 6 ± 2.31
b
 4 ± 1.63

b
 

 

Means followed by same letter in the same column are not significantly different (Tukey HSD, P > 0.05); site. 

 
 
 
fruit length and width were not significantly affected by 
different levels of attack by the pest; yet, attack by this 
pest caused different levels of severity of physical 
distortions on the surface of attacked fresh fruits with 
increasing number of attacks per fruit. For example, the 
surface of fruits attacked with one exit hole just hardens 
and gets discoloured while those with two exit holes or 
more had the fruit surface discoloured at about 3.5 mm 
radius around the exit hole which widens and become 
brown and dry, hardened and appeared compressed. 
Similarly, the fruit surface with three or more larval exit 
holes which occurred usually up to around 4.0 mm radius 
around the exit hole; appeared compressed, discoloured 
brown, hard and dry with foul smell of rottenness (Table 
4).  

Thus, field attack by C. capitata caused a characteristic 
water-soaked area with rancid odour oozing out of the 
infested fruit. Although there were visible physical 
distortions of the original spherical shape on the surface 
of the citrus fruit, there was no significant (P>0.05) 
difference between the diameter of attacked fruits and the 
control (Table 5). Each fly-exit hole on the fruit surface 
was 1.3 to 2.4 mm in diameter and the area around the 
puncture appeared hard and dehydrated.  

There was however a significant increase (P<0.05) in 
fruit weight with increase in the number of oviposition 
punctures compared to the control (Table 5).  Although, 
another very important fruit fly, Bactrocera dorsalis 
appears to compete and displace this pest in some 
orchards in Nigeria (Sapkota et al.,  2010); C. capitata is 
a very important pest of agriculture that attacks several 

fruit crops like citrus, mango and apples (White and 
Elson-Harris, 1992). Damage to fruits is done first by the 
adult; which deposits its eggs by piercing the fruit with the 
ovipositor and also by the feeding larvae within the 
damaged fruit. These inflict heavy losses on the fruit yield 
of the citrus tree. This pest is economically important as it 
causes direct loss of yield and increased control costs 
(Bateman, 1972; Dowell and Wange, 1986; Okwu and 
Emelike, 2006).   

It also leads to a great reduction and loss of export 
markets and/or the cost of constructing and maintaining 
fruit treatment and eradication facilities (Okwu and 
Emelike, 2006; Khamis et al., 2012). The fruit fly is 
considered a quarantine pest in many countries and this 
affects the export value of citrus fruits. The perception of 
farmers interviewed in this study agreed with Dowell and 
Wange (1986) that field infestation by C. capitata causes 
a lot of setbacks to citrus yield. 
 
 
Severity of field infestation of C. sinensis by C. 
capitata  
 
Field infestation of fruits of C. sinensis by C. capitata 
varied significantly (Table 3). Severity of fruit attack at the 
two sites ranged from 26 to 28% in the field. Of these, 14 
to 16% were single point attack; 6 to 8% of the fruits had 
double points attack while 4 to 6% had multiple points 
attack (Table 6). Crown infestations of all mother Citrus 
trees at the two sites also varied significantly (Table 7). 
Whereas, 72 to 74% of the sampled citrus trees were  
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Table 7. Citrus crown infestation by C. capitata in two locations in the southwest Nigeria. 
  

Class of infestation 
Percent crown infestation/site 

Ede Olodo 

Unattacked 0 0 

Mild infestation 72 74 

Severe infestation 16 18 

Very severe infestation  12 8 

 
 
 

Table 8. Effects of field infestation by C. capitata on the proximate composition of attacked and unattacked fresh fruits of citrus sinensis from 
two sites in the southwest Nigeria. 
 

Class of infestation 
Dry matter (mg) Crude protein (mg/100 g) Fibre (mg/100 g) Vit.C (mg/100 g) M.C.  (%) 

Ede Olodo Ede Olodo Ede Olodo Ede Olodo Ede Olodo 

Unattacked (Control) 20.00
a
 20.37

a
 0.41

a
 0.46

a
 0.84

a
 0.85

a
 48.47

a
 46.67

a
 79.00

a
 79.23

a
 

Single   18.57
b
 18.81

b
 0.33

b
 0.35

b
 0.67

b
 0.68

b
 37.44

b
 33.52

b
 64.13

b
 61.27

b
 

Double 16.50
c
 16.40

c
 0.22

c
 0.24

c
 0.44

c
 0.45

c
 23.95

c
 25.83

c
 40.57

c
 47.80

c
 

Multiple 13.25
d
 13.30

d
 0.13

d
 0.11

d
 0.21

d
 0.28

d
 18.18

d
 20.29

c
 27.70

d
 29.7

d
 

LSD(0.05) 0.75 0.85 0.06 0.05 0.06 0.06 3.38 6.17 1.60 1.15 
 

Mean followed by the same letter in the same column are not significantly different (P>0.05). 
 
 
 

classed as mild infestation, 16 to 18% of the trees had 
severe infestations while 8 to 12% had very severe 
infestations. Damage to fruits of citrus and other host 
plants by fruit fly species is directly related to severity of 
field infestation (Nasiruddin et al., 2002)   and   so;   it is 
particularly important to distinguish between attacks of 
different Tephritid species. Further characterization of the 
nature and specificity of physical damage to citrus by C. 
capitata is underway; and this would help field 
characterization of damage by specific fruit fly species to 
different host crops. 
 
 
Morphophysiology and microbial spoilage of citrus 
fruit at oviposition punctures created by C. capitata 
 
Morphological assessment of the surface around each 
point of attack up to 3.5 cm radius showed a somewhat 
compressed epicarp with a characteristic dehydrated and 
hardened surface. The original spherical shape of the 
orange fruit was distorted. The 3 to 5 mm surface on the 
fruit; around the exit hole turned brownish to black with a 
characteristic foul odour; indicating decay and collapse of 
fruit cells within the hesperidium as the deposited eggs 
begin to hatch and the larvae feed. This indicates that the 
factors of damage is the larvae developing inside the fruit 
and the associated pathogens that attack as 
consequence of attack by the flies (Okwu and Emelike, 
2006; Khamis et al., 2012).  

Initially, the oviposition puncture on the fruit surface 
was difficult to spot by an untrained and unaided eye but 
this point later became visible as  a  needle  point  with  a 

characteristic black dot which spreads with time on the 
fruit surface. After pathogenicity test, the ‘black points’ on 
the oviposition puncture/exit hole were confirmed to be 
colonies of Aspergillus sp. and Penicillium sp. The extra 
cellular digestive activities of the pathogens degraded the 
nutritional components of the attacked fruits; thus the 
surface around the infected puncture/exit hole became 
hardened with time. The degree of surface distortion was 
directly related to the number of exit holes appearing as 
dent patches. It is believed that the holes created at 
oviposition had provided opening for opportunistic 
infection by pathogens particularly Penicillium notatum. 
Characteristically, the openings became rusty, hard and 
the spoilage spread from the locus. 

Attacked fruits also had a characteristic rancid smell 
which resulted from the feeding activities of the larvae 
and the decay organisms encountered. From this study 
also, it is evident that the growth, development and 
feeding activities of the larvae of C. capitata caused 
extensive damage to the juicy endocarp. This was 
characterized by an offensive odour while the juice also 
tasted bitter. The deterioration and shrinking of the 
infected fruit is believed to have been increased by the 
fungus P. notatum encountered. 
 
 
Effects of infestation by C. capitata on the nutritional 
composition of citrus 
 
Infestation caused very significant depletion of the 
nutritional content of the attacked fruits especially in the 
carbohydrate and  minerals  (Tables  8  to  10).  Similarly,  
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Table 9. Effects of field infestation by C.capitata on different types of carbohydrate in fresh fruits of C. sinensis.  
 

Class of infestation 
Saccharose (mg) Lactose (mg) Maltose (mg) Glucose (mg) 

Ede Olodo Ede Olodo Ede Olodo Ede Olodo 

Unattacked (Control) 6.26
a
 9.36

ab
 12.00

a
 9.98

a
 4.03

b
 7.50

a
 3.82

b
 5.93

ab
 

Single   12.53
b
 7.91

b
 11.21

a
 8.70

a
 8.33

a
 5.21 

b
 7.00

a
 5.06

ab
 

Double 12.61 
b
 1O.79

a
 4.82

b
 6.82

ab
 9.28

a
 7.20

a
 8.02

a
 6.01

a
 

Multiple 6.31
a
 6.67

bc
 4.70

b
 5.13

b
 2.96

b
 4.27

b
 2.34

b
 3.55

b
 

LSD(0.05) 1.86 1.85 2.67 2.38 1.78 1.48 1.84 2.44 
 

Mean followed by the same letter in the same column are not significantly different (P>0.05). 

 
 
 

Table 10. Effects of field infestation by C. capitata on the mineral composition of fresh fruits of C. sinensis. 
 

Class of infestation 
Calcium Phosphorus (mg) Copper Zinc Iron 

Ede Olodo Ede Olodo Ede Olodo Ede Olodo Ede Olodo 

Unattacked (Control) 67.60 69.33 51.63 49.05 0.007 0.003 0.65 0.67 0.09 0.07 

Single   40.95 42.89 31.27 31.18 0 0 0.44 0.45 0.05 0.02 

Double 21.28 20.84 16.89 16.32 0 0 0.23 0.21 0 0 

Multiple 9.47 0.65 9.52 9.48 0 0 0.11 0.11 0 0 

 
 
 
infestation caused significant reduction in the crude 
protein from 0.33 to 0.11 mg. This suggests that field 
infestation is serious and efforts should be directed at 
effective control of this pest.  Observations on the 
distance of first point of attack indicated by the oviposition 
puncture created by C. capitata from the fruit stalk did not 
show a particular trend or pattern in relation to the point 
of second and third attacks respectively. The preference 
for the distance between the first point of oviposition and 
the fruit scar is worthy of note.  

However, carbohydrate content of attacked fruits 
showed a peculiar trend which was different from the 
other parameters and metabolites under study (Table 9). 
From the result, the Saccharose, Lactose, Maltose and 
Glucose values increased in value with single and double 
point attack per fruit except for Lactose which significantly 
dropped to 4.82% (P<0.5). There was no significant 
difference between the values of Saccharose, Maltose 
and Glucose in the single and double point attack per 
fruit. The quantitative sugar values recorded for the 
multiple point attacks were not significant compared to 
the control except for lactose (P<0.05). The trend 
observed for the sugars could have been as a result of C. 
capitata attack on the oranges which resulted in 
deterioration of the fruit. Similarly, the level of 
disaccharide sugars reduced due to their conversion to 
monosaccharide. The drop in quantitative values 
generally observed at the multiple point attack stage 
could have been due to the stress caused by the feeding 
activities of the larva of Ceratitis growing inside the fruit.  

The result of the microbiological investigation of fungal 
growth on the rind of the sweet orange  confirmed  earlier 

studies by Adegoke (2000) which identified P. notatum as 
an invading and colonizing organism around the slit 
created by C. capitata at oviposition. The Penicillium 
derives its metabolites from the orange fruit. This could 
have been responsible for accelerated sweet orange fruit 
damage. It may also be partly responsible for the 
significant drop of the quantitative values of the sugar 
observed on the fruits with multiple point attack in this 
study.  

This is because the damage to the rind and endocarp 
was severe and larval/microbial activities increased at the 
multiple attack stage. The vitamin C content of 
unattacked sweet orange (control) in this study agreed 
with earlier reports by Morley (1987) which suggested 
that C. capitata attack and activities on the sweet orange 
fruit caused decreased values of vitamin C progressively 
as the severity of attack increased. The fruit dry matter 
content decreased significantly (P<0.05) with increased 
attack. This may be attributed to the growth and 
development activities of the larvae of C. capitata on the 
sweet oranges (Tables 8, 9 and 10). 

The saccharose content of attacked and unattacked 
citrus fruits reduced significantly with infestation at the 
two sites. Although, the differences between the 
saccharose content of fruits from the two sites with single 
attack and those with double attack were not significant 
(P>0.05), yet the saccharose content of fruits with single 
and double attack were reduced by as much as 50% 
compared to unttacked fruits.  

Whereas there was no significant difference between 
lactose and maltose content of single and non attacked 
fruits from both sites; the difference  between  the  double 



 
 
 
 
and multiple attacked fruit were significantly different 
(P<0.05) compared to the non attacked fruits (Table 9). 
At Ede, infestation caused a reduction of lactose content 
of attacked citrus fruit from about 12.0 to 4.7 mg; and at 
Olodo site, from about 10.0 mg to about 5.0 mg which 
translated to more than 50% loss. Similarly infestation 
caused a reduction of the maltose and glucose by more 
than 50%.  

The most abundant mineral element in citrus fruit was 
calcium (67.6-69 mg) followed by Phosphorus (49.0-51.0 
mg). Infestation caused significant reduction of the 
calcium from about 38% at single attack to about 86 to 
99% when the fruit suffered multiple attacks.  Similarly, 
infestation reduced the phosphorus content by about 
39% at single attack to about 86% when the fruit suffered 
multiple attacks. Infestation has a significantly high 
impact on the trace elements of copper, zinc and iron in 
which attacked fruits were depleted to zero levels.  
 
 
Conclusion  
 
This study had shown the oviposition activities of C. 
capitata and the subsequent development of the larvae 
caused extensive damage to the juicy endocarp and this 
reduced the quality of attacked fruits, making the juice to 
taste bitter and created site for and aggravate 
opportunistic infection by pathogens on the fruits 
especially by P. notatum. It also created rusty openings 
which become hard, spreading the spoilage from the 
locus and accelerating fruit deterioration and the 
shrinking of infected fruit. 
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Diallel crosses are important to the prediction of the best combinations among different heterotic 
groups of maize lines. The work objective was to estimate the combining ability among inbred lines 
from two heterotic groups to predict the best combinations in traits related to tassel and grain yield, 
conducted in five environments in the southern region. The inbred lines of the two heterotic groups are 
from the company KSP seeds. The tests were conducted based on crosses with partial diallel, using 15 
female parents and male parents 8, 2011/2012 agricultural harvest in five environments in randomized 
blocks design with three replications. The variables analyzed were tassel length (TL), distance from the 
last node to the first branch of the tassel (DLN), distance from the flag leaf to the first branch of the 
tassel (DFL), number of tassel branches (NB), mass thousand grains (MTG) and grains yield (GY). The 
data were submitted the individual and joint variance analysis, after were realized analyze partial diallel 
analysis. The additive effects were more important for group II, already to the group I the non-additive 
effects were more pronounced, for the traits tassel and of yield. The GCA (group I) of lines inbred 15; 4 
and 3-4 (group II) are favorable for increasing the grains yield. The crosses promising tassel traits been: 
1-3, 2-4, 3-3, 4-4, 7-3, 8-3, 9-3, 10-3, 10-4, 11-4, 12-4, 14-3 and 15-4. The crosses promising increasing of 
grains yield been: 1-1, 1-4, 2-3, 3-1, 3-4, 4-3, 4-6, 4-7, 5-3, 5-4, 6-3, 6-4, 7-4, 8-4, 9-4, 10-5, 11-3, 12-3, 14-4, 
15-2, 15-5 e 15-8. 
   
Key words: Combinatorial capacity, genic effect, diallel crosses, grain yield. 

 
 
INTRODUCTION 
 
Corn is one of the most cultivated cereal in the world; 
mainly due to its diversity of applications, both in food 
and  feed,  the   crop   promotes   several   agro-industrial 

complex, with great social and economic importance (Ku 
et al., 2010). According to the survey from Conab (2015) 
for   the   corn   crop   2014/2015,   Brazil    presented    a
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production of over 78 million tons, being the states of 
Mato Grosso (23.1%) and Paraná (18.52%) accounted 
for more than 40% of the national production of corn. 

The success of a genetic breeding program is 
conditioned by the efficient choice of parents, which when 
crossed produce superior hybrids. In this sense, the 
diallel crosses have great importance in predicting the 
best heterotic combinations (Paterniani and Viegas, 
1987; Hallauer et al., 2010; Cruz et al., 2012). 

In order to predict the behavior of the parents, the 
diallel crosses are employed in the study of genetic 
parameters, in the combining ability and in the gene 
actions that are involved in the character expression. 
Thereby, providing crucial information to meet the 
maximum heterotic expression in combinations (Hallauer 
et al., 2010). The use of techniques, such as diallels, 
which are intended to assist breeders in identifying the 
parents/lines with higher combining ability in different 
heterotic groups (partial diallel) are of great importance 
for the development of elite hybrids, with competitiveness 
in the market.  

The main models of diallel analysis employed are the 
balanced diallels, where all the possible combinations are 
performed, the peculiarity of this model is the limitation of 
working with a large number of parents. The partial 
diallels involve two heterotic groups of parents, allowing 
to maximize the information about the study groups with 
a lower number of crossings, yet the reciprocal effects 
are generally not estimated, allowing loss of additional 
information. Circulating diallels are represented in the 
design by the same number of crossings, but less than p-
1, reducing the number of total combinations, however 
losses of information occur regarding certain hybrid 
combinations, for being absent. Incomplete diallels are 
represented by a variable number of crossings, this 
design is a consequence of combinations losses. In the 
unbalanced diallels are estimated all hybrid combinations 
and also the other generations are represented, but in 
variable frequency due to the unequal number of 
replicates per treatment (Cruz et al., 2012). 

To Paterniani and Viegas (1987), the genetic breeding 
programs have been working with the joint selection of 
characters and directing attention to plant architecture for 
increased photosynthetic efficiency and use of 
photoassimilates. These changes, whether spontaneous 
or not, have provided changes in the morphological 
characteristics, especially of the tassel (Neto and 
Miranda-Filho, 2001). Apical structures have priority in 
the use of available resources, especially when subjected 
to conditions of stress (Sangoi et al., 2006). It were also 
identified, by techniques of biometric analysis in diallel 
crosses, associations of the tassel characters with 
characters such as ear height, ear placement, prolificacy, 
leaf angle, which in turn relate directly with mass of corn 
kernels (Mickelson et al., 2002; Jung et al., 2007; 
Andrade and Miranda-Filho, 2008). 

Thus, the  morphological  characteristics  of  the  tassel  
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have been gaining more attention from plant breeders in 
the prediction of crossings of inbred lines for tassel size 
reduction, due to the increased energy expenditure and 
the morphological changes associated with other 
phenotypic characteristics, as well as the gene actions 
that are involved in the expression of the characters 
(Neto et al., 1997; Sangoi et al., 2002; Westgate et al., 
2003; Edwards, 2011). Allied with these reasons, this 
study aimed to estimate the combining ability of maize 
inbred lines belonging to two heterotic groups by partial 
diallel analysis, to predict the best combinations, in the 
characters related to the tassel and grain yield, and 
identification of predominant gene effects for the 
characters in five environments. 
 
 

MATERIALS AND METHODS 
 
The inbred lines of the two heterotic groups used in the diallel 
crosses are from the breeding program of the company KSP Seeds 
Ltd., based in the city of Pato Branco - PR. The tests were 
conducted based on crossings with partial diallel scheme, using 15 
(female lineages) and eight (male lineages) from homozygous lines 
(S9). After performing artificial crosses, the F1 seeds were obtained, 
which were sown in the 2011/2012 harvest. 

The sowing of F1 hybrids was conducted in the 2011/2012 
harvest in five separate areas of the three states of southern Brazil. 
In Rio Grande do Sul, the test was conducted in the city of 
Frederico Westphalen, with the coordinates 27°23'80'' South 
latitude and 53°25'26 '' West longitude, with 480 m of altitude in the 
trial site, the region is located in the north of the state and has as 
main climate features average annual temperature of 18.8°C and 
average temperature of the coldest month of 13.3°C, with sub-
temperate, sub-humid type of climate. In Santa Catarina, the test 
was conducted in the municipality of Itapiranga, situated in the far 
west of Santa Catarina, with the coordinates 27°10'10 "South 
latitude and 53°42'44" West longitude, with 206 m of altitude, and 
temperatures in the coldest month of 13 and 30°C in the hottest 
month, with average monthly rainfall of 150 mm. In the state of 
Paraná, the tests were conducted at three sites. In Pato Branco, 
with the coordinates 26°13'44" South latitude and 52°40'15" West 
longitude, with 760 m of altitude in the trial place, with average 
temperature of the hottest month above 22°C, and of the coldest 
month, 18°C, with humid subtropical climate. Ampére with the 
coordinates 25°54'65'' South latitude and 53°25'39'' West longitude 
with 580 m above sea level in the place of the test, with minimum 
temperature of 13°C and maximum of 29°C, and average monthly 
rainfall of 170 mm. Clevelândia with the coordinates 26°21'52'' 
South latitude and 52°28'22'' West longitude, with 860 m of altitude 
at the site of the test, minimum temperature of 11°C and maximum 
of 27°C, monthly average rainfall of 170 mm. 

In the five environments, the partial diallel was conducted in 
experimental design of complete blocks with treatments at random, 
with three replications per location. The experimental unit consisted 
of two rows of five meters in length, spaced 0.70 m. The sowing 
lines were marked with no-till system seeder, thus, hybrid seeds 
from the crosses were sown by hand. Sowing was performed 
according to the agricultural zoning of each site (September 20 in 
Frederico Westphalen, September 22 in Itapiranga, September 25 
in Pato Branco, September 27 in Clevelândia and September 29 in 
Ampére). The soil management and cultivation were the same for the 
five sites, respecting the phenological stages and the requirement 
of the crop. After emergence and initial establishment of maize, it 
was held the manual adjustment of the population of the plots to 42 
plants  per  experimental  unit,  equivalent   to   60.000  plants   ha-¹. 
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Table 1. Joint partial diallel analysis resulting from the crossing of two heterotic groups with 15 lines of Group I and 8 lines of Group II, 
evaluated at five environments in the southern region. Frederico Westphalen-RS. 2015. 
 

SV 
Mean square 

DF DFL DLN TL NB TGW GY 

Crossing (C) 119 557.26** 1238.25** 9115.97** 625.39** 279617.05
**
 293738328.97** 

G.C.A. I 14 346.33** 723.64** 5771.39** 326.21** 184592.99
**
 188655708.23** 

G.C.A. II 7 2415.01** 5638.75** 40388.46** 3005.97** 1225917.91
** 

1360391542.52** 

S.C.A. 98 454.69** 997.44** 7360.01** 498.09** 225598.99
** 

232560616.68** 

Environment (E) 4 1.58
ns

 19.41** 56.39** 10.71
ns

 15716.27
** 

125541311.89** 

C x E 476 1.17
ns

 3.32
ns

 8.10
ns

 2.83
ns

 856.38
ns 

5077896.23
ns

 

GCA I x E 56 1.28
ns

 3.18
ns

 6.93
ns

 2.98
ns

 578.18
ns

 3446717.79
ns

 

GCA II x E 28 1.70** 7.99
ns

 15.72
ns

 3.25
ns

 2744.78
**
 18703010.06** 

SAC x E 392 1.11
ns

 3.01
ns

 7.77
ns

 2.78
ns

 761.24
ns 

4337699.30
 ns

 

Waste 1200 1.08 6.73 11.42 5.58 1155.74 6947083.83 

Overall Average 
 

14.94 22.23 60.41 15.67 333.14 11142.86 
 

DFL: Distance from the flag leaf to the insertion of the first branch of the tassel. DLN: Length of the last node to the first branch of the tassel. TL: 
Tassel length. NB: Number of tassel branches. TGW: thousand grain weight. GY: Grain yield. ** Significant at 1% probability of error. 

ns 
Non-significant 

 
 
 

The evaluated traits were tassel length (TL) in centimeters, 
distance from the last node of the stem to the first branch of the 
tassel (DLN) in centimeters, distance from the flag leaf to the first 
branch of the tassel (DFL) measured in the stem at the height of 
collar of the flag leaf to the insertion of the first branch in the tassel 
in centimeters, number of branches on the main stem of the tassel 
(NB), in units, thousand grain weight (TGW) measured by manual 
count of eight repetitions of 100 seeds, in grams and grain yield 
(GY), accomplished by manual harvesting of all experimental units 
and expanded to Kg ha-1. 

The data were submitted to individual variance analysis to verify 
the homogeneity of variances. Then, it was carried out joint analysis 
of variance to verify the significance of all sources of variation. 
Subsequently, the joint partial diallel analysis was performed, 
where, having interaction for combinatorial x environmental 
capacity, estimates were disrupted by environment, in the absence 
of interaction, estimates were snared by the average of 
environments. The analyzes were developed in the computer 
program Genes (Cruz, 2013). 

For the diallel analysis, it was followed by the model IV of Griffing 
(1956), adapted by Geraldi and Miranda-Filho (1988) for partial 
diallel, involving two groups of parents. For the joint diallel study, it 
was followed the statistical model, where; 

 

 

 
 
RESULTS AND DISCUSSION 

 
Analysis of variance showed significant effects by F test 
for DFL character for the hybrid and hybrid x environment 
variation sources, the TL character revealed significance 
for environment and hybrid x environment. The 
characters DLN, NB, TGW and GY showed significance 
for all variation sources of hybrid, environment and hybrid 
x environment, respectively. In all traits evaluated, the F 
test showed significance for hybrid x environment 
interaction. The presence of significance for interaction is 
often, due to the narrow genetic  base  of  simple  hybrids  

(Pinto et al., 2007; Oliboni et al., 2013). 
The joint diallel analysis showed significance for the 

source of variation of crossing for the characters tassel 
and yield. In the dismemberment of the source of 
variation, crossing, general combining ability (GCA I and 
II) and specific combining ability (SCA), it were found 
significant effects for all combining abilities (Table 1). 
This characteristic indicates that the set of lineages 
contribute differently to the crossings in which they are 
involved and also that the performance of hybrids differed 
to the expected based on the effects of the general 
capacity of parents (Oliboni et al., 2013). 
The group II of lineages showed the highest estimates of 
GCA mean squares for the characters tassel and grain 
yield, indicating that there was a predominance of 
additive gene effects in all lineages of group II, being their 
estimates higher than the group I of lineages and the 
SCA estimates (Table 1). Estimates of the mean squares 
of SCA were higher than the GCA of the group I of 
lineages, indicating that the non-additive effects are most 
important for the variation in this set of hybrids, similar to 
the results of Machado et al. (2009). In addition, the 
significant effects of specific combining ability (SCA) 
reported that there were different degrees of 
complementarity between the two heterotic groups for the 
assessed traits (Pinto et al., 2007). 

The joint diallel analysis reveals significant interaction 
effects for GCA II x environments for distance of the flag 
leaf to the first branch of the tassel (DFL), TGW and 
yield, this effect contributes to the results of Rodrigues et 
al. (2009), which state that the significance of the 
interaction indicates that the lineages contribute 
differently in the expression of the characters in distinct 
environments. The number of tassel branches, distance 
from the last node to the first branch and the length of the 
tassel  do  not  interfere  with  the  environment  for   both
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Table 2. Estimates of the average general combining ability for group I and II of lines evaluated at five environments in the 
southern region. Frederico Westphalen-RS. 2015.  
 

Group I DFL DLN TL NB TGW GY 

1 0.938 0.722 2.420 0.425 14.752 545.655 

2 -1.296 -1.436 -5.052 -1.085 -29.031 -943.148 

3 0.542 0.997 2.425 0.717 14.941 391.494 

4 2.577 4.216 10.863 3.139 56.637 1618.84 

5 0.922 0.975 2.107 0.669 16.461 635.227 

6 0.578 0.964 2.558 0.889 11.529 403.860 

7 -1.327 -1.881 -4.957 -1.219 -29.799 -877.159 

8 -1.283 -1.829 -5.057 -1.386 -30.811 -989.409 

9 -1.341 -2.010 -5.334 -1.447 -28.944 -826.219 

10 -1.251 -2.007 -5.393 -1.454 -25.820 -1091.592 

11 -1.260 -1.569 -4.780 -1.189 -30.119 -1065.149 

12 -1.333 -2.124 -5.535 -1.275 -26.825 -776.867 

13 0.504 0.848 2.512 0.344 16.067 531.717 

14 -1.201 -1.807 -4.616 -0.822 -31.213 -882.808 

15 4.231 5.940 17.841 3.694 102.175 3325.557 

Group II  

1 - -1.679 -4.483 -1.198 - - 

2 - -3.219 -8.571 -2.536 - - 

3 - 7.567 19.16 5.774 - - 

4 - 8.511 23.707 5.972 - - 

5 - -1.820 -4.508 -1.361 - - 

6 - -3.026 -8.332 -2.199 - - 

7 - -3.072 -8.382 -2.071 - - 

8 - -3.262 -8.591 -2.382 - - 
 

-- Characters with interaction GCA II x environment, results shown in Tables 3 and 4. *DLN: distance from the last node to the first 
branch of the tassel, TL: tassel length, NB: number of branches and for the group I to the characters distance from the flag leaf to 
the first branch of the tassel (DFL), thousand grain weight (TGW) and grain yield (GY). 

 
 
 
heterotic Groups I and II, which gives opportunity to 
interpretations in a single environment. The SCA x E 
interaction revealed no significant effects for the 
characters tassel and yield, in this way there is no need 
to explore specific combinations for each location (Oliboni 
et al., 2013). 

With respect to the estimates of general ability (Group 
I) for the characters distance from the flag leaf to the first 
branch of the tassel (DFL) and distance from the last 
node to the first branch of the tassel (DLN), the lines 2, 7, 
8, 9, 10, 11, 12 and 14 have negative estimates (Table 
2). Thus, the intersections of these lines would contribute 
to reduction of these tassel characters, according to 
Sangoi et al. (2002), minor amounts of nutrients and 
photoassimilates would be required by the hybrids, and 
besides, it would reduce the production of auxin, resulting 
in reducing the inhibitory effect on the growth and 
development of the female structure. 

Regarding the assessment of the effects of GCA 
(Group I) for the tassel length (TL), the lines 12 and 2 had 
negative estimates (Table 2), which are favorable from an 
agricultural point of view. On the other hand, lines 1, 3, 4, 

5, 6, 13 and 15 showed positive magnitude, indicating the 
presence of additive alleles for expression of longer 
length of tassel, a characteristic that is little desired in the 
production of simple hybrids due to the higher energy 
demand by the reproductive structure, and because the 
apical meristem has priority on the partition of 
photoassimilates, thus, crossings that result in hybrids 
with smaller tassel are sought (Sangoi et al., 2006). 

In the evaluation of the effects of GCA (Group I) to the 
number of tassel branches (NB), the lines 2, 7, 8, 9, 10, 
11, 12 and 14 had negative estimates (Table 2), a factor 
which enables use in breeding for the production of 
simple hybrids with fewer branches. According to Neto et 
al. (1997), this character has taken attention of breeders 
in breeding programs, showing that the reduced size of 
the tassel is favorable for the increase of grain 
production, mainly to the adverse conditions of stress. 
The current hybrids have already suffered major 
reductions in the number of tassel branches, which is 
directly related to lower production of pollen per area. 
According to Westgate et al. (2003), the hybrids can 
further reduce the pollen production by tassel, providing  
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more energy to the cob and boosted grain yield. 

For Group II, lines 1, 2, 5, 6, 7 and 8 have negative 
estimates for the number of branches. Edwards (2011) 
reports that the selection for reducing the number of 
branches, the lower leaf angle and synchrony between 
male and female flowering, contribute to the increase in 
grain yield. In the same context, Câmara et al. (2007) 
reported that the breeding programs for tolerance to 
abiotic stresses regard for character selection purposes 
as the number of branches, the period between the male 
and female flowering, prolificacy and delayed 
senescence of leaves (stay green). 

With respect to thousand grain weight (TGW), lines 1, 
3, 4, 5, 6, 13 and 15 (Group I) showed positive effects of 
GCA (Table 2), being the magnitude of the lines 4 
(56.637) and 15 (102.175) highlighted among the others, 
which leads to increased TGW and, consequently, grain 
yield, because of the close relationship between the two 
characters, where, getting favorable magnitudes for one 
of the characters, possibly the magnitudes will be 
favorable to the other character (Lopes et al., 2007; 
Khayatnezhad et al., 2010). In the grain yield analysis 
(Group I), lines 1, 3, 4, 5, 6, 13 and 15 showed favorable 
assumptions for the trait (Table 2). It may be emphasized 
that the same lines that showed positive effects on the 
increase in the TGW showed it for the grain yield. 

In assessing the DFL to the lines of group II, in relation 
to the five environments (Table 3), with the exception of 
lines 3 and 4, all other have shown negative effects, 
being lines 2, 6, 7 and 8 with more pronounced negative 
effects for all environments, which contributes to lower 
DFL, characteristic that is desired in the generation of 
progenies. 

Regarding TGW characters and yield (Group II), 
estimates of CGA of lines 3 and 4 are positive for both 
characters. The crossing of these lines with the lines of 
the 4 and 15 of group I would add frequencies favorable 
for greater mass and grain yield, but to do so, the 
analysis of the specific interactions of the SAC is required 
to verify the complementarity of the genetic effects that 
are acting. 

WIth respect to the SAC (si) for the tassel length (Table 
4), the promising specific combinations for reduction in 
tassel size, are between the pairs 1-3, 2-4, 3-3, 4-4, 7-3, 
8-3, 9-3, 10-3, 11-4, 12-4, 14-3 and 15-4, since the 
estimates si are high and negative, and the lines 10 and 
12 (Group I) also showed negative effects for GCA. 
Negative estimates should be observed due to the fact 
that modern hybrids, developed with high grain yield, 
present smaller tassel, thus reducing the effect of apical 
dominance in stress conditions, which favors the best 
grain filling (Sangoi et al., 2006). 

As to the evaluation of the SAC for the distance of the 
flag leaf to the insertion of the first branch of the tassel 
(Table 4), promising specific crossings to reduce the 
character are among the lines 1-3, 2-4, 3-3, 4- 4, 7-3, 8-3, 
9-3,  10-3,  10-4,  11-4,  12-4,  14-3,  15-1  and  15-4,   for  

 
 
 
 
having negative estimates of si. The lines 2, 7, 8, 9, 10, 
11 and 12 (Group I) also revealed adverse effects for gi. 
Combinations of si are far superior to the effects of gi, 
predicting the predominance of genes of non-additive 
effect on the character of expression. The other pairs of 
specific crosses had low values and close to those 
observed for gi, which refers to hybrids presenting the 
performance as expected in the gi, (Cruz et al., 2012). 

With respect to SAC estimates for the distance of the 
last node to the first branch of the tassel (DLN), the 
promising crossings are between the pairs of lines 1-3, 2-
4, 3-3, 4-4, 7-3, 8-3, 9-3, 10-3, 10-4, 11-4, 12-4, 14-3, 15-
1 and 15-4 (Table 4). In group II, the lines 3 and 4 
showed favorable combinations with a greater number of 
lineages. The magnitude of the estimates si are again 
above the gi estimates, pointing out that the non-additive 
gene effects are more pronounced. 

Regarding the number of branches (NB) to the 
estimates of the SAC, the most promising crossings to 
obtain hybrids with fewer branches are revealed between 
the pairs of lines 1-3, 2-4, 3-3, 4-4, 7-3, 8-3, 9-3, 10-3, 
10-4, 11-4, 12-4, 14-3 and 15-4 (Table 5), it should also 
be considered that lines 2, 7, 8, 9, 10, 11, 12, and 15 
(Group I) have negative effects for the GCA. Based on 
the superiority of estimates si over gi, it is assumed that 
non-additive gene actions occur in controlling the number 
of branches in the tassel. 

For the component of thousand grain weight (TGW) 
yield, promising crosses are for the pairs of lines 1-1, 1-4, 
2-3, 3-3, 3-4, 4-3, 4-6, 4-7, 5-3, 5-4, 6-3, 6-4, 7-4, 8-4, 9-
4, 10-5, 11-3, 12-3, 13-3, 13-4, 14-4, 15-2, 15-5 and 15-8 
(Table 5), being its estimates positive and also 
considering the effects of GCA (Group I) of the lines 15 
and 4 with the highest positive estimates. Comparison 
with estimates gi indicate superiority of the estimates si 
with non-additive effects in the character control. The 
lines 3 and 4 used as a parent are responsible for most of 
the positive effects to increase TGW for demonstrating 
combining ability with a large number of lineages of group 
I. Lineages that present these magnitudes of combining 
ability are important for genetic breeding programs of 
hybrids, in which are high the specific complementarity 
actions with ample heterotic group. 

With regard to the estimates of specific combining 
ability for grain yield (GY), promising specific crossings 
for increasing yield are among the combinations 1-1, 1-4, 
2-2, 2-3, 2-6, 2-7, 2-8, 3-1, 3-4, 4-3, 4-6, 4-7, 5-3, 5-4, 6-
3, 6-4, 7-2, 7-4, 7-6, 7-7, 7-8, 8-2, 8-4, 8-6, 8-7, 8-8, 9-2, 
9-4, 9-6, 9-7, 9-8, 10-2, 10-5, 10-6, 10-7, 10-8, 11-2, 11-
3, 11-6, 11-7, 11-8, 12-2, 12-3, 12-6, 12-7, 12-8, 13-3, 
13-4, 14-2, 14-4, 14-6, 14-7, 14-8, 15-2, 15-3, 15-5 and 
15-8, in which are assigned the crossings 1-1, 1-4, 2-3, 3-
1, 3-4, 4-3, 4-6, 4-7, 5-3, 5-4, 6-3, 6-4, 7-4, 8-4, 9-4, 10-5, 
11-3, 12-3, 14-4, 15-2, 15-5 and 15-8 as the most 
promising in the exploration of dominance effects. The 
most pronounced SAC estimates indicate that parents may 
generate hybrids with higher heterosis (Oliboni et al.,  2013),  
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Table 3. Estimates of the general combining ability of individual for the interaction GCA II x environment evaluated at five environments of the 
southern region. Frederico Westphalen-RS. 2015. 
 

Group II* 
DFL 

Ampére Clevelândia Itapiranga Pato Branco Frederico Mean 

1 -0.939 -1.208 -1.068 -0.882 -0.745 -0.968 

       

2 -2.128 -2.156 -2.180 -2.156 -2.156 -2.155 

3 4.646 5.181 4.897 4.233 4.507 4.693 

4 5.713 5.666 5.628 5.966 5.944 5.783 

5 -1.305 -0.978 -0.980 -1.286 -1.393 -1.188 

6 -2.068 -2.045 -2.113 -2.030 -2.141 -2.080 

7 -2.009 -2.245 -2.120 -2.038 -1.986 -2.079 

8 -1.909 -2.215 -2.065 -1.808 -2.030 -2.005 

SD (GCA II) 0.132 0.175 0.174 0.092 0.134 
 

SD (GCA II - GCA II') 0.200 0.264 0.263 0.139 0.203 
 

       

Group II** TGW 

1 -26.084 -26.327 -22.001 -25.821 -25.293 -25.105 

2 -39.254 -53.755 -45.241 -46.923 -46.431 -46.321 

3 104.544 123.528 103.722 119.049 106.213 111.411 

4 108.906 149.110 118.267 122.258 126.648 125.038 

5 -18.267 -30.276 -19.671 -17.484 -23.051 -21.750 

6 -42.826 -54.393 -45.960 -50.187 -45.167 -47.707 

7 -44.066 -53.162 -42.019 -50.007 -45.540 -46.959 

8 -42.953 -54.726 -47.097 -50.886 -47.379 -48.608 

SD (GCA II) 4.984 4.493 4.833 5.514 3.685 
 

SD (GCA II - GCA II') 7.534 6.793 7.306 8.337 5.571 
 

       

Group II*** GY 

1 -862.121 -1083.438 -826.827 -680.536 -638.13 -818.21 

2 -1460.28 -2138.494 -1457.879 -1539.36 -927.29 -1504.66 

3 3589.077 4947.278 3301.854 4207.595 2305.70 3670.30 

4 4134.745 5818.478 4460.024 3861.601 2825.03 4219.97 

5 -758.349 -1266.472 -813.054 -992.234 -537.01 -873.42 

6 -1650.842 -2128.144 -1562.557 -1668.461 -968.28 -1595.65 

7 -1559.994 -2055.389 -1457.727 -1749.267 -1069.72 -1578.42 

8 -1432.237 -2093.819 -1643.834 -1439.337 -990.31 -1519.91 

SD (GCA II) 178.276 283.078 245.234 694.923 142.96  

SD (GCA II - GCA II') 269.528 427.973 370.759 1050.624 216.14  
 

DFL: distance from the flag leaf to the first branch of the tassel, TGW: thousand grain weight and GY: grain yield. *Results of the interaction for general 
combining ability for the length of the flag leaf to the first branch of the tassel of group II of lines, in the five environments. **Results of the interaction 
for general combining ability for the thousand grain weight of group II of lines, in the five environments. ***Results of the interaction for general 
combining ability for grain yield in group II of lines, in the five environments. 

 
 
 
being SAC manifested by virtue of the non-additive 
effects and differences in allelic frequencies of the 
parents for the loci involved in character expression 
(Valério et al., 2009; Hallauer et al., 2010). 

The lines 4 and 15, as female parents, and 3 and 4, as 
male parentes, have shown favorable estimates and 
combining ability with a larger number of lines of the 
other heterotic group. The female parents 4  and  15  and 

the male parents 3 and 4 presented high estimates for 
both general capacity and for specific capacity 
combination. 
 
 
Conclusions 
 
The additive effects were more important for the Group  II  
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Table 4. Average specific combining ability from the crossings of two heterotic groups (group I, fifteen, and group II, eight strains), evaluated 
at five environments in the southern region. Frederico Westphalen-RS. 2015. 
 

Group I / Group II 
TL 

1 2 3 4 5 6 7 8 

1 49.199 -6.434 -34.166 21.610 -10.498 -6.674 -6.623 -6.414 

2 -3.050 1.038 33.570 -31.240 -3.025 0.799 0.849 1.058 

3 51.285 -6.439 -34.170 19.550 -10.502 -6.678 -6.628 -6.419 

4 -18.965 -14.877 18.136 -47.156 -18.941 48.682 47.978 -14.857 

5 -10.209 -6.121 23.584 21.700 -10.184 -6.360 -6.310 -6.101 

6 -10.660 -6.572 25.109 22.883 -10.635 -6.811 -6.761 -6.552 

7 -3.145 0.943 -26.788 29.687 -3.120 0.704 0.754 0.963 

8 -3.045 1.043 -26.688 28.987 -3.020 0.804 0.854 1.063 

9 -2.768 1.320 -26.412 27.052 -2.743 1.081 1.131 1.340 

10 -2.709 1.379 -26.352 -30.899 54.852 1.140 1.190 1.399 

11 -3.322 0.766 35.478 -31.513 -3.298 0.526 0.577 0.786 

12 -2.567 1.521 30.190 -30.757 -2.542 1.282 1.332 1.541 

13 -10.614 -6.526 25.564 22.150 -10.589 -6.765 -6.715 -6.506 

14 -3.486 0.602 -27.130 32.079 -3.462 0.362 0.413 0.622 

15 -25.943 38.357 10.075 -54.133 37.705 -22.094 -22.044 38.077 
         

Group I / Group II DFL 

1 14.167 -1.891 -8.739 5.293 -2.857 -1.966 -1.966 -2.040 

2 -0.843 0.344 7.987 -7.595 -0.623 0.268 0.268 0.194 

3 12.162 -1.495 -8.343 4.923 -2.462 -1.570 -1.570 -1.645 

4 -4.716 -3.530 4.256 -11.468 -4.496 11.816 11.817 -3.679 

5 -3.061 -1.874 7.679 6.020 -2.841 -1.950 -1.950 -2.024 

6 -2.718 -1.531 6.021 5.619 -2.498 -1.606 -1.606 -1.681 

7 -0.812 0.374 -6.473 6.681 -0.592 0.299 0.299 0.225 

8 -0.856 0.330 -6.518 6.990 -0.636 0.255 0.255 0.181 

9 -0.798 0.388 -6.459 6.583 -0.578 0.313 0.313 0.239 

10 -0.889 0.298 -6.550 -7.640 14.187 0.223 0.223 0.148 

11 -0.879 0.308 8.237 -7.630 -0.659 0.232 0.232 0.158 

12 -0.807 0.380 7.732 -7.558 -0.587 0.305 0.305 0.230 

13 -2.643 -1.456 5.852 5.339 -2.423 -1.532 -1.532 -1.606 

14 -0.939 0.248 -6.600 7.565 -0.719 0.173 0.173 0.098 

15 -6.370 9.106 1.919 -13.121 7.783 -5.259 -5.259 11.201 
         

Group I / Group II DLN 

1 17.936 -2.135 -12.921 7.356 -3.534 -2.328 -2.282 -2.092 

2 -1.516 0.024 14.804 -11.707 -1.376 -0.170 -0.124 0.066 

3 18.728 -2.410 -13.196 8.214 -3.809 -2.603 -2.557 -2.368 

4 -7.168 -5.628 6.878 -17.359 -7.028 18.268 17.624 -5.586 

5 -3.927 -2.387 10.358 7.203 -3.787 -2.581 -2.535 -2.345 

6 -3.916 -2.376 9.159 8.336 -3.776 -2.570 -2.524 -2.334 

7 -1.072 0.468 -10.318 10.748 -0.931 0.275 0.321 0.510 

8 -1.123 0.417 -10.369 11.108 -0.983 0.223 0.269 0.459 

9 -0.943 0.597 -10.189 9.844 -0.802 0.404 0.450 0.639 

10 -0.946 0.594 -10.192 -11.137 20.197 0.401 0.447 0.636 

11 -1.383 0.157 13.871 -11.574 -1.243 -0.037 0.009 0.199 

12 -0.829 0.711 9.992 -11.020 -0.688 0.518 0.564 0.753 

13 -3.801 -2.261 8.996 7.808 -3.660 -2.454 -2.408 -2.219 

14 -1.146 0.394 -10.392 11.264 -1.005 0.201 0.247 0.437 

15 -8.893 13.836 3.518 -19.084 12.425 -7.546 -7.500 13.245 
 

TL: tassel length, DFL: distance from the flag leaf to the insertion of the first branch of the tassel and DLN: distance from the last node to the insertion 
of the first branch of the tassel. 
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Table 5. Specific combining ability from the crossing of two heterotic groups (group I, fifteen, and group II, eight strains), evaluated at five 
environments in the southern region. Frederico Westphalen-RS. 2015. 
 

 Group I / Group II 
NB 

1 2 3 4 5 6 7 8 

1 12.876 -1.153 -9.463 4.483 -2.328 -1.490 -1.618 -1.307 

2 -0.981 0.357 9.479 -8.151 -0.818 0.020 -0.108 0.203 

3 12.841 -1.445 -9.754 6.268 -2.620 -1.782 -1.909 -1.598 

4 -5.205 -3.867 5.178 -12.375 -5.042 11.774 13.558 -4.021 

5 -2.735 -1.397 9.976 1.873 -2.572 -1.734 -1.861 -1.550 

6 -2.955 -1.617 7.073 6.097 -2.792 -1.954 -2.082 -1.770 

7 -0.847 0.491 -7.818 8.339 -0.684 0.154 0.027 0.338 

8 -0.680 0.658 -7.651 7.171 -0.517 0.321 0.193 0.505 

9 -0.619 0.719 -7.590 6.744 -0.456 0.382 0.255 0.566 

10 -0.612 0.726 -7.584 -7.782 14.030 0.389 0.261 0.572 

11 -0.877 0.461 8.751 -8.047 -0.714 0.124 -0.004 0.307 

12 -0.791 0.547 8.149 -7.961 -0.628 0.210 0.082 0.393 

13 -2.410 -1.073 4.751 5.153 -2.248 -1.410 -1.537 -1.226 

14 -1.244 0.094 -8.215 11.119 -1.081 -0.243 -0.371 -0.059 

15 -5.760 6.500 4.719 -12.930 8.470 -4.759 -4.887 8.647 
         

Group I / Group II TGW 

1 259.918 -38.073 -195.805 146.512 -62.644 -36.687 -37.435 -35.786 

2 -15.506 5.710 172.865 -165.649 -18.861 7.096 6.348 7.997 

3 289.365 -38.261 -195.994 118.196 -62.833 -36.876 -37.624 -35.974 

4 -101.173 -79.957 103.266 -251.316 -104.529 250.454 260.926 -77.670 

5 -60.997 -39.781 156.879 123.287 -64.353 -38.396 -39.144 -37.494 

6 -56.066 -34.85 143.540 107.037 -59.421 -33.464 -34.212 -32.563 

7 -14.737 6.478 -151.254 153.860 -18.093 7.864 7.116 8.766 

8 -13.726 7.490 -150.242 146.779 -17.081 8.876 8.128 9.777 

9 -15.592 5.624 -152.109 159.844 -18.948 7.009 6.261 7.911 

10 -18.717 2.499 -155.233 -168.859 328.501 3.885 3.137 4.787 

11 -14.417 6.799 165.245 -164.560 -17.773 8.184 7.436 9.086 

12 -17.712 3.504 188.308 -167.855 -21.067 4.890 4.142 5.791 

13 -60.604 -39.388 162.189 115.615 -63.959 -38.002 -38.750 -37.101 

14 -13.324 7.892 -149.84 143.964 -16.679 9.278 8.530 10.179 

15 -146.712 224.315 58.186 -296.855 217.740 -124.11 -124.858 192.294 
         

Group I / Group II GY 

1 9010.057 -1295.755 -6470.716 4390.669 -1926.992 -1204.757 -1221.996 -1280.507 

2 -493.401 193.049 5510.975 -5531.586 -438.187 284.046 266.807 208.296 

3 8727.939 -1141.593 -6316.555 3747.819 -1772.830 -1050.596 -1067.835 -1126.346 

4 -3055.393 -2368.942 3413.272 -8093.578 -3000.179 7608.582 7849.934 -2353.695 

5 -2071.776 -1385.326 5448.563 4001.079 -2016.563 -1294.328 -1311.568 -1370.079 

6 -1840.410 -1153.959 4999.943 3061.498 -1785.196 -1062.962 -1080.201 -1138.712 

7 -559.389 127.060 -5047.901 5423.223 -504.176 218.057 200.818 142.307 

8 -447.139 239.310 -4935.651 4637.473 -391.926 330.307 313.068 254.557 

9 -610.330 76.119 -5098.842 5779.808 -555.117 167.117 149.877 91.366 

10 -344.956 341.493 -4833.468 -5383.142 9015.590 432.491 415.251 356.740 

11 -371.400 315.049 4656.972 -5409.586 -316.187 406.047 388.807 330.296 

12 -659.682 26.767 6674.944 -5697.867 -604.469 117.765 100.526 42.015 

13 -1968.267 -1281.817 5337.785 3490.800 -1913.054 -1190.819 -1208.058 -1266.569 

14 -553.740 132.709 -5042.252 5383.680 -498.527 223.706 206.467 147.956 

15 -4762.106 7175.834 1702.929 -9800.292 6707.818 -3984.658 -4001.898 6962.373 
 

NB: number of tassel branches, TGW: thousand grain weight and GY: grain yield. 
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of lines, for group I of lines, the non-additive effects were 
more important in the range of all characters. The 
improvement of hybrids for lower tassel size can be 
performed simultaneously, since the estimates of general 
combining ability remain constant in the lines of the two 
heterotic groups for all characters of the tassel. For the 
characters tassel lenght, distance from the last node and 
of the flag leaf to the first branch of the tassel, promising 
crosses are 1-3, 2-4, 3-3, 4-4, 7-3, 8-3, 9-3, 10-3, 10-4, 
11-4, 12-4, 14-3 and 15-4. 

The promising crosses to increase yield are 1-1, 1-4, 2-
3, 3-1, 3-4, 4-3, 4-6, 4-7, 5-3, 5-4, 6-3, 6-4, 7-4, 8-4, 9-4, 
10-5, 11-3, 12-3, 14-4, 15-2, 15-5 and 15-8. Among the 
most promising crosses to SAC, at least two parents 
have high GCA. 
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