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1. Introduction

In stone fruit trees, the cycle of shoot growth is marked 
by the development of two bud types: the vegetative and 
reproductive buds. Vegetative buds comprise bud scales, 
leaf primordia, and the shoot apical meristem. Reproduct-
ive buds have a more complex structure made up of bud 
scales and flower primordia represented by pistil and sta-
mens. The flower buds of temperate-zone fruit trees are 
initiated during the previous growing season and several 
critical steps during bud morphogenesis were identified, 
from floral induction up to complete bud differentiation 
(Ryugo, 1990).

During the autumn-winter season, the plant elaborates 
mechanisms for survival under unfavorable growing con-
ditions by adopting a dormancy strategy to cold tempera-
ture acclimation. Meristem activity becomes insensitive 
to growth-promoting signals (Rohde and Bhalerao, 2007) 
preserving the buds in a quiescent state under potential-

ly damaging environmental conditions (Ćechová et al., 
2012). Bud dormancy starts with the perception by the 
plant of rest-signals under the influence of short and cool 
days; this process finishes after an accumulation of chill-
ing temperatures.

The conventional terminology identifies dormancy 
evolution as: paradormancy, when growth is inhibited 
by endogenous factors outside the dormant structure; en-
dodormancy, when growth is regulated by physiological 
factors within the dormant structure; and ecodormancy, 
when the inability to grow is imposed by environmental 
factors (Lang et al., 1987). In trees, winter dormancy means 
endodormancy: during this phase the chilling temperatures 
are accumulated, and flower buds are unable to respond to 
warm temperatures required for dormancy breaking (Fig. 
1). When the chilling requirement (CR) is fulfilled, buds 
are in ecodormancy and can react to warm temperatures, 
but remain in an apparent quiescent state due to persist-
ent low temperatures (Horvath et al., 2003). The release of 
dormancy is genetically controlled and regulated by com-
plex phenomena affected by various integrated elements 
whose interaction(s) determine the point in time when 
release of bud dormancy occurs (Faust et al., 1997). En-
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vironmental factors (temperature, light, relative humidity, 
etc.) are directly related to biochemical changes involved 
in bud dormancy release.  In fruit species, understanding 
the mechanisms controlling dormancy and establishing its 
release appear crucial for successful yields.

Apricot (Prunus armeniaca L.) is characterized by a 
restricted spread in the Mediterranean basin and its adapt-
ability to specific environments is strongly influenced by 
the ability of certain cultivars to overcome flower bud dor-
mancy (Viti et al., 2010). Climatic-environmental factors 
may heavily influence flower bud dormancy breaking, af-
fecting the entity of appearance of floral anomalies  and de-
termining irregular and/or insufficient fruit bearing (Clanet 
and Salles, 1972; Legave et al., 1984; Viti and Monteleone, 
1995). Cold winter temperatures influence the time of bud 
dormancy release and, consequently, the CR of a genotype 
(Garcia et al., 1999). Most of the known apricot cultivars 
are characterized by a high CR (Table 1); more than 1000 
Chill Units (CU) are required to overcome bud dormancy 
(Guerriero et al., 2006). In Mediterranean apricot grow-
ing areas, characterized by a mild-winter climate, many 
cultivars  have an inadequate satisfaction of CR. During a 
short or mild rest season (Garcia et al., 1999), the unsatis-
factory CR can determine an incomplete release of flower 
bud dormancy, a late bud break with scanty blooming and 
a high flower bud drop (Viti and Monteleone, 1991; Erez, 
2000). Thus, CR is a key factor for breaking dormancy and 
knowledge about it has practical significance and econom-
ic impact on the control, maintenance and production of 
woody plants (Fennell, 1999). This statement appears cru-
cial for the crop management of apricot cultivars in most 
cultivation areas.

The present paper examines the dormancy process of 
apricot flower buds, focusing on biological, anatomical, 
and physiological changes that occur during the endodor-
mancy phase in relation to winter temperature  influence 
within the context of global climate change.

2. Morphological and anatomical features

The pattern of apricot floral organogenesis after initiation 
is typical of other Prunoideae. The first floral organs to ap-
pear are sepals and petals followed by the stamen and pistil; 
the most internal whorls of the pistil derive from the gradual 
evolution of the receptacle (Monet and Bastard, 1968; Bar-
tolini et al., 2013). This process requires about two months 
and is normally completed before leaf fall but not all buds 
reach the stage of pistil appearance (Legave, 1975).

Apricot flower bud evolution was described for the first 
time by Baggiolini (1952). The classification has been  re-
vised to describe accurately the progress of flower bud 
phenological development by the addition of sub-phases 
within each  phenological stage (Bartolini et al., 2004). 
Figure 2 depicts the evolution of  flower bud phenological 
stages from deep dormancy (stage A) until petal fall (stage 
H). The stages related to the dormancy process are referred 
to as: 1) stage A

0
-A

2 
during endodormancy; 2) stage B

1
- E

2 

from ecodormancy to bud swelling; and 3) stage F
1
-H from 

beginning of flowering to petal fall. Dormant buds (stages 
A

0
, A

1
, A

2
) are characterised by a conical shape, rounded at 

the base, with the brown bud scales tightly closed (A
0
) or 

Table 1 - �Chilling Units (CU) required to induce break of endo-dorman-
cy in flower buds of several apricot cultivars. Starting date and 
amount (%) of flowering are reported

Cultivars CU
Flowering

Starting date %

San Castrese 870 1 Mar 57

Goldrich 950 7 Mar 18

Sarritzu I° 950 7 Mar 51

Alessandrino 1000 7 Mar 10

Baracca 1000 14 Mar 21

D’Alessandria 1000 10 Mar 5

Bebeco 1030 7 Mar 15

Canino 1030 2 Mar 34

Moniqui 1125 5 Mar 2

Aurora 1140 29 Feb 2

Amabile Vecchioni 1140 2 Mar 30

S.Nicola Grosso 1140 9 Mar 25

Bergeron 1225 17 Mar 1

Rapareddu 1250 7 Mar 23

Polonais 1300 9 Mar 5

Orange Red 1450 14 Mar 1

Stark Early Orange not defined not defined 0

Mean 1100

SD 151

Fig. 1 - �Schematic representation of apricot flower bud growth dur-
ing the annual cycle. 1) Paradormancy: from flower bud initia-
tion to beginning of dormancy; 2) Endodormancy: from deep 
dormancy to bud swelling; 3) Ecodormancy: from beginning 
of flowering to petal fall. Solid and dotted lines represent the 
flower bud length (mm) and the flower bud fresh weight (mg/
FB), respectively. Evolution of the main phenological stages of 
flower buds are illustrated.
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more enlarged (A
1 
and A

2
); at the beginning of bud swell-

ing (stages B
1
 and B

2
) the pink sepal tips appear; at stages 

C
1
 and C

2
 sepals are clearly visible; at stages D

1
 and D

2
 full 

bud swelling takes place with the appearance of the white 
petal tips; at stages E

1
 and E

2
 petals are clearly visible; at 

stages F
1
 and F

2
 full flowering occurs; at stages G and H 

petal fall begins with the end of flowering.
During endodormancy, the accumulation of chilling 

temperatures occurs and it is usually believed that flow-
er bud development is arrested because no clear signs of 
growth are evident. However, specific studies have shown 
that bud growth is hardly perceptible, although constant 
(Alonso et al., 2005). The buds are metabolically active 
and continue their development during the entire winter, 
leading to bud break. In peach flower buds continuous 
anatomical development during the late autumn and win-
ter dormancy period were observed, without macroscopic 
changes (Reinoso et al., 2002). Apricot flower buds also 
have a gradual and prolonged development during mor-
phogenesis since their organogenesis is not generally 
completed until just before anthesis (Erez and Couvillon, 
1987). During the first stage (A) a minimal variation in 
bud size and weight was detected. Indeed, during Decem-
ber and January, when buds are apparently still dormant, 
it was possible to detect a continuous growth in weight 
and size. The parameters of weight increase and height/
width ratio have revealed a statistically appreciable slow 
and progressive buds growth from the middle of December 
(Guerriero et al., 1986; Scalabrelli et al., 1991).

During this apparent rest period, anatomical observa-
tions revealed that processes of microsporogenesis, mac-
rosporogenesis and xylogenesis take place. As regards mi-
crosporogenesis, the following phases have been identified 
(Fig. 3) in relation to flower bud development (Nyújtó and 
Banai, 1975; Viti and Scalabrelli, 1988; Viti and Montele-
one, 1991): a) Sporigen Cells Differentiation (sticked cells), 
during the paradormancy period; b) Pollen Mother Cells 

(diploid microsporocytes differentiated from sporogenous 
cells that become spherical and separated; c) Tetrads ap-
pearance (four haploid microspores produced by meiosis 
of the pollen mother cells and surrounded by a callose wall) 
during the endodormancy period; d) Young Pollen Grains 
(isolated microspores produced when the callose wall dis-
appears) at the overcoming of endodormancy; e) Mature 
Pollen Grains (full development of the wall made up of two 
layers, exine and intine) after the resumption of growth. The 
tetrad stage has been considered a signal marking the end of 
endodormancy (Bordeianu et al., 1962; Szabò et al., 2002). 
Nevertheless, other studies have shown that tetrads occur at 
a late stage of morphological bud growth and they are not 
closely linked to chilling accumulation, because the meiosis 
process took place also in buds exposed to high temperature 
(Martìnez-Tellez et al., 1982; Felker et al., 1983; Viti and 
Scalabrelli, 1988). Contradictory studies have shown that 
winter dormancy sets a boundary between the development 
of the sporogenous tissue and further microspore develop-
ment (Julian et al., 2011). These authors observed that, in 
autumn, stamens develop until the differentiation of sporog-
enous tissue, remaining in this anatomically quiescent stage 
during the three months of winter; microspore development 
took place only after dormancy. 

Concerning gyneceum development and the related 
macrosporogenesis, a  later evolution than stamen and mi-
crosporogenesis process was observed. Morphologically, 
the pistil has a lengthwise growth that can be divided into 
different phases: intensive growth during paradormancy; 
slow growth during endodormancy; and increased growth 
during ecodormancy, at first very slowly then followed by 
a significant rapid rise a few weeks before flowering (Sza-
lay and Nemeth, 2010).

Anatomical observations showed that the first signs 
of the ovary can be detected in October. Several studies 
have found a well-developed embryo sac at anthesis; Egea 
and Burgos (1995) found a frequent presence at anthesis 
of ovules without the sac being formed. In apricot, two to 
three ovules/ovary are usually noted, but at anthesis  they 
are frequently malformed and  quickly degenerate. Ovule 

Fig. 2 - �Evolution of flower bud phenological stages in apricot: deep 
dormancy (stage A), pink sepal tips appearance (stage B), sepals 
clearly visible (stage C), achievement of bud swelling (stage D), 
petals clearly visible (stage E), anthesis (stage F), end of flower-
ing (stage G) and petal fall (stage H). From Bartolini et al. (2004).

Fig. 3 - �Main microsporogenesis phases (x 400). a) Pollen Mother Cells 
(PMC); b), b1) Tetrads (T) and c) Young Pollen Grains (YPG).
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number seems to be related to agronomic and climatic 
conditions, rather than genetics (Egea and Burgos, 1995; 
Burgos and Egea, 1993; Albunquerque et al., 2002).

At the end of the endodormancy process (end of winter-
beginning of spring), a rapid weight increase and the com-
plete development of floral verticils at the transition from 
phenological stage B (visual beginning of bud swelling) 
up to stage D (appearance of the white petal tip) have been 
observed.  In this period, elongation of  pistil and stamen 
filaments occurs while mature pollen grains  and complete 
gynaecium development take place only few days before 
blossoming (Luna et al., 1990). In concomitance with the 
effective warm temperatures, female and male gameto-
phytes become functional.

During the temporary delay of visible bud growth, the 
process of xylem development within the flower bud axis 
occurs. The bud, during early growth, is connected to the 
stem through a parenchymatous zone, traversed by a pro-
cambial strand. In several Prunus species, it was observed 
that, during winter, vascular tissues are not completely dif-
ferentiated and the connection between the flower primor-
dium and the bud axis is formed only by the procambium 
(Ashworth and Rowse, 1982). This tissue, which consti-
tutes the vascular strands, is made up of elongated cells 
and contains densely stained cytoplasm and lacks lignified 
secondary wall thickenings (Esau, 1965). The differentia-
tion process consists of the transition from this meriste-
matic tissue to xylem cells, i.e. dead cells with lignified 
walls producing an empty conduit through which water 
flows. In apricot, gradual xylem development was ob-
served during winter, when no bud growth changes were 
visible. The acropetal progression of primary xylem dif-
ferentiation along the flower bud axis was defined by five 
stages according to Bartolini and Giorgelli (1994): stage 1 
= at the base of the axis; stage 2 = at ½ of the axis; stage 
3 = at ¾ of the axis; stage 4 = at the base of the ovary; 
stage 5 = inside the pistil (Fig. 4). Stage 3 appears to be 
the most significant with regard to breaking dormancy be-
cause it is in concomitance with the first morphological 
sign of bud growth resumption. A good relationship be-
tween an advanced xylem differentiation (‘stage 3’) and 
endodormancy release was observed in cultivars with a 
low chilling requirement (i.e. ‘San Castrese’). The avail-
ability of nutritional elements throughout xylem supply in 
correspondence with bud growth reactivation could be a 
factor determining flowering regularity. A correlation be-
tween an increase of certain elements (i.e. potassium and 
boron) by the xylem acropetal transport and bud swelling 
has been observed (Hanson and Breen, 1985; Essiamah 
and Eschrich, 1986; Bartolini and Giorgelli, 1995). On the 
other hand, in cultivars with a high chilling requirement 
(i.e. ‘Orange Red’), xylem ‘stage 3’ occurs when flow-
er buds are still in endodormancy. This early anatomical 
trait of flower buds does not coincide with the reactiva-
tion of bud growth; it could be hypothesized that the newly 
formed vessels might preserve the ability to function in 
water transport. This feature was confirmed by a recent 
research where a good syncronism between overcoming 

dormancy, xylogenesis and microsporogenesis, was found 
in cultivars with a low CR, while in cultivars with a medi-
um or high CR an asynchrony between such processes was 
observed (Bartolini et al., 2006 a), leading to inconstant 
blooming and fruit yield.

3. Physiological features

Control of plant dormancy is the result of multifactorial 
regulatory networks in which nutrients, phytohormones, 
genes, proteins and climatic factors (namely temperature 
and photoperiod) are involved at some point in time (Chao 
and Anderson, 2010). Light and temperature climate pa-
rameters are important determinants in several aspects 
of dormancy. In northern temperate regions, the stimulus 
for induction of growth cessation and dormancy has been 
considered to be primarily controlled by short photoperiod 
(Allona et al., 2008). Increasingly, several authors have 
shown that temperature may replace or strongly mediate 
this short photoperiod dormancy response in woody spe-
cies (Kalcsits et al., 2009; Tanino et al., 2010).

The onset and release of dormancy state might begin 
with the perception of a signal by the plant upon exposure 
to chilling temperatures (Or et al., 2002). Then, it would 
be followed by transduction of this signal via a cascade 
of biochemical events to the stage where it imposes or re-
leases repression of bud meristematic activity (Faust et al., 
1997). Many cellular activities leading to morphological, 
physiological and biochemical changes take place inside 
the bud during the transition period from endodormancy 
to active bud growth, including respiratory rate, reserve 
carbohydrate mobilisation, water content increase, energy 
transport, and gene expression.

Fig. 4 - �Representation of xylem vessel differentiation along the flower 
bud axis, from Bartolini et al., 2006: stage 1 (at the base of the 
axis); stage 2 (at ½ of the axis); stage 3 (at ¾ of the axis); stage 
4 (at the base of the ovary); stage 5 (inside the pistil). 
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 ‘Sink strength’ and carbohydrates
Considering that the bud of a woody plant is morpho-

logically complex and constituted by organs differing in 
structure and physiology, the bud anabolic potential is par-
tially regulated by the “sink strength” of dormant and non-
dormant tissues influencing the subsequent capacity to ac-
cumulate metabolites (Crabbé and Barnola, 1996). During 
early bud growth, the parenchymatous zone, which repre-
sents the connection between bud and stem, is fed through 
the symplasm of this region (Pétel and Gendraud, 1996). 
Thus, plant dormancy and dormancy breaking appear to 
depend on peculiar short distance relationships between 
the bud and its underlying tissues (Champagnat, 1973; 
Gendraud and Pétel, 1990). In peach, during the dormant 
period, the parenchyma shows  a strong ATPase activity 
driving a powerful proton extrusion, with a consequent 
pH cytoplasmatic alkalisation linked to enzyme activity 
(Pétel et al., 1992; Petél and Gendraud, 1996). A relation-
ship between changes in intracellular pH (pHi) and bud 
dormancy release has been observed, first, in Jerusalem 
artichoke and peach vegetative buds (Marquat et al., 1996; 
Aue et al., 2000), and subsequently in apricot buds (Zanol 
and Bartolini, 2003), suggesting the involvement of pHi 
changes as signalled by growing evidence (Zimmermann 
et al., 1999). In particular, when apricot flower buds were 
still in deep dormancy, an increase of pHi in the flower 
primordia tissues was found, just before the first sign of 
growth reactivation, usually denoted by a significant bud 
weight increase (Fig. 5). The changes in pHi values might 
be useful to detect in advance bud growth capacity, show-
ing the potential competitive sink for nutrients between the 
different bud tissues from dormancy to growth resumption 
(Zanol and Bartolini, 2003). The pHi measurement is a 
good parameter to estimate ‘sink strength’ determining the 

nutrient fluxes (Gendraud and Pétel, 1990; Bonhomme et 
al., 1999; Robert et al., 1999).

The energy source for budbreak comes mainly from 
the mobilization of products stored in the perennial parts 
of the tree. Carbohydrates are the main source of energy 
for the metabolic changes that occur during the dormant 
period and for spring sprouting and blooming (Flore and 
Layne, 1996; Sherson et al., 2003). Changes in the con-
tent of carbohydrates in different tissues from vegetative 
and reproductive structures were found  during dormancy, 
associated with chilling temperatures (Wang and Faust, 
1987; Valentini et al., 2006).

There was a significant decrease in starch concentration 
in the bark tissue of Prunus sp. due to exposure to chilling 
temperatures (González-Rossia et al., 2008). The effect of 
low temperatures on starch and sugar concentration dur-
ing the rest period can be explained: amylase activity is 
induced by cold temperature, increasing starch hydrolysis 
and, consequently, sugar concentration (Elle and Sauter, 
2000; Bonhomme et al., 2005).

Soluble sugars, important signalling molecules in-
volved in many processes in the life-cycle of plants, are 
also related to the dormancy period and  involved in in-
creased frost resistance (Tabuenca, 1975; Sheen et al., 
1999; Smeekens, 2000). In particular, starch levels were 
negatively correlated with hardiness but most soluble sug-
ars were positively correlated  (Jones et al., 1999).

Glucose, fructose, and sorbitol were the main sugars 
in the bark tissues of peach, nectarine, plum and apricot; 
sorbitol concentrations varied significantly with chilling 
accumulation (Bonhome et al., 2005; González-Rossia et 
al., 2008). In other sorbitol-synthesizing plants, such as 
sweet cherry (Prunus avium L.), sucrose is the most pre-
dominant soluble carbohydrate during dormancy (Keller 
and Loescher, 1989). In peach primordia, especially the 
floral ones, very high concentrations of transport forms 
of carbohydrates (sucrose and sorbitol), imported during 
growth capacity recovery, were found (Bonhomme et al., 
2005). From autumn to mid-winter, a significant relation-
ship between total sugars and starch concentrations, with 
a marked increase in amounts of sorbitol, fructose, glu-
cose and sucrose, was found in the bark tissue of stone and 
pome fruits, coinciding with a decrease in starch content 
(Wang and Faust, 1987; González-Rossia et al., 2008).

Free radicals and antioxidant mechanisms 
Studies have shown that free radicals, activated oxygen 

species (AOS), implicated in a number of biological phe-
nomena, are produced in dormant buds of some fruit spe-
cies, where their removal seems to be associated with bud 
break as a result of changes in antioxidant systems (Wang 
et al., 1991). The generation of AOS, particularly H

2
O

2
, 

during stress has been proposed as part of the signalling 
cascade leading to plant response (Anderson et al., 1998). 
The plant’s antioxidant defence system, via enzymatic and 
non-enzymatic mechanisms (i.e. amino acids, glutathione, 
acid ascorbic, carotenoids, α-tocopherol), provides protec-
tion against high levels of free radicals responsible for the 

Fig. 5 - �Intracellular pH at different phenological stages (from St A
0
 to 

St C). Changes in different tissues: Cushion, Vegetative Bud 
(VB), Flower Bud (FB) axis, Flower Bud (FB) primordial.
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peroxidation of membrane lipids and the destruction of 
proteins (De Kok and Stulen, 1993).

Antioxidative enzymes, individually or cooperatively, 
have been viewed as a defensive team that protect cells 
from active oxygen damage performing a detoxifying 
function (Kranner and Grill, 1996). Superoxide dismutase 
(SOD), catalase (CAT), ascorbate peroxidase (APX), guai-
acol peroxidase (GPX) and glutathione reductase (GR) are 
the main antioxidative enzymes involved in the reduction 
of H

2
O

2
 to H

2
O (Schmidt and Kunert, 1986; Noctor and 

Foyer, 1998; Rojas-Beltran et al., 2000). Maximum H
2
O

2  
accumulation could act as a signaling molecule to trigger 
the sequence of reactions to break endodormancy (Kuroda 
et al., 2002). During the dormancy process, biochemical 
analysis conducted on apricot flower buds revealed CAT 
and GPX as the most involved enzymes, with significant 
increases of activity at the release of endodormancy, par-
ticularly in cultivars with a low or medium CR (Viti et al., 
2013). Other metabolites such as glutathione and antioxi-
dant proteins were associated with increased capacity for 
free radical scavenging (Siller-Cepeda et al., 1991). Glu-
tathione (γ-glutamyl-cysteinyl-glycine) is generally con-
sidered to be a ubiquitous sulfhydryl-containing tripeptide 
in living cells (Fahey et al., 1975), being the main reserve 
and long-distance transport form of reduced sulfhydryls 
which are indispensable for protein synthesis (Rennem-
berg, 1982). It is an important metabolite in stabilizing the 
cell redox state during the cold hardening process (De Kok 
and Stulen, 1993). In particular, in stressed plants, reduced 
glutathione (GSH) protects protein thiol groups from au-
to-oxidation (Kranner and Grill, 1996). GSH is oxidized 
to glutathione disulfide (GSSG) and, under normal con-
ditions, is reduced efficiently back to GSH by the action 
of glutathione reductase (Foyer et al., 2001). The major 
portion of the glutathione in the cell is maintained in the 
reduced state, and a high reduced/oxidized ratio (GSH/
GSSG) is necessary for numerous physiological functions. 
Glutathione was suggested as one of the strong factors in 
controlling bud dormancy, first, in grape (Tohbe et al., 
1998); later, in apricot flower buds a significant relation-
ship between the end of endodormancy and the increase 
of GSH/GSSG ratio was found (Bartolini et al., 2004). In 
cultivars with low-medium CR the reduced and oxidized 
glutathione ratio (GSH/GSSG) increased in accordance 
with the end of endodormancy, while in cultivars with 
high CR the GSH/GSSG ratio was kept low during the rest 
period. This could suggest that a minimum threshold in 
antioxidant activities could be crucial for scavenging free 
radicals during the rest season.

Hormonal involvement
The endogenous system of hormonal regulation medi-

ates the annual transition from growth to dormancy due to 
the shortened length of autumn days and reduction of daily 
mean temperatures (Thimann, 1985). Knowledge of hor-
monal regulation of dormancy processes has become in-
creasingly more complex, particularly with recent findings 
of auxin-and ethylene-triggered abscisic acid induction re-

vealing more responses mediated by abscisic acid (ABA) 
than originally considered (Tanino, 2004). ABA has long 
been studied as a potential mediator of short-induced ces-
sation of growth and initiation of bud dormancy in trees 
(Guak and Fuchigami, 2001). An increase in its activity or 
its accumulation in the fall is an indispensable condition 
for the onset of apical growth inhibition, and an essential 
prerequisite for emergence of the dormant state and the 
ability to adapt to winter frosts in apricot tress (Kuzina 
and Kalinina, 1993). Kawamata et al. (2002) found that 
free ABA levels in buds increased suddenly at onset of 
dormancy and decreased afterward. Chen et al. (2002) 
suggested that changes in dormancy status are more close-
ly related to changes in ABA receptivity than to changes in 
ABA levels. ABA affects dormancy progression through 
its action on dehydrins or membrane permeability (Jacob-
sen and Shaw, 1989). Moreover, the regulatory effect of 
ABA in growth inhibition, dormancy, and thermoregula-
tion in woody plants is realized only with the action of 
other phytohormones: auxins, gibberellins, and cytokinins 
(Back and Richmond, 1971). Gibberellin GA

3
 was tested 

in peach buds to promote bud burst under conditions of 
prolonged dormancy (Erez et al., 1971). The comparat-
ively high levels of GA

3
 found in mid-winter could be one 

of the factors that control the process of anther and gyn-
oecium development (Basconsuelo et al., 1995).

Molecular features
Population and quantitative genetics studies indicate 

that phenological traits such as time to bud set, chilling 
requirement and time to bud flush show significant ge-
netic variation, and that such traits are often controlled 
by multiple genes exhibiting small effects (Howe et al., 
2003; Rohde et al., 2011). Dormancy signals, impact-
ing numerous physiological processes,  involve changes 
in the expression patterns of numerous regulatory genes 
that could play a key role in dormancy transition (Horvath 
et al., 2008). In contrast to paradormancy, the molecu-
lar aspects of endodormancy are poorly understood. The 
molecular biology of endodormancy has been analysed 
in several recent studies by global approaches where  an 
initial set of candidate genes involved in cold- or light-in-
duced dormancy in tree species were described (Bielen-
berg et al., 2008). Gyllenstrand et al., (2007) found a 
significant and close correlation between growth rhythm 
(both bud set and bud burst) and the expression pattern of 
an FT (flowering locus T) homologue, suggesting that FT 
is a key integrator of photoperiodic and thermal signals in 
the control of growth rhythms in gymnosperms. Addition-
ally, the substitution of a single amino acid can transform 
an FT protein from an activator into a suppressor of flow-
ering. Thus, the limited but tantalizing linkage between 
the floral regulatory machinery and seasonal growth ces-
sation and bud set, through regulation of FT and FT-like 
genes, suggests a general model for endodormancy regu-
lation (Horvath, 2009).

Flowering locus C (FLC)-like genes have been shown 
to be regulated differentially during the satisfaction of 
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CR in vegetative buds of poplar (Chen and Coleman, 
2006). Furthermore, Bielenberg et al. (2008) revealed a 
cluster of six MADS-box transcription factors (named 
dormancy-associated MADS-BOX or DAM genes) as 
candidate genes for the regulation of terminal bud for-
mation in evergrowing peach. The expression of two of 
these genes, DAM5 and DAM6, is suppressed by chill-
ing temperatures and inversely correlated with bud break 
rate in peach (Jimenez et al., 2010), whereas DAM4 and 
DAM6 expression is promoted by short photoperiods (Li 
et al., 2009). Similar genes were expressed differential-
ly during dormancy induction, maintenance and release 
also in apricot. In Prunus mume,  Yamane et al. (2008) 
have generated two SSH/MOS (subtractive hybridization 
supplemented with mirror orientation selection) libraries 
containing gene pools that are expressed preferentially 
in endodormant buds in comparison with paradormant 
or ecodormant buds to search for the genes that are up-
regulated by endodormancy induction or down-regulated 
by endodormancy release. Differential screening and 
sequencing indicated that genes involved in gibberellin 
metabolism, stress resistance, cell wall modification, and 
signal transduction, such as transcription factors, are up-
regulated in endodormant buds. At transition from dor-
mancy to active bud growth, genes related to carbohydrate 
and energy metabolism have been specifically identified 
in Prunus armeniaca L. Céchová et al., (2012) have ob-
served strong expression of xyloglucan endotransglyco-
sylase/hydrolase (XTH) and EXGTA1 (endoxyloglucan 
transferase) in the week before, and during, the exit of 
apricot flower buds from endogenous dormancy. 

Research is still in progress to study changes in the ex-
pression in regulatory genes involved in numerous physi-
ological signals related to the dormancy process.

4. �Influence of mild temperatures during the dorman-
cy process

The complex process of dormancy is affected by a close 
interaction between genotype and environment, where 
photoperiod and temperature are the main factors involved 
in triggering and releasing. Their individual and combined 
effects change during the transition from a dormant to a 
non-dormant state (Caffarra et al., 2011).

Apricot culture is greatly restricted by climatic condi-
tions, with a decisive influence on development and pro-
ductivity (Quamme et al., 1982; Guerriero and Bartolini, 
1991). It is well known that some cultivars are closely 
linked to their geographical origin and, consequently, have 
a low adaptability to other climatic conditions (Bassi et 
al., 2006). Autumn-winter temperature  trends seem to be 
the main cause of this low plasticity related to the need 
for adequate and specific satisfaction of CR for dormancy 
breaking (Viti et al., 2010). A warm climate may prevent 
or delay this process. In fact, during winter mild tempera-
tures have a negative impact on endodormancy release due 
to an unfulfilled CR. In this situation, apricot is frequently 

affected by the appearance of floral anomalies, e.g. pistil 
abortion and/or browning and/or necrosis of flower buds, 
which are usually attributed to unfulfilled CR. However, a 
correlation between flower anomalies and CR satisfaction 
was not always achieved (Guerriero and Bartolini, 1991; 
Viti and Monteleone, 1993;  Legave, 2002). At present, 
knowledge about the mechanisms and nature of anomalies 
is still scant but, on several genotypes, a genetic determ-
inism has been found through analysis of different apricot 
progenies (Legave et al., 2006).

From a physiological point of view, climatic conditions 
affect inductive signals regarding metabolism and phyto-
hormones involved in the control of several events such as 
primary vascular differentiation micro- and macrosporo-
genesis (Aloni, 1980; Creber and Chaloner 1984; Fukuda, 
1996). In apricot flower buds, xylem differentiation was 
found to be slow when the winter minimum mean tem-
peratures were predominantly below zero (Bartolini et al., 
2006 a). Moreover, during the autumn-winter season, af-
ter a minimum threshold of chilling amount, the supply of 
constant warm temperatures stimulated the development 
of vascular elements, at least in cultivars with a low-medi-
um CR (Bartolini and Giorgelli, 1995). As regards the mi-
crosporogenesis process, the post-meiotic phase is crucial 
because temperature may influence the transition from tet-
rads to pollen grains (Viti and Scalabrelli, 1988). A lack of 
synchronism between dormancy release, xylem differen-
tiation and microsporogenesis evolution has recently been 
demonstrated under warm winter conditions (Bartolini et 
al., 2006 b; Andreini et al., 2012).

The negative role of certain temperatures is confirmed 
also during the ecodormancy stage. In particular, tempera-
ture fluctuations affect different stages of reproductive 
development and this stress might lead to developmental 
asynchrony in pollen–pistil–ovule functioning, leading to 
reduced fertilization levels (Hedhly, 2011).

Considering such events, determining the effective-
ness of temperature regimes on dormancy release has, for 
a long time, been a focus of many studies. Several models 
have been proposed to predict the response of buds to chill-
ing, establishing the CR of each specific genotype. The 
most simple one was introduced by Weinberger (1950) 
who simply defined the ‘chilling hours’ as the number 
of hours at or below 7°C. The method of Bidabé (1965) 
calculates the effect of given temperatures either for chill-
ing or heat requirements by exponential models. The Utah 
model weights the efficiency of different temperatures for 
CR fulfillment (Richardson et al., 1974 and 1975). This 
model is the best tailored for cool and temperate regions 
(Seeley, 1996), while under warm conditions (i.e. the sub-
tropical regions) Erez et al. (1990) proposed the ‘dynamic 
model’ as a better indicator for peach CR estimation. The 
model assigned negative values to high temperatures (ne-
gation of rest) during endodormancy (Allan et al., 1993). 
Bonhomme et al. (2010), indicate a simplified smoothed 
Utah model as the best for French conditions, introduc-
ing a more broad range of effective temperatures to break 
dormancy.
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…and what about dormancy processes with regard to cli-
matic changes?

Global warming of the climate system is unequivocal 
from observations of increases in average air temperatures 
in many parts of the world (Legave et al., 2009). Since the 
end of the 1980s, this temperature change  has influenced 
plant phenology, and in the future further climate changes 
will probably have an impact on crop yields (Chuine and 
Cour, 1999; Chmielewski et al., 2004). Mean temperatures 
will probably rise between 1.8 and 4.0°C by the end of the 
21st century, according to IPCC reports.

Over the period 1910-2003, climate warming was al-
ready in motion with a minimum temperature increase 
of 0.25°C per decade, as reported for the Californian 
San Joaquin Valley (Baldocchi and Wong, 2007). The 
most striking feature of climate change in eastern Asian 
countries during the past century may be the remarkable 
winter-season warming (Kwon et al., 2008). As a con-
sequence, significant impact can be expected on winter 
dormancy and spring bud-burst for crops and natural 
vegetation in this region, as has been observed in Eu-
rope (Chmielewski et al., 2004). In the Mediterranean 
area, the winter climate shows a tendency to become 
progressively milder (Guerriero et al., 2010; Menzel et 
al., 2011). In this context, certain years (i.e. 2006-2007) 
were characterized by constantly very mild autumn and 
winter temperatures: the minimum values occasionally 
went below 0°C, while the maximum values often ex-
ceeded 15°C (Luterbacher et al., 2007;  Viti et al., 2010). 
Thus, over the past twenty years a progressive reduction 
of chilling amount was recorded (Fig. 6).

In the global warming scenario, phenological pro-
cess-based models are considered the best tool to study 
the climatic changes and subsequent expected phenology 
alteration (Chuine et al., 2003). BRIN is a recent phen-
ological model, calibrated for grapevine, able to predict, 
simultaneously, timing of budburst and flowering (García 
de Cortázar-Atauri et al., 2009). This model computes the 
dormancy period using Bidabe’s Cold Action model (Bid-
abé, 1965), and the post-dormancy period by the sum of 
hourly temperatures (growing degree hours-GDH, method 
of Richardson et al., 1974). Recently, the BRIN model has 
been calibrated and validated also for apricot cultivars un-
der the climatic conditions of southern France allowing an 
effective prediction of dormancy release date (Andreini et 
al., 2013). As a consequence, BRIN model could be ap-
plied in a “A1B” future scenario taking into account two 
aspects valuable for all cultivars: a delayed dormancy 
break and an early flowering. Advances in modeling will 
be made using the experimental data of dormancy release 
to calibrate forecast models that can reproduce the physio-
logical behaviour of the three. According to Bonhomme et 
al. (2010) further study will consist in testing a wide panel 
of data and also assessing the introduction of the optimized 
endodormancy release model as sub-model into bud break/
bloom phenological model. This will likely improve them 
and could be very interesting for phenological predictions 
in the global change context.

Concluding remarks and perspectives
Survival and competitive success of woody plants 

depend on a precise timing of growth, winter dormancy 
in synchrony with seasonal changes in temperature. In 
particular, apricot is a species sensitive to satisfying the 
CR and thus achieving the release of dormancy and bud 
break. Several cultivars of different geographical origins 
are heavily affected by the problem of dormancy release, 
which is one of the main causes of inconstant yields. The 
effect of temperature on the induction and depth of dor-
mancy may explain some of the observed annual variation 
in dormancy and CR for its release.

The picture emerging from this work points to a com-
plex relationship between winter temperatures and several 
biological processes in response to overcoming dormancy 
in flower buds. In particular,  it has been demonstrated that 
climatic conditions characterized by mild autumn-winter 
seasons can affect the regular development of flower bud 
organs, leading to the appearance of anomalies. Moreover, 
several studies have indicated that an asynchronism among 
biological (i.e. endodormancy release, microsporogenesis 
evolution), anatomical (i.e. xylem vessel differentiation) 
and biochemical (i.e. changes in metabolic compounds 
and enzymes) events could represent further causes for an 
inconstant rate of blooming. At this time, knowledge of 
the mechanisms involved in dormancy is still fragmentary 
although  recent studies of global gene expression in dif-

Fig. 6 - �Chilling Units accumulation from 1991 to 2012 : a) during win-
ter season,  b) on 31 January. Data recorded under the climatic 
conditions of  the Tuscany coastal area.
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ferent species have carried us several steps forward,  pro-
viding an excellent basis for elucidating function of genes 
and components thought to be involved in temperature and 
other environmental signaling.

In a context of global warming, mild winter temperat-
ures could greatly impact apricot cropping systems. Forth-
coming research on this particular topic will be crucial and 
of great economic importance. A new model, calibrated 
and validated on apricot cultivars, is proposed  to predict 
the dormancy release date in a  future scenario. Specific 
breeding programs, focusing on rustic cultivars more ap-
propriate for particular environmental conditions, should 
provide additional improvements in apricot culture in the 
Mediterranean basin.
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1. Introduction

Grapes are considered one of the world’s major fruit 
crops. Grapes in the Midwest states of the USA are greatly 
influenced by frost injury. Particularly in Nebraska, spring 
frost is one of the major limitations to grape production. 
In 2007, grapevines were severely damaged because ex-
traordinarily warm temperatures at the end of March were 
followed by extremely cold temperatures during the first 
week of April. Losses in affected areas in the Midwest 
states due to that particular freeze event were estimated to 
exceed one billion dollars (Guinan, 2007).

Heaters, wind machines, and sprinkler irrigation have 
been employed to minimize frost impact. These methods 
help reduce frost injury but are very costly. Due to their 
expense many grape growers do not utilize them, hop-
ing that frost injury will affect only the primary bud and 
that secondary buds will recover growth after primary bud 
damage. Protecting the primary bud is essential because, 
for example in ‘Concord’, they produce 300 to 400% more 
fruit with 135 to 190% larger clusters compared to sec-

ondary buds (Wiggans, 1926). Some grape cultivars are 
not productive on secondary buds, as is the case for ‘Edel-
weiss’ (Smiley et al., 2008).

A different approach is to delay bud break until the pe-
riod of frost risk passes, thus reducing frost injury dam-
age. Growers have used many methods to delay bud break. 
Late or delayed pruning was shown to delay bud break 
and bloom date (Loomis, 1939). Call and Seeley (1989) 
reported a five day delay in bud break by using dormant 
oils on peach trees. Dami and Beam (2004) obtained a 20-
day delay compared to the control after applying Amigo 
Oil on ‘Chancellor’ grapevines. Nigond (1960) applied 
NAA in the 500 to 1000 ppm range on ‘Aramon’ grape-
vines on various dates from October until March and no-
ticed retarded bud break by 16 to 27 days. Many American 
hybrids such as ‘Edelweiss’ are known to exhibit cold har-
diness. Nevertheless, these hybrids can remain under frost 
threat until frost period passes.

The objectives of the present study were to compare 
NAA and vegetable “Amigo Oil” applications on ‘Edel-
weiss’ vines to determine the best treatment for delay-
ing bud break and to determine the effect of delaying bud 
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break on fruit yield and characteristics such as juice pH, 
°Brix, and titratable acidity (TA).

2. Materials and Methods

Field experiment 2009
The research was conducted during the 2009 winter 

season at James Arthur Vineyards located in Raymond, 
Nebraska within Lancaster County. Treatments were ap-
plied on 12-year-old vines. The vines are trained accord-
ing to the Geneva Double Curtain trellis system. Planting 
distances are 2.44 m between plants and 3.66 m between 
rows. Rows are oriented north to south. The experiment 
consisted of five treatments: NAA (500, 750, and 1000 
mg/l) purchased from Phyto Technology Laboratories 
(Shawnee Mision, KS), Amigo Oil (Loveland Industries, 
Greely, CO) applied at 10% v/v which consisted of 9.3% 
oil and 0.7% emulsifier, and the control which was not 
sprayed. A randomized complete block design was used 
with three blocks of 20 vines each. There were four appli-
cation dates: 6 January, 3 February, 3 March, and 1 April 
2009. Most canes were pruned to leave the five proximal 
buds before applying treatments. The remaining distal 
portion of the canes was removed by the normal pruning 
practices employed at James Arthur Vineyards. Thus, the 
canes studied in the first year all had the same number of 
buds (i.e. five) and the total number of buds on vines were 
approximately the same. The whole vine was sprayed us-
ing a hand sprayer with each vine receiving approximately 
0.33 l. After spraying, two canes per vine, each having five 
buds, were randomly selected and labeled. In the spring 
of 2009, vines were visually evaluated for bud break. Bud 
break was determined as stage five of the Eichhorn and 
Lorenz (1977) scale of grapevine development, where bud 
scales have expanded to the point at which a green shoot 
is visible. Bud break was evaluated day by day throughout 
the spring until each cane reached 60% bud break (three 
buds opened out of the five left after pruning). The number 
of Julian Days starting from 1 January 2009 until achiev-
ing 60% bud break was used as the basis of calculating 
number of days for bud break. 

Harvest date was determined by taking random sam-
ples of berries and measuring their °Brix with a refractom-
eter. On 14 August 2009 the number and weight of clusters 
from the two selected canes were recorded. From the total 
clusters, 50 berries were randomly counted, placed in a 
plastic storage bag, and placed at 0°C until berry sample 
analysis could be conducted. On 14 September 2009 berry 
samples were analyzed for pH, °Brix, and titratable acidity 
(TA). The 50 berries/vine were weighed, allowed to thaw 
to reach room temperature, wrapped in cheese cloth, and 
crushed manually using a mortar and pestle. The extracted 
juice was poured into test tubes to conduct the analyses. 
Juice pH was measured with a Pope pH/ion meter model 
1501. Soluble solids (°Brix) content was measured using 
an Atago PR-101 digital refractometer purchased from 

Nova-Tech International, Inc. (Houston, TX). TA was 
determined by titration with NaOH, using the procedure 
of Dharmadhikari and Wilker (2001). On 18, 22, and 25 
March 2010 pruning weights were recorded using an up-
right balance scale. In order to obtain data regarding cu-
mulative effects of the treatments on fruiting the follow-
ing year, the total number of clusters/vine were counted 
on 10 August 2010. Temperatures for Raymond, Nebraska 
throughout 2009 were obtained from the High Plains Re-
gional Climate Center, University of Nebraska, Lincoln. 
All statistical analyses were performed using SAS/STAT 
Version 9.2 and Analysis of Variance was conducted by the 
PROC GLIMMIX procedure.

Field experiment 2010
Treatments were applied on 13-year-old vines. These 

vines were not the ones sprayed in 2009. The experiment 
consisted of five treatments: NAA (500, 1000, and 1500 
mg/l), Amigo Oil applied at 10% v/v, and the control 
which was not sprayed. A randomized complete block de-
sign was used with three blocks of 15 vines each. There 
were three application dates: 28 January, 25 February, and 
25 March 2010. The entire unpruned vines were sprayed 
and each vine received approximately 1l of treatment so-
lution. The treated vines were then pruned on 30 March 
2010. The total number of buds/vine was recorded to de-
termine when 50% of the total buds showed bud break and 
not 60% as in 2009 because of the differences in treat-
ment procedures. In the spring of 2010, vines were visu-
ally evaluated for bud break, which was determined as 
previously mentioned. The total number of buds/vine was 
counted and bud break was evaluated day by day through-
out the spring until each vine reached 50% bud break of 
the total number of buds that were recorded in March. 
The number of Julian Days starting from 1 January  2010 
until 50% bud break was achieved was used as the basis to 
calculate the number of days for bud break.  On 11 August 
2010 the number of clusters and weight of clusters/vine 
were recorded. From the clusters, 30 berries were ran-
domly counted, placed in a plastic storage bag, and placed 
in the freezer until berry sample analysis could be con-
ducted. On 18 August 2010 berry samples were analyzed 
for pH, °Brix, and titratable acidity (TA) using the same 
procedures as described for the 2009 field experiment. 
Similarly to 2009, temperatures for Raymond, Nebraska 
throughout 2010 were obtained from the High Plains Re-
gional Climate Center, University of Nebraska, Lincoln. 
All statistical analyses were performed using SAS/STAT 
Version 9.2 and Analysis of Variance was conducted by 
the PROC GLIMMIX procedure.

3. Results and Discussion

Field experiment 2009
As revealed from the analysis of variance, there was a 

significant treatment by month interaction for bud break 



20

and pH at (P≤ 0.05) (Table 1). Similar interactions were 
found by Dami and Beam (2004) in ‘Chancellor’ and 
‘Chambourcin’ but not in ‘Chardonel’. Due to interaction 
effects, month effects within treatments and treatment ef-
fects within the month are presented in Table 2.

Delaying pruning until March had a significant effect in 
delaying bud break by two days compared to vines pruned 
in February (Table 2). While a difference between the 
pruning carried out in February and March was detected, 
that difference does not exist when considering pruning 
in January and April. Therefore, the treated vines in 2010 
study were pruned on the same date (30 March 2010) to 
avoid pruning effects. The idea of pruning, then applying 
treatments was to maintain apical dominance since prun-
ing can signal vine bud growth, increase the effectiveness 
of spraying since ‘Edelweiss’ exhibits a vigorous growth, 
and reduce chemical applications since the canes will 
eventually be headed back to a certain number of buds 
in the pruning season. From the results of NAA applica-
tions, it seems that auxin applications failed to maintain 
apical dominance and inhibit lateral bud growth because 
grapevines exhibit such a strong dominance (Friend et al., 
2001). No significant differences were found among NAA 
500, 750, and 1000 ppm between the months (Table 2). 
Regarding oil, no significant differences were found with-
in months except in March (Table 2). This was due to the 
improper mixing of the oil with water because the oil was 
mistakenly frozen on the day of spraying.

With regard to the effects of treatments within months, 
it appeared that desirable results were achieved by oil and 
NAA at 1000 ppm treatments in all months (Table 2). Ex-
cept in March, oil applications significantly delayed bud 
break by five days compared to the control (Table 2). Oil and 
NAA at 1000 ppm were only significantly different in Janu-

ary and April (Table 2). Overall, there were no significant 
differences between the control, NAA at 500, and 750 ppm.

Table 1 reveals neither a treatment by month interac-
tion nor a treatment effect, but it does show a month effect 
at (P≤ 0.05) regarding the number of clusters in 2009. The 
largest average number of clusters per cane was found in 
April-treated vines but they were not significantly differ-
ent from averages for vines treated in March and January 
(Table 3). The average number of clusters was lowest in 
February-treated vines and significantly different from the 
other three treatment dates (Table 3). Most importantly, no 
treatment effect was detected. The number of clusters per 
shoot ranged from 5.5 to 8.2 (data not shown).

Five buds were retained after pruning. Usually, each 
bud can produce one to two clusters (personal observa-
tion), hence ten clusters would have been an optimum 
production in this case.  Nevertheless, the above averages 
were acceptable to James Arthur Vineyards and the aver-
age difference between April- and February- treated vines, 
although statistically different, is only 1.5 clusters (Table 
3). This difference could be explained by cluster character-
istics of ‘Edelweiss’ which are known to be very loose and 
many clusters can simply fall down on the ground by any 

Table 1 - �Analysis of variance table for the experiment conducted in 2009

Source of 
variance

DF Bud break
No. of clusters 

produced in
summer 2009

CW BW °Brix pH TA PW
No. of clusters 

produced in 
summer 2010

Treatment 4 	 < 0.0001 	 0.49 	 0.18 	 0.68 	 0.60 	 0.29 	 0.16 	 0.88 	 0.98

Month 3 	 0.60 	 0.02 	 0.32 	 0.44 	 0.51 	 0.38 	 0.63 	 0.53 	 0.43

Interaction 12 	 0.02 	 0.63 	 0.68 	 0.47 	 0.63 	 0.0039 	 0.38 	 0.34 	 0.47

CW=Cluster weight, BW=Berry weight, TA=Titratable acidity, PW=Pruning weight.

Table 2 - Pruning time and spray treatment effects on average days to show 60% bud break in 12-year-old ‘Edelweiss’ grapevines

Pruning time
Spray treatments

Control NAA 500 ppm NAA 750 ppm NAA 1000 ppm Oil

January 	 125.0 ab (c) 	 126.0 a (c) 	 126.5 a (bc) 	 128.0 a (b) 	 130.0 a (a)

February 	 124.0 b (c) 	 124.5 a (bc) 	 126.0 a (b) 	 129.0 a (a) 	 129.0 a (a)

March 	 126.0 a (b) 	 126.0 a (b) 	 127.0 a (ab) 	 128.3 a (a) 	 126.5 b (ab)

April 	 125.5 ab (c) 	 125.0 a (c) 	 126.0 a (bc) 	 127.7 a (b) 	 129.7 a (a)

Different letters in a column indicate significant differences at P≤0.05 according to Fisher’s Protected LSD. The lower case letters in parenthesis are 
related to treatment effects within months.

Table 3 - �Least significant difference test (LSD) for average number of 
clusters per cane of 12-year-old ‘Edelweiss’ grapevines

Pruning time Average number of clusters per cane

April 7.3 a

March 7.2 a

January 7.0 a

February 5.8 b

Different letters in a column indicate significant differences at P≤ 0.05 
according to Fisher’s protected LSD.
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means of physical contact (Swenson et al., 1980; Brooks 
and Olmo, 1997; Smiley et al., 2008).

No significant interaction, month, or treatment effect 
was found in average weights of ‘Edelweiss’ clusters at (P≤ 
0.05) (Table 1). Cluster weights of the two selected canes 
ranged from 1.33 to 2.22 kg (data not shown). This supports 
the lack of differences found regarding the average number 
of clusters per cane since cluster weights were recorded as 
averages of the two canes selected and the differences found 
in average number of clusters per cane is attributed to the 
looseness characteristic of ‘Edelweiss’ clusters.

Also, no significant interaction, month, or treatment ef-
fect was found in weights of 50 samples of ‘Edelweiss’ 
berries (P≤ 0.05) (Table 1). Once again, this will supports 
neglecting the differences detected in the average number 
of clusters per cane. The 50 berry sample weights ranged 
from 116.0 to 125.2 g (data not shown).

A treatment by month interaction was only found in pH 
analysis at (P≤0.05) (Table 1). Due to interaction effects 
in pH analysis, month effects within treatments and treat-
ment effects within the month are presented in Table 4.

NAA at 750 and 1000 ppm showed no differences in 
pH values for all four pruning times (Table 4). Meanwhile, 
oil treatment gave a significantly lower pH for April prun-
ing, as did the control in January, although the latter was 
not significantly different from February’s result (Table 4). 
More obvious differences were observed with NAA at 500 
ppm for the four pruning times (Table 4).

Regarding treatment effects within months, no sig-
nificant differences were found among treatments within 
March (Table 4). The control was significantly different 
from all other treatments in January (Table 4) and the oil 
treatment was significantly different from the control and 
NAA at 750 ppm in April. From the results in Table 4 and 
Table 1, it seems that differences in pH values are not due 
to the delay in bud break but to environmental conditions. 
In this regard, Creasy and Creasy (2009) mentioned that 
berry characteristics are totally dependent on environmen-
tal conditions, especially the microclimate (climate within 
canopy). This was also confirmed by Huck (2009). In her 
study, training systems influenced sunlight penetration, 
canopy structure and thus fruit composition of ‘Frontenac’ 
was totally dependent on climate within the canopy. The 
vines showed vigorous vegetative growth in 2010 with a 
low number of clusters. Weaver (1976) noted that calyp-

tras may not fall in cold rainy weather and this will reduce 
the amount of fruit set.

The °Brix ranged from 12.3 to 13.2, pH values were 
3.14 to 3.27, and TA values were 0.83 to 1.13 g/100 ml 
(data not shown). Regarding harvest parameters, Dhar-
madhikari and Wilker (2001) mentioned that optimum 
ranges for white wine would be 21-22%, 3.2-3.4, and 0.7-
0.9 g/100 ml for the total soluble solids, pH, and the TA, 
respectively. ‘Edelweiss’ is purposely harvested at an ear-
lier stage regarding °Brix and then chaptalized. Swenson 
et al. (1980) mentioned that ‘Edelweiss’ juice is relatively 
low in acidity (0.6-0.8%) and has moderate soluble sol-
ids (14-16%), and recommended that for wine making it 
should be picked at an early mature stage (14°Brix).

Harvest parameter results of the 2009 study were in 
the recommended ranges, except for soluble solids. Lower 
°Brix values than the preferable ranges (14-16%) of the 
samples harvested in 2009 were due to the cooler July 
temperatures (Fig. 1). Higher temperatures during that 
month would have been preferable for the vines to pro-
duce more photosynthates and accumulate more sugar. 
Weaver (1976) and Winkler et al. (1974) mentioned that 
an optimum temperature for photosynthesis ranges from 
25 to 30°C. In addition, lower nighttime temperatures 
would have been preferable to reduce respiration rates and 
breakdown the accumulated sugars. Winkler et al. (1974) 
mentioned that 4.4°C halves the respiration rate and is an 
advantage to suppress fungal disease.

Table 4 - �Pruning time and spray treatment effects within month on pH of  fruit harvested in 2009 from 12-year-old ‘Edelweiss’ grapevines treated 
with NAA and “Amigo Oil”

Pruning Time
Spray Treatments

Control NAA 500 ppm NAA 750 ppm NAA 1000 ppm Oil

January 3.14 b (b) 3.26 ab (a) 3.26 a (a) 3.22 a (a) 3.26 a (a)

February 3.21 ab (ab) 3.27 a (a) 3.23 a (ab) 3.17 a (b) 3.25 a (a) 

March 3.23 a (a) 3.18 c (a) 3.20 a (a) 3.21 a (a) 3.22 a (a) 

April 3.25 a (a) 3.20 bc (ab) 3.24 a (a) 3.20 a (ab) 3.14 b (b)

Different letters in a column indicate significant differences at P≤ 0.05 according to Fisher’s Protected LSD. The lower case letters in parenthesis 
are related to treatment effects within months.

Fig. 1 - �The maximum and minimum monthly average temperatures 
for Raymond, Nebraska in 2009. Source: High Plains Regional 
Climate Center.
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The treatments had no effect on pruning weights tak-
en in winter 2010 as shown in Table 1 at (P≤ 0.05). This 
shows that NAA and oil applications had no negative ef-
fect on vegetative growth during spring, summer, and fall 
seasons after bud break.

Pruning weights ranged from 1.05 to 1.43 kg (data not 
shown). Cultural practices such as mounding that tend to 
increase cold hardiness can result in higher pruning weights 
(Gu, 2003). In his study, mounding protected ‘Gewürztra-
miner’ vines from the cold winter and significantly in-
creased pruning weights. Although cold hardiness was not 
measured in this study, the experimental applications had 
no negative effects on grapevine vegetative growth and 
such delays in bud break should be of no concern.

Regarding the concerns of grape growers on cumulative 
effects, especially with applications of plant growth regula-
tors, the number of clusters per vine ranged from 12 to 16 
(data not shown). Analysis of variance in Table 1 showed 
that there were no such effects regarding the number of clus-
ters produced in the following harvest year 2010 (P≤ 0.05).

Field experiment 2010
Unlike the study in 2009, there was no significant treat-

ment by month interaction, but a significant pruning time 
and spray treatment effect was present (P≤ 0.05) (Table 5). 

The oil treatment significantly delayed bud break by eight 
days compared to the control. Furthermore, it significantly 
delayed bud break by nearly four and five days compared to 
NAA 1500 ppm and 1000 ppm, respectively (Table 6).

Delaying bud break up to 12 days can encourage grape 
growers to use oil as an effective method to delay bud 
break and avoid spring frost injury. “The probability of 
freezing temperatures occurring decreases as spring pro-
gresses. Therefore, cultural methods that delay the onset of 
bud break will decrease the risk of frost damage” (Friend 
et al., 2001). Furthermore, delaying pruning until March 
was very effective in improving results compared to the 
study in 2009 regarding delaying bud break. It is suggested 
that grape growers should delay pruning as much as pos-
sible and if this strategy is to be adopted to reduce frost 
risk, pruning should be done late in the pruning season 
especially for cultivars that exhibit early bud break. Al-
though there was no month effect on bud break, overall 
March applications delayed by one to two days more than 
February and January (data not shown).

Table 5 shows no effects on the total number of clus-
ters per vine in 2010 (it was cluster per cane in 2009) (P≤ 

0.05). The total number of clusters per vine ranged from 12 
to 19 (data not shown), which is similar to the range found 
in 2009. In addition, similar analysis of variance results 
were obtained compared to the 2009 study regarding treat-
ment by month interaction and treatment effects. The only 
difference was a month effect present in the 2009 study 
which was not present in 2010. Totally different weather 
conditions prevailed in 2009 compared to 2010 (Fig. 2).

According to the High Plains Regional Climate Cen-
ter, normal precipitation for Raymond, Nebraska is 121 
mm and 95 mm for May and June, respectively. In 2010, 
monthly precipitation in June was 249 mm, almost three 
times the monthly average. This had a negative impact on 
‘Edelweiss’ fruit set. In fact, ‘Edelweiss’ yields harvested 
at James Arthur Vineyards were 8 tons/acre in 2009 and 

Table 5 - �Analysis of variance table for the experiment conducted in 2010

Source of variance DF Bud break
No. of clusters produced 

in summer 2010
CW BW °Brix pH TA

Treatment 4 < 0.0001 0.90 0.91 0.76 0.89 0.81 0.64

Month 2 0.26 0.26 0.28 0.34 0.84 0.03 0.07

Interaction 8 0.20 0.94 0.92 0.10 0.81 0.23 0.82

CW=Cluster weight, BW=Berry weight, TA=Titratable acidity, PW=Pruning weight.

Fig. 2 - �The maximum and minimum monthly average temperatures 
for Raymond, Nebraska in 2010. Source: High Plains Regional 
Climate Center.

Table 6 - �Least Significant Difference Test (LSD) for average number days 
of bud break for 13-year-old ‘Edelweiss’ grapevines in 2010

Treatment
Average number days 

to bud break

Oil 122 a

NAA 1500 ppm 118 b

NAA 1000 ppm 117 b

NAA 500 ppm 115 c

Control 114 c

Different letters in a column indicate significant differences at P≤ 0.05 
according to Fisher’s Protected LSD.
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only 3 tons/acre in 2010.
No significant effects (P≤ 0.05) were found in ‘Edel-

weiss’ cluster weights (Table 5), which ranged from 2.26 
to 3.65 kg (data not shown).

Analysis of variance for berry weights showed a simi-
lar trend in 2010 as in 2009. No significant effects were 
present at P≤ 0.05 (Table 5). Berry sample weights ranged 
from 97.94 to 104.45 g (data not shown).

Similar trends were present in 2010 °Brix and TA re-
sults with no significant effects at P≤ 0.05. Regarding pH, 
unlike the results of 2009 where a treatment by month 
interaction was present, the 2010 study showed a month 
effect at (P≤ 0.05). °Brix ranged from 12.7 to 13.5, pH 
values were 3.26 to 3.41, and TA values were 1.1 to 1.4 
g/100 ml (data not shown). °Brix ranges were higher in 
2010, which was expected since average July temperatures 
were 27.2°C and 28.8°C in 2009 and 2010, respectively. 
Regarding pH and TA, the 2010 results for the former are 
in the same range as recommended (3.2-3.4) by Dharmad-
hikari and Wilker (2001), but TA ranges were a little high-
er than the recommendation of 0.7-0.9%.

The analysis of variance table for pH results showed a 
significant month but not a treatment effect at (P≤ 0.05). 
Absence of a treatment effect on berry characteristics is 
important for recommendation purposes. However, only 
slight differences were found between months (Table 7).

4. Conclusions

Based on the 2010 results, delaying pruning until 
March, especially for cultivars that show early bud break 
such as ‘Edelweiss’, will delay bud break. Amigo Oil did 
not exhibit the 20-day delay reported by Dami and Beam 
(2004) in French-American hybrids and NAA did not 
exhibit the 16- to 27-day delay that was obtained in the 
study with cut stems taken from ‘Aramon’ (Vitis vinifera) 
vines (Nigond, 1960). Amigo Oil gave better performance 
compared to NAA in both years, even at higher NAA con-
centrations. It delayed bud break slightly longer (four to 
five days) and did not affect either the quantity or quality 
of fruit produced. NAA at 1000 and 1500 ppm showed 
a potential bud break delay similar to that of Amigo Oil. 
Oil applications and NAA at 1000 to 1500 ppm in March 
and up to early April could provide grape growers with an 
acceptable delay of bud break. This is based on the perfor-
mance of both oil and NAA applications in the field ex-

periments. Delaying bud break shows no negative impact 
on berry characteristics.

As a result of this research, it can be recommended to 
use Amigo Oil at 10% or NAA at 1000 to 1500 ppm from 
March to April for sites that are prone to frost events such 
as in southeastern Nebraska and on cultivars that show 
early bud break such as ‘Edelweiss’. Any resulting delay 
in bud break will decrease the possibility of frost injury. 
Furthermore, this study opens the door to future studies re-
garding the value of repeated spraying (Qrunfleh, 2010) or 
mixing Amigo Oil with NAA. Furthermore, investigation 
of any phytotoxicity damage to buds caused by oil applica-
tions that could possibly occur under vineyard conditions 
is warranted. 
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1. Introduction

Bud dormancy in temperate-zone deciduous fruit trees 
is an adaptive mechanism to survive unfavourable condi-
tions during the winter (Faust et al., 1997) and it is clas-
sified into three different stages: paradormancy, endodor-
mancy and ecodormancy (Lang, 1987). In autumn, buds 
enter a dormant state known as endodormancy after the 
trees stop growing and the leaves fall. During this state 
the trees cannot start bud growth even if the environmen-
tal conditions are favourable. Endodormancy is broken 
by accumulation of low temperatures, known as chilling 
requirement (CR), and it depends on the species and cul-
tivar (Westwood, 1978; Saure, 1985). However, a lack of 
adequate chilling to satisfy the CR to break endodorman-
cy due to climate change (especially global warming) in 
recent years inhibits the normal growth of new organs in 
spring (Sugiura et al., 2007).

Japanese pear [Pyrus pyrifolia (Burm. f.) Nakai] is one 
of the most important fruits for the Japanese and the ear-
liest records of pear cultivation in Japan date back 1300 
years. Commercial Japanese pear cultivation increased 
with the development of a consumer society during the 
Edo period (1600-1868). Since then, Japanese pear pro-
duction underwent from 1920 to 1930, then again from 
1950 to a peak in 1970; cultivation is now stable (Tamura, 
2006). Figure 1 and Table 1 show the main pear growing 

areas in Japan. The average annual temperatures of these 
areas range from 12 to 17°C, and the average growing sea-
son temperature (April to September) is 19 to 23°C. 

In recent years, Japanese pear cultivation has sig-
nificantly increased in warm-winter regions (Chen et al., 
1995). In countries such as New Zealand (Kingston et al., 
1990; Klinac and Geddes, 1995) and Brazil (Petri and 
Herter, 2002; Petri et al., 2002), a lack of winter chilling 
has caused problems in promoting bud break in pear during 
spring. Several recent studies have focused on the break-
ing of dormancy in grapes (Or et al., 2000, 2002; Pang et 
al., 2007; Halaly et al., 2008) by using hydrogen cyana-
mide (HC) as a tool to modify the breaking of endodor-
mancy. In grapes, treatment of buds with HC increased 
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hydrogen peroxide concentration and inhibited catalase 
activity (Perez et al., 2008). This is the first step in a cas-
cade that up-regulates several signaling proteins such as 
transcription factors, protein phosphatases, and protein ki-
nases (Neill et al., 2002). Application of HC has also been 
shown to result in transcriptional up-regulation of grape 
dormancy-breaking related protein kinase (GDBRPK), a 
sucrose non-fermenting protein kinase (SNF-like protein), 
pyruvate decarboxylase (PDC), alcohol dehydrogenase 
(ADH), thioredoxin h (Trxh), glutathione S-transferase 
(GST), ascorbate peroxidase (APX), glutathione reductase 
(GR), and sucrose synthase (SuSy) (Or et al., 2000; Pérez 
and Lira, 2005; Keilin et al., 2007; Halaly et al., 2008; 
Pérez et al., 2008). However, the mechanism regulating 
induction and breakage of endodormancy in Japanese pear 
remains unknown.

In this paper, we review the progress of our research on 
endodormancy related problems, e.g. CR of cultivars, genet-
ic factors of CR, endodormancy induction, gene expression 
in Japanese pear over the past 10 years, and future trends.

2. Materials and Methods

Environmental factors of endodormancy induction
The effects of temperature and day length during autumn 

on induction of endodormancy in Japanese pear were ex-
amined. The experiment was conducted using two Japanese 
pear cultivars [(Pyrus pyrifolia (Burm.f.) Nakai)], ‘Nijissei-
ki’, grafted onto P. betulaefolia Bunge seedlings planted at 
Tottori University, Tottori, Japan (35.5°N, 134.2°E). Potted 
‘Nijisseiki’ pear trees were placed before endodormancy 
induction in a greenhouse kept at a minimum temperature 
above 18oC in September 2004 or in an open field; the pho-
toperiod was controlled for 16 hrs or kept under natural con-
ditions in each place, respectively. Then, one year old shoot 
was collected and the percentage of budbreak was defined. 
The apical flower bud was cut, and shoots were divided into 
five-node cuttings containing five continuous lateral leaf or 
floral buds. The basal part of the cuttings was submerged in 
0.03% (v/v) aluminum sulfate and 0.3% (v/v) 8-hydroxy-
quinoline. The cuttings were then maintained in a growth 
chamber at 23±1°C and 24-h photoperiod for four weeks. 
Bud break is defined as a developmental stage character-
ized by swelling of the buds and the emergence of a green 
tip between scales (Tamura et al., 1992). The incidence of 
bud break in each bud type was determined on five shingle 
shoots having five buds for 28 days.

In addition to this experiment, ‘Nijisseiki’ pear shoots 
were collected in late September 2005. Shoots were sub-
merged in 0.003% (v/v) aluminum sulfate and 0.3% (v/v) 
8-hydroxyquinoline and treated at 5 and 15oC for 5, 7 and 
14 days. After that bubreak percentage was defined.

CRs and forecasting model for endodormancy breaking
In order to estimate the CR for breaking endodormancy 

in wild pear species and pear cultivars, cultivars grown in 
the orchard of Tottori University and Tottori Horticultural 

Experiment Station (35.5°N, 133.7°E) during the 2008-
2009 season were used. Leaf bud break on the cuttings 
prepared from these trees was determined as previously 
described. The CR was calculated as chill unit (CU) values 
using the Saitama method (Asano and Okuno, 1990) as 
described by Tamura et al. (1997). Effective chilling hours 
were calculated after October 31 when the largest negative 
accumulation was attained.

In addition to this experiment, we also investigated the 
budbreak percentage in Taiwanese pear Yokoyama, Japa-
nese pear strain TH3 which is a selected strain from the 
seedlings of self-pollinated ‘Osa-Nijisseiki’ having homo-
zygote of S4sm gene and their F1 for three years (2008, 
2009 and 2010 seasons).

Mechanisms involved in induction and breaking of 
endodormancy

We isolated the candidate gene related to endodor-
mancy breaking by suppression subtractive hybridiza-
tion (SSH) method. Total RNA was isolated from ‘Nijis-
seiki’ pear buds on 12 November 2005 (deepest period of 
endodormancy: DP) and 12 January 2006 (breaking period 
of endodormancy: BP). SSH was carried out between bud 
in BP (‘tester’) and bud in DP (‘driver’) using the PCR-
Select Subtractive Hybridization kit (Clontech, Palo Alto, 
CA, USA) according to the manufacturer’s instructions, 
except for the modification of the first- and second-round 
PCR conditions. Genes isolated as candidate genes relat-
ed to bud endodormancy were analyzed by Northern blot 
analysis using total RNA isolated from buds of ‘Nijisseiki’ 
and ‘Kousui’ pear.

3. Results and Discussion 

Endodormancy is induced in buds of deciduous fruit 
trees in autumn, and then it is broken by the accumulation of 
low temperature in winter. The report focused on endodor-
mancy induction are few, but the necessary environment 
condition to induce endodormancy is reported to be short 
day condition (Kawase, 1961) or low temperature (Tohbe 
et al., 1998). In ‘Delaware’ grape before endodormancy in-
duction, buds treated long-days inhibited the induction of 
endodormancy than buds on natural condition (Horiuchi et 
al., 1981). On the other hands, Tamura et al. (1997) showed 
that the induction period of endodormancy in Japanese pear 
varies greatly as calendar days from year to year.

Thus, the effects of temperature and day length during 
autumn on induction of endodormancy in Japanese pear 
were tested. As a result, green house grown ‘Gold Nijis-
seiki’ trees kept high level of budbreak even though on 
mid-December, with no effect of photoperiod (Table 2) 
(Takemura et al., 2011). In contrast, the percentage of bud-
break of trees decreased in both open field. Thus, a lack 
of chilling by the heating treatment above 18oC inhibited 
endodormancy induction, but a 16 hours photoperiod did 
not prevent it. In addition to this experiment, we collected 
‘Nijisseiki’ pear shoots on late September, and then were 
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exposed at 5 and 15 oC for 5, 7 and 14 days. Then percent-
age of budbreak was detected. As a result in the experi-
ment, it was cleared that temperature of 5oC was effective 
for inducing bud endodormancy in the cuttings, whereas 
a temperature of 15oC was ineffective (Fig. 2) (Takemura 
et al., 2011). From these results, the endodermancy of the 
Japanese pear was induced by low temperatures in autumn 
rather than short-day.

The CU and Developmental Index (DVI) models were 
earlier developed to predict the day of breaking bud endodor-
mancy in the Japanese pear (Asano and Okuno, 1990; Su-
giura and Honjo, 1997; Tamura et al., 1997). The start day 
of the calculation and the low temperature accumulation on 
both models are decided as the day perceived low temper-
ature or calendar day. To decide environmental factors of 
endodormancy induction is important to reduce the gap of 
start day in both models by climate change in the future.

Next, the effects of temperature and day length during 
autumn on induction of endodormancy in Japanese pear 
was tested. From these results, the chilling requirement 
for completion of leaf bud endodormancy in pear plants 
ranged from below 400 to 1800 CU (Table 3) (Takemura et 
al., 2013). Among the pear plants examined, ‘Yokoyama’, 
which is originated in Taiwan, had the lowest chilling re-
quirement (below 400 CU). In wild pear species, P. fauriei 
showed the lowest chilling requirement (400-800 CU), fol-
lowed by P. calleryana and P. dimorphophylla. In addition, 
Akibae cultivar had the lowest CR among the Japanese pear 
cultivars examined, and their CR was between 800 and 1000 
CU (Table 3) (Takemura et al., 2013). This cultivar has the 
same level of CR of ‘Hosui’ and ‘Ninomiya’, the lowest CU 
cultivar observed among Japanese pear varieties (Tamura et 
al., 2001). Therefore, these three cultivars may serve as suit-
able cultivars for propagation in warm-winter areas.

On the other hand, there is no Japanese pear which re-
quired low-chilling as shown in ‘Anna’ apple, having 300 
CU as chilling requirement. From these results, ‘Yokoya-
ma’ was selected as gene resource for breeding Japanese 
pear requiring low-chilling. In 2003, ‘Yokoyama’ pollen 
was pollinated with the flower of Japanese pear strain 
‘TH3’ just after castration. ‘TH3’ is a S1 of ‘Osa-Nijiss-
eiki’, which has homozygous of S4sm as the gene of self-
compatibility haplotype. Using the seedlings obtained, 
the budbreak percentage in the parents, ‘Yokoyama’ and 
‘TH3’, and their F1 was investigated for 3 years.

Table 3 - �Chilling requirement for breaking leaf bud endodormancy in 
Pyrus plants evaluated by the seasonal changes in percent leaf 
budbreak (Takemura et al., 2013)

Chilling requirement
(CU)

Registered name

-400 ‘Yokoyama’

400-800 P. fauriei 

800-1000
P. calleryana, P. dimorphophylla, ‘Ci Li’, 
‘Akibae’, ‘Hosui’, ‘Ninomiya’

1000-1200 P. betulaefolia, ‘Kosui’, ‘Wasekouzo’

1200-1400
P. pyrifolia, ‘Qui Bai Li’, ‘Ya Li’, ‘Chojuro’, 
‘Hakko’, ‘Niitaka’, ‘Nijisseiki’, ‘Taihaku’, 
‘Yakumo’

1400-1600
P. longipes, ‘Choju’, ‘Hattastu’, ‘Imamuraa-
ki’, ‘Kikusui’, ‘Kumoi’,   

1600-1800

P. aromatica, P. communis, ‘Bai Li’, ‘Beijing 
Bai Li’, ‘Akaho’, ‘Amanogawa’, ‘Doitsu’, 
‘Kimitsukawase’, ‘Okusankichi’, ‘Shinsetsu’, 
‘Shinsui’

Table 2 - �Effect of temperature and photoperiod on endodormancy induction of leaf bud in ‘Gorld-Nijisseiki’ pear (areas in Japan) (Takemura et 
al., 2011)

Temperature
conditions

Photoperiod
conditions

Bud break (%)

Sampling date/Days of forcing

24 Oct. 10 Dec.

14 days 21 days 28 days 14 days 21 days 28 days

Greenhouse (18oC)
16 hr. 18.0 az 40.0 a 60.0 a 36.0 a 50.0 a 60.0 a 

Natural 18.0 a 34.0 a 44.0 b 22.0 a 50.0 a 64.0 a 

Open field
16 hr. 0.0 b 14.0 b 16.0 c 0.0 b 8.0 b 8.0 b 

Natural 0.0 b 18.0 b 18.0 c 0.0 b 6.0 b 16.0 b 

z Different letters within the same column show a significant difference at P < 0.05 by t-test.

Fig. 2 - �Effect of temperature on endodormancy induction of leaf bud in 
‘Gorld-Nijisseiki’ pear (Takemura et al., 2011).

	 (z) 28 days after forcing at 23oC.
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The data obtained showed that the percentage of bud-
break in ‘Yokoyama’ was higher than 60% on all obser-
vational days. The percentage of budbreak in ‘TH3’ was 
lower than in ‘Yokoyama’ on all observational days, and 
it gradually increased from early December to early Janu-
ary. The percentage of budbreak in F1 plants was widely 
distributed between that of ‘Yokoyama’ and ‘TH3’. On 8 
of all observational days, the average percentage of bud-
break in F

1
 plants was near to that of ‘TH3’ rather than 

‘Yokoyama’ (Fig. 3) (Takemura et al., 2012). Thus, we 
formulated the hypothesis that ‘TH3’ is homozygous for 
a dominant gene involved in the depth of endodormancy, 
but the hypothesis was rejected based on a chi-square test. 
Therefore, it was suggested that pear plant had quantitative 
trait loci (QTL) to decide CR as the genetic factor. It has 
recently been reported that the fifth chromosome of apri-
cots or ninth chromosome of apples possesses QTL that 
influence the CR for breaking endodormancy (van Dyk et 
al., 2010; Campoy et al., 2011).

In addition to these researches, it has been investigated 
about biochemical or molecular biological changes during 
induction or breaking periods of endodormancy in the buds 
of deciduous fruit trees. Previously researches about cold-
hardening during winter in many higher plants shown the 
change of the lipid composition within cellular membrane 
(Uemura and Steponkus, 1994; Uemura et al., 1995) or the 
accumulation of compatible solute within the cell (Koster 
and Lynch, 1992; Wanner and Junttila, 1999; Kamata and 
Uemura, 2004). In the peach buds, the accumulating period 
of total soluble sugar contents and water contents during 
endodormancy seasons were different between two cultivars 
having difference of CRs, even though plants were of the 
same specie (Yooyongwech et al., 2009). Moreover, Yooy-
ongwech et al. (2009) have shown that expression levels of 
Pp-PIP1 and Pp-γTIP1 genes encoding aquaporin regulating 
water transport in tonoplast and plasma membrane increased 
in the peach buds of high-chilling cultivars than that of low-
chilling cultivars before endodormancy breaking. In addi-

Fig. 3 - �Distribution of percentage budbreak on F1 seedlings of ‘TH3’ × ‘Yokoyama’ (Takemura et al., 2012).
	 (z) 28 days after forcing at 23°C. 
	� Vertical bars indicate mean of percentage budbreak on F1 seedlings.
	 : Budbreak of ‘TH3’ and ‘Yokoyama, respectively.
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tion, it has been reported that the change of dehydrin levels 
has been associated with cold hardiness, endodormancy and 
the content/state of water in the tissue of tree (Arora et al., 
1997, 2003; Erez et al., 1998; Karlson et al., 2003). Yamane 
et al. (2006) reported that the role of dehydrin in the bark 
tissue during the dormant season is common to all Prunus 
species from research compared dehydrin expression level 
between evergreen and deciduous peach genotypes. Howev-
er, Yakovlev et al. (2008) found that the expression of some 
dehydrin genes in Norway spruce (Betula pubescens Ehrh.) 
gradually decreased when approaching bud burst, and sug-
gested that the observed changes cannot be related to winter 
dormancy. From results in our research using bud in Japa-
nese pear, it was not clear that dehydrin genes is involved in 
development of endodormancy because the results cannot 
be find the common pattern in two cultivars having differ-
ence CRs (Fig.4; A13F). On the other hands, expression lev-
els of gene encoding GAST-like gibberellin (GA) regulated 
protein increased with development of endodormancy in 
both two Japanese pear cultivars (Fig.4; B9C).

In previous research, there is a lot of reports focused 
on association between endodormancy breaking and phy-
tohormone, including GA (Erez et al., 1979), Ethylene 
(Wang et al., 1985), Auxin (Nakano et al., 1980), Cytoki-
nin (Broome and Zimmerman, 1976; Sterrett and Hipkins, 
1980) and Abscisic acid (ABA) (Corgan and Peyton, 1970; 
Seeley and Powell, 1981; Tamura et al., 1992, 1993).

Among them, ABA is termed ‘dormin’ or ‘dormancy 
inductor’ (Addicott, 1983), and considered the most impor-
tant growth inhibitor. On endodormancy induction period, it 
has been thought that the accumulation of ABA in shoots of 
grape controlled the induction or development of endodor-
mancy (Düring and Alleweldt, 1973). In addition, the con-
tents of ABA within leaf bud in Japanese pear on mid-No-
vember increased in only the open field condition which 
confirmed inducing endodormancy (Fig. 5) (Takemura et 
al., 2011). Moreover, Tamura et al. (1992) reported the de-
crease of ABA contents and the increase of GAs contents on 
endodormancy breaking period in leaf bud of Japanese pear.

The vernalisation has been controlled by GAs interact-
ing closely with ABA and assessed similarities with dor-

Table 4 - �Results of sequence homology search for the candidate genes related to endodormancy

Reference clone
cDNA size 

(bp)
Best database match E-value

A2G 596
Proline-rich protein 1 
(Vitis vinifera; AAL02329.1)

7.00E-41

A13F 826
Dehydrin 1 
(Eriobotrya japonica ; ACL01288.2) 

2.00E-16

B9C 468
Putative GAST-like gibberellin regulated protein 
(Prunus dulcis; ABR13302.1)

1.00E-23

B11D 794
PREDICTED: early light-induced protein, chloroplastic
(Vitis vinifera; XP_002283398.1)

2.00E-59

C3C 927
Cysteine protease inhibitor cystain 
(Malus x domestica; AAO19652.1)

2.00E-137

C11F 503
PREDICTED: uncharacterized RNA-binding protein C23E6.01c-like isoform 1
(Vitis vinifera; XP_002285479.1) 

3.00E-25

D4A 1049
Unnamed protein product
(Vitis vinifera; CBI31586.3)

3.00E-18

Fig. 4 - �Northern blot analysis of the candidate genes is shown in Table 4 
in Japanese pear buds of ‘Kousui’ and ‘Nijisseiki’. CU is shown 
as number in parentheses on the right side of calendar day.

Fig. 5 - �The change of ABA contents on induction period of endodor-
mancy in the leaf bud of Japanese pear. N.C. and L.C. are 
shown as natural day-length condition and long-day condition, 
respectively (Takemura et al., 2011).
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mancy release (Chouard, 1960). In Arabidopsis, the ver-
nalisation after prolonged exposure to low temperatures 
was regulated by FLOWERING LOCUS C (FLC) which is 
MADS-box gene (Sung and Amasino, 2005). In evergrow-
ing peach, Bielenberg et al. (2008) reported a cluster of six 
MADS-box transcription factors (DORMANCY-ASSOCI-
ATED MADS-BOX: DAM) as candidate genes for the reg-
ulation of terminal bud formation. The expression of two 
of these genes, DAM5 and DAM6, is suppressed by chill-
ing temperatures and inversely correlated with bud break 
rate in peach (Jimenez et al., 2010 b), whereas DAM4 and 
DAM6 expression is promoted by short photoperiods (Li 
et al., 2009). Recent studies have also shown that DAM 
genes are differentially expressed in response to seasonal 
dormancy transitions in other plant, inclucing raspberry 
(Rubus idaeus L.) (Mazzitelli et al., 2007), Japan apricot 
(Prunus mume) (Yamane et al., 2008), peach (Jimenez et 
al., 2010 a; Leida et al., 2010) and pear (Ubi et al., 2010).

4. Conclusions

Endodormancy in temperate-zone deciduous fruit trees 
is an essential mechanism to defend buds from  unfavour-
able conditions during winter. To predict the day of break-
ing bud endodormancy is very important for cultivating. 
Especially on the forcing culture, a lack of CR for breaking 
endodormancy caused growth inhibitor as non-germination 
during spring. Therefore, molecular markers which can es-
timate whether plants are broken to the endodormancy or 
not should be developed. Until now, detail of mechanism 
regulating the induction and the breaking of endodorman-
cy is still unknown. In the future, protein analysis related 
endodormancy in addition to these genetic approaches will 
lead us the final conclusion of the mechanisms.

On the other hands, it is suggested that pear and other 
plants had QTL to decide CR as the genetic factor. To pro-
vide for global warming in the future, deciduous fruit tree 
having lower CR should be bread in the future.

The data of the present paper showed that endodor-
mancy in Japanese pear was induced by low temperature, 
without effect of day length. Japanese pear had quantita-
tive trait loci (QTL) as genetic factor to decide chilling re-
quirement (CR) for breaking endodormancy. The increase 
of abscisic acid (ABA) and gibberellin (GA) concentra-
tions in the bud of Japanese pear is related with induction 
and breaking of endodormancy.

References

ADDICOTT F.T., 1983 - Abscisic acid in abscission, pp. 269-
300. - In: ADDICOTT F.T. (Ed.), Abscisic acid. Praeger, 
New York.

ARORA R., ROWLAND L.J., PANTA G.R., 1997 - Chill-re-
sponsive dehydrins in blueberry: are they associated with 
cold hardiness or dormancy transitions? - Physiol. Plant., 
101: 8-16.

ARORA R., ROWLAND L.J., TANINO K., 2003 - Induction 
and release of bud dormancy in woody perennials: a science 
comes of age. - HortScience., 38: 911-921.

ASANO S., OKUNO T., 1990 - Period of breaking the rest and 
the quality of chilling requirement of ‘Kosui’ and ‘Hosui’ 
Japanese pears. - Bul. Saitama Hort. Expt. Sta., 17: 41-47.

BIELENBERG D.G., WANG Y., LI Z.G., ZHEBENTYAYEVA 
T., FAN S.H., REIGHARD G.L., SCORZA R., ABBOTT 
A.G., 2008 - Sequencing and annotation of the evergrowing 
locus in peach Prunus persica (L.) Batsch reveals a cluster 
of six MADS-box transcription factors as candidate genes 
for regulation of terminal bud formation. - Tree Genet. Ge-
nomes., 4: 495-507.

BROOME O.C., ZIMMERMAN R.H., 1976 - Breaking bud 
dormancy in tea crabapple (Malus hupehenisis (Pamp.) 
Rehd.) with cytokinins. - J. Amer. Soc. Hort. Sci., 101: 28-30.

CAMPOY J.A., RIUZ D., EGEA J., DAVID J.G., CELTON J.M., 
MARTÍNEZ-GÓMEZ P., 2011 - Inheritance of flowering time 
in apricot (Prunus armeniaca L.) and analysis of linked quan-
titative trait loci (QTSLs) using simple sequence repeat (SSR) 
markes. - Plant Mol. Biol. Rep., 28: 560-568

CHEN C., TSAI A.A., LIN M.C., KANG Y.D., 1995 - The influ-
ence of scion sources and warm water dipping on dormancy 
breaking and fruit of ‘Kosui’ and ‘Hosui’ pear grafted to ‘Hun-
gshan’ pear in Taiwan. - Acta Horticulturae, 395: 141-147.

CHOUARD P., 1960 - Vernalization and its relations to dor-
mancy. - Annu. Rev. Plant Physiol., 11: 191-238.

CORGAN J.N., PEYTON C., 1970 - Abscisic acid levels in 
dormant peach flower buds. - J. Amer. Soc. Hort. Sci., 95: 
770-774.

DÜRING H., ALLEWELDT G., 1973 - The annual cycle of ab-
scisic acid in vegetative organs of grapevines. - Vitis., 12: 26-32.

EREZ A., COUVILLON G.A., HENDERSHOTT C.H., 1979 
- Quantitative chilling enhancement and negation in peach 
buds by high temperatures in daily cycle. - J. Amer. Soc. 
Hort. Sci., 104: 536-540.

EREZ A., FAUST M., LINE M.J., 1998 - The change in water 
status in peach buds on induction, development and release 
from dormancy. - Sci. Hortic., 73: 111-123.

EREZ A., FISHMAN S., LINSLEY-NOAKES G.C., ALLAN P., 
1990 - The dynamic model for rest completion in peach buds. 
- Acta Horticulturae, 276: 165-174.

FAUST M., EREZ A., ROWLAND L.J., WANG S.Y., NOR-
MAN H.A., 1997 - Bud dormancy in perennial fruit trees: 
physiological basis for dormancy induction, maintenance, 
and release. - HortScience., 32: 623-629.

HALALY T., PANG X., BATIKOFF T., CRANE O., KEREN 
A., VENKATESWARI J., OGRODOVITCH S.A., LAVEE 
S., OR E., 2008 - Similar mechanisms might be triggered by 
alternative external stimuli that induce dormancy release in 
grape buds. - Planta, 228: 79-88.

HORIUCHI S., NAKAGAWA S., KATO A., 1981 - General 
characteristics of bud dormancy in the vine. - J. Japan. Soc. 
Hort. Sci., 50: 176-184.

JIMENEZ S., LI Z.G., REIGHARD G.L., BIELENBERG D.G., 
2010 a - Identification of genes associated with growth ces-
sation and bud dormancy entrance using a dormancy-inca-
pable tree mutant. - BMC Plant Biol., 10: 25.

JIMENEZ S., REIGHARD G.L., BIELENBERG D.G., 2010 b - 
Gene expression of DAM5 and DAM6 is suppressed by chill-



31

ing temperatures and inversely correlated with bud break 
rate. - Plant Mol. Biol., 73: 157-167.

KAMATA T., UEMURA M., 2004 - Solute accumulation in 
wheat seedlings during cold acclimation: contribution to in-
creased freezing tolerance. - CryoLetters., 25: 311-322.

KARLSON D.T., ZENG Y., STIRM V.E., JOLY R.J., ASH-
WORTH E.N., 2003 - Photoperiodic regulation of a 24-kDa 
dehydrin-like protein in red-osier dogwood (Cornus sericea 
L.) in relation to freeze-tolerance. - Plant Cell Physiol., 44: 
25-34.

KAWASE M., 1961 - Growth substances related to dormancy in 
Betula. - Proc. Amer. Soc. Hort. Sci., 78: 532-544.

KEILIN T., PANG X., VENKATESWARI J., HALALY T., 
CRANE O., KEREN A., OGRODOVITCH A., OPHIR R., 
VOLPIN H., GALBRAITH D., OR E., 2007 - Digital ex-
pression profiling of grape EST collection leads to new in-
sight into molecular events during grape-bud dormancy re-
lease. - Plant Sci., 173: 446-457.

KINGSTON C.M., KLINAC D.J., EPENHUIJSEN C.W., 1990 
- Floral disorders of nashi (Pyrus serotina) grown in New 
Zealand. - N.Z. J. Crop. Hortic. Sci., 18: 157-159.

KLINAC D.J., GEDDES B., 1995 - Incidence and severity of 
the floral bud disorder “budjump” on nashi (Pyrus serotina) 
grown in the Waikato region of New Zealand. - N.Z. J. Crop. 
Hortic. Sci., 23: 185-190.

KOSTER K.L., LYNCH D.V., 1992 - Solute accumulation and 
compartmentation during the cold acclimation of puma rye. 
- Plant Physiol., 98: 108-113.

LANG G.A., 1987 - Dormancy: a new universal terminology. - 
HortScience., 22: 817-820.

LEIDA C., TEROL J., MARTI G., AGUSTI M., LLACER G., 
BADENES M.L., RIOS G., 2010 - Identification of genes 
associated with bud dormancy release in Prunus persica by 
suppression subtractive hybridization. - Tree Physiol., 30: 
655-666.

LI Z., REIGHARD G.L., ABBOTT A.G., BIELENBERG D.G., 
2009 - Dormancy-associated MADS genes from the EVG lo-
cus of peach [Prunus persica (L.) Batsch] have distinct sea-
sonal and photoperiodic expression patterns. - J. Exp. Bot., 
60: 3521-3530.

MAZZITELLI L., HANCOCK R.D., HAUPT S., WALKER 
P.G., PONT S.D.A., MCNICOL J., CARDLE L., MORRIS 
J., VIOLA R., BRENNAN R., HEDLEY P.E., TAYLOR 
M.A., 2007 - Co-ordinated gene expression during phases of 
dormancy release in raspberry (Rubus idaeus L.) buds. - J. 
Exp. Bot., 58: 1035-1045.

NAKANO M., YUDA E., NAKAGAWA S., 1980 - Studies on 
rooting of the hardwood cuttings of grapevine, cv. ‘Dela-
ware’. - J. Japan. Soc. Hort. Sci., 48: 385-394.

NEILL S.J., DESIKAN R., CLARKE A., HURST R.D., HAN-
COCK J.T., 2002 - Hydrogen peroxide and nitric oxide as 
signalling molecules in plants. - J. Exp. Bot., 53: 1237-1247.

OR E., VILOZNY I., EYAL Y., OGRODOVITCH A., 2000 - The 
transduction of the signal for grape bud dormancy breaking 
induced by hydrogen cyanamide may involve the SNF-like 
protein kinase GDBRPK. - Plant Mol. Biol., 43: 483-494.

OR E., VILOZNY I., FENNELL A., EYAL Y., OGRODO-
VITCH A., 2002 - Dormancy in grape buds: Isolation and 
characterisation of catalase cDNA and analysis of its expres-
sion following chemical induction of bud dormancy release. 

- Plant Sci., 162: 121-130.
PANG X., HALALY T., CRANE O., KEILIN T., KEREN 

K.A., OGRODOVITCH A., GALBRAITH D., OR E., 2007 
- Involvement of calcium signalling in dormancy release of 
grape buds. - J. Exp. Bot., 58: 3249-3262.

PÉREZ F.J., LIRA W., 2005 - Possible role of catalase in post-
dormancy bud-break in grapevines. - J. Plant Phisiol., 162: 
301-308.

PÉREZ F.J., VERGARA R., RUBIO S., 2008 - H
2
O

2
 is involved 

in the dormancy-breaking effect of hydrogen cyanamide in 
grapevine buds. - Plant Growth Regul., 55: 149-155.

PETRI J.L., HERTER F., 2002 - Nashi pear (Pyrus pyrifolia) 
dormancy under mild temperate climate conditions. - Acta 
Horticulturae, 587: 353-361.

PETRI J.L., LEITE G.B., YASUNOBU Y., 2002 - Studies on the 
causes of floral bud abortion of Japanese pear (Pyrus pyri-
folia) in Southern Brazil. - Acta Horticulturae, 578: 375-380.

SAURE M.C., 1985 - Dormancy release in delicious fruit trees. 
- Hort. Rev., 7: 239-300.

SEELEY S.D., POWELL L.E., 1981 - Seasonal changes of free 
and hydrolyzable abscisic acid in vegetative apple buds. - J. 
Amer. Soc. Hort. Sci., 106: 405-409.

STERRETT J.P., HIPKINS P.H., 1980 - Response of apple 
buds to pressure injection of abscisic acid and cytokinin. - J. 
Amer. Soc. Hort. Sci., 105: 917-920.

SUGIURA T., HONJO H., 1997 - A dynamic model for predict-
ing the flowering date developed using 15 an endodormancy 
break model and a flower bud development model in Japa-
nese pear. - J. Agr. Meteorol., 52: 897-900.

SUGIURA T., KURODA H., SUGIURA H., 2007 - Influence of 
the current state of global warming on fruit tree growth in 
Japan. - Hort. Res. (Japan)., 6: 257-263.

SUNG S., AMASINO R.M., 2005 - Remembering winter: to-
wards a molecular understanding of vernalization. - Annu. 
Rev. Plant Biol., 56: 491-508.

TAKEMURA Y., KUROKI K., MATSUMOTO K., NAKATA 
N., TAMURA F., 2012 - Characteristics of endodormancy of 
F1 hybrids between japanese pear TH3 and taiwanese pear 
Yokoyama. - Hort. Res., 11: 181-187.

TAKEMURA Y., KUROKI K., MATSUMOTO K., TAMURA F., 
2013 - Cultivar and areal differences in the braking period  of 
bud endodormancy in pear plants. - Sci. Hortic., 154: 20-24.

TAKEMURA Y., SUDO S., IKEDA T., MATSUMOTO K., 
TAMURA F., 2011 - Chilling induced bud endodormancy 
in japanese pear “Gold Nijisseiki”. - Hort. Res., 10: 87-92.

TAMURA F., 2006 - II-4 Pear 1. Japanese Pear, pp. 50-57. - 
In: JSHS. The Japanese society for horticultural science 
(eds.) Horticulture in Japan. Shoukadoh Publication, Dept. 
of Publishing of Nakanishi Printing Co., Ltd., Kyoto, Japan, 
pp. 334.

TAMURA F., TANABE K., BANNO K., 1992 - Effect of chill-
ing treatment on intensity of bud dormancy, respiration and 
endogenous growth regulators in Japanese Pear ‘Nijisseiki’. 
- J. Japan. Soc. Hort. Sci., 60: 763-769.

TAMURA F., TANABE K., IKEDA T., 1993 - Relationship be-
tween intensity of bud dormancy and level of ABA in Japa-
nese pear ‘Nijisseiki’. - J. Japan. Soc. Hort. Sci., 62: 75-81.

TAMURA F., TANABE K., ITAI A., 1997 - A model for esti-
mating rest completion for ‘Nijisseiki’ pear. - Environment 
Control in Biol., 35: 185-189.



32

TAMURA F., TANABE K., ITAI A., MORIMOTO M., 2001 - 
Variation in the chilling requirement for breaking leaf bud 
endodormancy in wild pear species and pear cultivars. - J. 
Japan. Soc. Hort. Sci., 70: 596-598.

TOHBE M., MOCHIOKA R., HORIUCHI S., OGATA T., 
SHIOZAKI S., KUROOKA H., 1998 - The role of glutathi-
one on the onset of endodormancy of Grape buds. - J. Japan. 
Soc. Hort. Sci., 67: 912-916.

UBI B.E., SAKAMOTO D., BAN Y., SHIMADA T., ITO A., 
NAKAJIMA I., TAKEMURA Y., TAMURA F., SAITO T., 
MORIGUCHI T., 2010 - Molecular cloning of dormancy as-
sociated MADS-box gene homologs and their characteriza-
tion during seasonal endodormancy transitional phases of 
Japanese pear. - J. Am. Soc. Hortic. Sci., 135: 174-182.

UEMURA M., JOSEPH R.A., STEPONKUS P.L., 1995 - Cold 
acclimation of Arabidopsis thaliana: effect on plasma mem-
brane lipid composition and freeze-induced lesions. - Plant 
Physiol., 109: 15-30.

UEMURA M., STEPONKUS P.L., 1994 - A Contrast of the 
plasma membrane lipid composition of oat and rye leaves in 
relation to freezing tolerance. - Plant Physiol., 104: 479-496.

VAN DYK M.M., SOEKER M.K., LABUSCHAGNE I.F., 
REES D.J.G., 2010 - Identification of a major QTL for time 
of initial vegetative budbreak in apple (Malus x domestica 
Borkh.). - Tree Genet. Genom., 6: 489-502.

WANG S.Y., FAUST M., STEFFENS G.L., 1985 - Metabolic 
changes in cherry flower bud associated with breaking of 

dormancy in early and late blooming cultivars. - Physiol. 
Plant, 65: 89-94.

WANNER L.A., JUNTTILA O., 1999 - Cold-induced freezing 
tolerance in Arabidopsis. - Plant Physiol., 120: 391-400.

WESTWOOD M.N., 1978 - Temperate-zone pomology, pp. 
199-303. - W.H. Freeman and Co., San Francisco, CA, USA, 
pp. 428.

YAKOVLEV I.A., ASANTE D.K.A., FOSSDAL C.G., PAR-
TANEN J., JUNTTILA O., JOHNSEN O., 2008 - Dehydrins 
expression related to timing of bud burst in Norway spruce. 
- Planta., 228: 459-472.

YAMANE H., KASHIWA Y., KAKEHI E., YONEMORI K., 
MORI H., HAYASHI K., IWAMOTO K., TAO R., KATA-
OKA I., 2006 - Differential expression of dehydrin in flower 
buds of two Japanese apricot cultivars requiring different 
chilling requirements for bud break. - Tree Physiol., 26: 
1559-1563.

YAMANE H., KASHIWA Y., OOKA T., TAO R., YONEMORI 
K., 2008 - Suppression subtractive hybridization and differ-
ential screening reveals endodormancy-associated expres-
sion of an SVP/AGL24-type MADS-box gene in lateral veg-
etative buds of Japanese apricot. - J. Am. Soc. Hortic. Sci., 
133: 708-716.

YOOYONGWECH S., SUGAYA S., SEKOZAWA Y., GEMMA 
H., 2009 - Differential adaptation of high- and low-chill dor-
mant peaches in winter through aquaporin gene expression 
and soluble sugar content. - Plant Cell Rep., 28: 1709-1715.



33

1. Introduction

Endodormancy is defined as a phase of suspended 
growth in the meristematic part of a plant structure that is 
controlled from within the same plant structure (Lang et 
al., 1987). Endodormancy thus characterizes not a whole 
plant but individual plant structures (buds, cambial zones, 
seeds), and the endodormancy release enabling this meri-
stematic part to recover full growth ability needs to be un-
derstood at this individual structure level. This allows for 
heterogeneity between buds in the tree structure regarding 
endodormancy status, which is not taken into account in 
standard phenological models. However, studies on tem-
perate fruit tree species cultivated in tropical or subtropical 
conditions, i.e. experiencing limiting chilling conditions, 
have widely reported strong heterogeneity in bud break 
timing and spacing attributed to heterogeneity in endodor-

mancy release (Crossa-Raynaud, 1955; Guerriero and 
Scalabrelli, 1982; Dennis, 1987; Bernardi, 1988; Mauget 
and Rageau, 1988; Lam Yam, 1990; Zguigal, 1995). This 
heterogeneity in endodormancy release has been shown 
to result in major impairment of bud break/blooming pat-
terns, including bud-breaking rate with extended and het-
erogeneous bud breaking delay which in turn results in 
low leafing rates, the production of ‘rosettes’, and branch-
ing deficiency (Zguigal, 1995). In light of current global 
warming, such disturbances could potentially extend to 
new areas, starting in the south of the current temperate 
zone. This hypothesis is supported by recent observations: 
since 1988 (the start of continuous increase of yearly 
mean temperature in France) bloom date has advanced, 
compared to the 1976-1988 period, whereas endodor-
mancy release date has tended to retreat, most visibly in 
southern Europe (Chmielewski et al., 2004; Legave et al., 
2008) and Japan (Honjo, 2007; Primack et al., 2009). In 
order to model blooming/bud-breaking date in a context of 
global change, an accurate endodormancy release module 
is needed, requiring greater knowledge of chilling signal 
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sensing, transduction and response. As a step towards un-
derstanding and integrating bud break heterogeneity into 
relevant models, it is important to identify how locally the 
chilling air temperature signal is perceived and whether it 
is transduced between structures (buds).

Dormancy release has been investigated at more 
macroscopic scales, ranging from a twig up to a whole 
branch. Coville (1920) chilled or warmed a whole branch 
of blueberry plants, Timmis and Worrall (1974) chilled a 
whole branch of Douglas fir, Krassnosselskaya and Rich-
ter (1942) applied a warm bath on sections of poplar and 
ash branches, and Witkowska-Zuk (1970) applied a warm 
bath on a section of Populus x berolinensis branch. In re-
views covering older works, Nooden and Weber (1978) 
and Saure (1985) concluded that the influence of endodor-
mancy release factors appears confined to the buds of the 
treated parts; however treatments were not applied at bud 
scale and, consequently, did not permit identification of 
exactly which structure (buds, inter-node, or branch axis) 
hosted the actual perception zones sensing the endodor-
mancy releasing factors (mainly temperature signal). In 
his review, Perry (1971) concluded that ‘although there is 
much evidence for the concept of a control center of dor-
mancy processes in buds and leaves, the possibility that 
other plant parts may be involved is not excluded’.

This issue could be partially resolved by investigations 
at a smaller spatial scale. Witkowska-Zuk (1970) applied 
warm baths to terminal buds of long shoots of Populus x 
berolinensis. Other studies used endodormancy-releasing 
chemicals on single buds on the shoot: Denny and Stanton 
(1928) applied ethylene chlorohydrin on lilac; Wang and 
Faust (1987) applied thidiazuron on apple. When plants 
or branches were subsequently exposed to mild tempera-
tures, only the treated buds broke, prompting the conclu-
sion that buds were effective perception zones of these 
endodormancy breaking factors and that only the treated 
bud was able to receive the signaling process borne in it.

However, with warm bath treatments it is impossible 
to distinguish the effects of temperature, tissue moisten-
ing and their interaction, such as the oxygen limitation that 
Saure (1985) highlighted as an important factor. In addition, 
Perry (1971) pointed out that ‘all that the treatments used 
for breaking dormancy are severe. Often the temperature or 
chemical concentrations used border on being lethal. Many 
of the chemicals used are poisonous at relative low concen-
trations’. So the interpretation of such results remains ques-
tionable, even in the most convincing case of lilac bud treat-
ment by Denny and Stanton (1928). Surprisingly, to date 
no experimental study at bud level has used chilling tem-
perature, although it is undoubtedly the main natural factor 
driving bud endodormancy release at bud level.

The temperature signal was also investigated by au-
thors working on vernalization signal, but the treatment 
was not applied strictly to the bud; for example Metzger 
(1988) chilled the upper part of the twig. Furthermore, the 
process investigated is not exactly the same because, in 
the vernalization process, leaves are involved (Crosthwaite 
and Jenkins, 1993). 

Thus, contrary to a widely held opinion, a strictly local 
perception of the chilling air signal has never been dem-
onstrated.

The present experiment addresses this issue through lo-
cal application of different temperatures to either buds or 
neighboring non-bud areas in an attempt to answer the fol-
lowing questions: 1) which structures are able to perceive 
the chilling signal inducing dormancy release - bud only, 
non-bud area only, or both; 2) is the chilling signal applied 
to one bud able to break dormancy in other buds on the 
twig; 3) is the signal applied to non-bud area able to break 
dormancy in buds; 4) is non-bud chilling required in addi-
tion to bud chilling for dormancy release?

2. Materials and Methods

The experiment was conducted on ‘Redhaven’ peach 
trees (three years old in 2003) grown outside in 200-l con-
tainers filled with a peat-local soil mixture. Thermal condi-
tioning was applied locally to parts of one-year-old shoots 
at bud scale, with two contrasting levels: either (i) target 
buds were submitted to chilling temperature while the rest 
of the tree structure, including shoot tissues adjacent to 
these buds, remained at non-chilling temperature (T>15°C 
in a greenhouse, experiments 1 and 2); or (ii) a symmetri-
cal treatment, with target buds kept at non-chilling tem-
perature while the rest of the tree structure remained at 
chilling temperature in a cold chamber (experiment 3). As 
the focus of the study was on endodormancy release in re-
lation to outgrowth and branching pattern, the term ‘target 
buds’ refers to vegetative buds only; the one or two floral 
buds that could be on either side of the single vegetative 
bud on each node, sharing the same thermal conditions, 
were not taken into account.

Conditioning device
Local thermal conditioning was achieved by a thermo-

stated air-jet (Fig. 1). Low-pressurized air was circulated in 
plastic pipes from a thermostated water bath and delivered 
through nozzles (modified pipette tip cones) directly blow-
ing onto node buds. The neighboring shoot axis structures 
were kept isolated from the air jet by a plastic deflector set 
up at the base of each air-chilled or air-warmed bud group. 

Fig. 1 - �Schematic diagram and picture of the device developed for 
selectively chilling or heating buds (for the warming treatment, 
warm water replaced cooled water in the water bath).
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Bud temperature was monitored by thermocouples inserted 
between the basal scales of one floral bud (Fig. 2), and in-
ternode temperature corresponded to ambient temperature. 
Thermocouples inserted into the bark of the shoot axis 3-5 
mm away from the bud point connection made it possible 
to verify that adjacent axis tissues (AAT), very close to the 
buds but protected by the deflector (Fig. 1), were not sig-
nificantly affected by the cooled air jet. This device allowed 
efficient local, differential thermal control of buds and the 
non-bud area (Fig. 3). Thermocouple data were recorded 
on a Delta T logger (Delta-T-Device-SIIS, Cambridge, UK) 
every 10 min. Ambient temperature, corresponding to the 
inter-node temperature, was recorded (time lapse: 10 min) 
through a thermistor (Hobo Temp Pro 64K, Prosensor).

Selective chilling of buds on cold-deprived trees under 
endodormancy (experiments 1 and 2)

Trees were cold-deprived from the time of deepest 
endodormancy onwards by transferring them to a green-
house kept at a temperature that was high enough to prevent 
any chilling effect (heating threshold: 15°C) and moderate 
enough to prevent heat shocks (cooling threshold: 25°C).

Experiment 1. In 2003, six trees were transferred from 
outside into the greenhouse on October 14. Due to tech-
nical constraints, two 80-cm-long shoots were selected 
on one of the six trees for the cooling treatment. On each 
shoot (Sx), eight bud groups at Nx node position from the 
terminal (one vegetative bud with one or in most cases 
two floral buds) were chilled under the cooled air-jet from 
November 18 onwards. On December 23, a thermocouple 

was inserted under the bark of the shoot axis at mid-inter-
node between nodes N14 (not chilled) and N15 (chilled) 
of shoot S2. The data (not shown) revealed that during the 
cooling period, mid-internode temperature was very close 
to the ambient temperature as recorded with the thermis-
tor. This enabled us to map the temperature dynamics of 
each shoot section (buds, internodes) of the treated zone.

The buds of nodes N6 and N9 on shoot S1 fell at the be-
ginning of December due to mechanical injury while setting 
up the air device. They were replaced by two new groups, 
i.e. nodes N5 and N7 on S1. On December 30, the cooling 
systems on all buds were stopped. We noticed damage on 
the buds at node N5, which were consequently discarded 
from the analyses. Consequently, this treatment actually had 
two levels: a ‘short chilling’ treatment (buds of node N7 on 
S1) and a ‘long chilling’ treatment (the other buds).

Experiment 2. In order to investigate the impact of in-
sufficient chilling on dormancy release and bud breaking 
patterns, a second experiment, similar to experiment 1, was 
conducted with low and medium chilling doses. In 2004, 
six trees were transferred from outside into the greenhouse 
on October 10. Four one-year-old shoots on one of the six 
trees and six bud groups were selected on each shoot. Air 
jet cooling started on 11 February 2005 (Fig. 2). It was 
terminated on March 15 for shoots S1 and S4 (‘short chill-
ing’ treatment) and on April 6 for shoots S2 and S3 (‘long 
chilling’ treatment’). On March 15, when switching off the 
nozzles, we noticed damage on the buds at node N12 on 
S1; the corresponding data were discarded.

Calculating chilling and heating doses. The chilling 
doses received by different parts of the treated shoots were 
calculated from the thermocouple (cooled buds) or therm-
istor data (other parts of the shoot) by applying the clas-
sical Utah model (CU) from Richardson et al. (1974), the 
Positive Utah Chill Units (PCU) model (Linsley-Noakes 
et al., 1994) and the Dynamic model (Fishman et al., 1987 
a, b). The PCU model was chosen because it appears more 
relevant in warm country (with October 1 as start date and 
hourly temperature data) and the Dynamic model because 
it is, described as the most accurate model for walnut by 
Luedelling et al. (2009 a, b; 2011).

For each experiment, we calculated the heat unit doses 
between the end of the bud cooling phase and the mean 
date of bud break. We used the classical Growing Degree 
Hours (GDH) model, with 4.5°C as base temperature 
(Richardson et al., 1975).

Selective warming of buds on chilled trees under endodor-
mancy (experiment 3)

Our objective was to condition targeted buds at tem-
peratures unable to release endodormancy (>15°C) while 
the rest of the tree structure, including shoot tissues adja-
cent to these buds, remained at chilling temperatures. Two 
trees were cold-deprived by transferring them on 15 Sep-
tember 2008 to a greenhouse maintained at a temperature 
that was high enough to prevent any chilling effect on the 
trees (heating threshold: 15°C). On 17 October 2008, they 
were transferred into a cold chamber set around 8°C with 

Fig. 2 - �Schematic diagram of the experimental design for the treatment 
of bud groups and for collecting the temperature data for treated 
bud groups and the corresponding adjacent axis tissues.

Fig. 3 - �Temperature applied at stem and bud level in experiment 1 
(partial recording as example).
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a short photoperiod (8 h) for 52 days, which corresponded 
to the target accumulation of ca. 1000 CU calculated with 
the PCU or Utah models as chilling requirements were 
estimated as 870 CU by Richardson et al. (1974, 1975) 
and 1180 CU by Werner et al. (1988) for Redhaven peach 
trees. The corresponding value for the Dynamic model 
was initially set as 75 ‘portions’ for this variety (Erez et 
al., 1988) but later revised to 45 ‘portions’ (Erez, per-
sonal communication) and optimized by Bonhomme et al. 
(2010) at 48 ‘portions’. During this period, the same bud 
conditioning device was used to provide warm air (>15°C) 
to selected buds on six twigs of two trees. Finally, the trees 
were transferred on December 8 into a greenhouse where 
the temperature was kept above 15°C until bud break.

Biological observations
Dormancy assessment. To ascertain if vegetative buds 

were endodormant at the start of the chilling or warming 
treatments, we characterized dormancy status using the 
“single node cuttings” forcing test at 25°C (Rageau, 1978; 
Dennis, 2003) on buds from non-treated shoots. Mean 
time to bud break (MTB) was then calculated. At the end 
of both treatments, MTB was calculated to verify that 
endodormancy had not been released in experiments 1 and 
2 for non-chilled buds but had been released in experiment 
3 for non-warmed buds.

Bud phenology and shoot growth. Each of the buds of 
treated shoots was checked twice a week after the end of 
the cooling or warming treatment (i.e. non-chilling); the 
buds, like the other parts of the trees, were kept under 
the forcing temperatures (>15°C) of the greenhouse. We 
watched for bud break in vegetative buds, at “green tip” 
stage, #09 in BBCH scale (Meier, 2001).

After the cooling treatment, shoot length was measured 
several months after bud break, in late May and June in 
experiments 1 and 2, respectively, when growth had al-
most completely stopped, in order to check for alterations 
in shoot growth. The same control checks were done in 
June for experiment 3.

Statistical analysis
Bud breaking rates obtained for the different levels of 

chilling doses were compared with Fisher’s exact test.
The relationship between bud break delay (DB) and 

chilling doses received, and between the length of shoots 
(L) and chilling doses were analyzed by linear correlation.

The effect of year (experiment) on DB and L was tested 
using the non-parametric Kruskal-Wallis test.

All the analyses were performed using the R software 
package (R Development Core Team 2011; R Foundation, 
http://www.r-project.org/).

3. Results

Chilling doses received by the different parts of the shoots
Accumulated chilling doses (in CU, PCU and por-

tions) received by the different parts of the shoots were 
computed according to experiment and chilling treatment 
duration (Table 1).

Table 1 - �Chilling amounts (computed with PCU and CU and Dynanic 
models) received by different organs and tissues: all internodes 
and at cooled and non-cooled node buds according to experi-
ments 1 and 2 on shoots (Si) and nodes (Nj)

Buds at cooled nodes

Endodormancy release model

Shoot Node
Class of 
chilling 
amounts

Positive 
CU

(PCU)

Utah
(CU)

Dynamic
(portions)

Experiment 1
“Short chilling” treatment
S1 N5 medium 622 537 24
S1 N7 medium 620 540 20
“Long chilling” treatment
S1 N11 high 1060 970 37
S1 N12 high 1078 993 38
S1 N13 high 1060 970 37
S1 N14 high 1060 970 37
S1 N15 high 1060 970 37
S1 N17 high 991 906 37
S2 N6 high 1061 976 38
S2 N8 high 1060 970 37
S2 N9 high 1060 970 37
S2 N11 high 1083 998 37
S2 N13 high 1060 970 37
S2 N15 high 1060 970 37
S2 N16 high 1060 970 37
S2 N19 high 1079 993 37
Chilling amounts at all inter-
nodes and non-cooled-node buds

very low 97 0 3

Experiment 2
“Short chilling” treatment
S1 N8 low 469 334 30
S1 N10 low 500 370 30
S1 N15 medium 629 499 32
S1 N17 low 531 400 31
S1 N20 medium 652 523 32
S4 N9 low 451 313 30
S4 N12 low 440 300 30
S4 N17 low 378 231 28
S4 N21 low 528 386 30
S4 N24 low 440 300 30
S4 N29 low 399 249 29
“Long chilling” treatment
S2 N10 low 558 410 29
S2 N11 medium 750 610 29
S2 N13 medium 674 534 29
S2 N17 medium 711 571 29
S2 N20 medium 862 726 30
S2 N23 medium 750 610 29
S3 N9 medium 761 626 30
S3 N11 medium 773 639 30
S3 N16 medium 887 982 30
S3 N19 high 1025 756 31
S3 N24 medium 806 667 30
S3 N29 medium 810 730 30
Chilling amounts at all inter-
nodes and non-cooled node buds

very low 129 0 11

For non-thermocoupled buds, chilling amounts were estimated as 
means (rounded to the nearest 10 PCU or CU) of all experimental val-
ues from the same class of chilling on the same shoot in the same ex-
periment and indicated in italics
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Based on the recorded thermistor data, some chilling 
units were accumulated during experiments 1 and 2 (97 and 
129 units, respectively, which is very low compared to the 
chilling requirements as mentioned above) at the inter-node 
tissues as well as at buds and AAT at non-cooled nodes. 
About half of this chilling occurred before transfer to the 
greenhouse, the rest occurred before the cooling treatment.

At the cooled nodes, chilling doses were computed, 
either from actual data for the thermocoupled buds or 
non thermocoupled buds, as means of all experimental 
values of the same chilling class from the same experi-
ment (Table 1). Four classes of chilling dose were defined: 
‘very low’ (<150 PCU), ‘low’ (350-550 PCU), ‘medium’ 
(600-900 PCU) and ‘high’ (>950 PCU). Internodes and 
non-cooled buds received very low doses (Table 1), mainly 
before the transfer into the greenhouse.

In experiment 3, the accumulated chilling dose of non-
warmed buds reached 973 PCU (Table 2). As the tempera-
ture was around 8°C, almost the same value was obtained 
with the classical Utah model, thus meeting the chilling 
requirements of the Redhaven peach bud (≈900 CU). For 
warmed buds, the PCU dose was very low (32 PCU maxi-
mum, i.e. only 3% of chilling requirements, 1 portion i.e. 
around 2% of chilling requirements for Dynamic model) 
for the coldest bud, and zero for the warmest bud. The 
classical Utah model yielded zero CU for all warmed buds.

Endodormancy status
After trees were transferred to the greenhouse, the MTB 

values of non-chilled vegetative buds decreased over the 
first two to three  months and leveled down to ca. 22.5±0.5 
days in experiment 1,  and 21.5±0.5 days in experiment 2 
(data not shown). At periods marking the start of bud cool-
ing, MTB was 31.5±0.5 d in experiment 1 and 21.5±0.5 d 
in experiment 2, thus indicating that vegetative buds were 
actually endodormant [MTB threshold between endodor-
mancy and ecodormancy for vegetative ‘Redhaven’ peach 
tree buds is cited as 12 days by Bonhomme et al. (2000)].

In experiment 3, at the beginning of the treatment, the 
MTB value of the non-chilled vegetative buds was 32±10 
d (data not shown), thus indicating that the vegetative buds 
were actually endodormant and close to the maximum of 
endodormancy. When trees were transferred from the cold 
chamber to the greenhouse for bud break forcing, the MTB 
value was 12±1.5 d, indicating endodormancy release for 
these chilled buds. It was impossible to determine MTB 
of the warmed buds due to insufficient replications. Nev-
ertheless, bud break did not occur, which clearly indicated 
that endodormancy was not released.

Vegetative bud response
Vegetative bud behavior resulting from chilling dose in 

experiments 1 and 2. Table 3 presents the vegetative bud 
responses to the chilling doses received: break, abscission, 
or no detected event. Neither very low (<115 PCU) nor 
low (mean: 469 PCU) doses resulted in bud break. Conse-
quently the bud break rate obtained with medium chilling 
dose is significantly higher (p<0.0001) than very low and 

low rates. Almost no buds fell after very low doses, but 
20% of buds fell after low doses. Medium and high doses 
(mean: 745 and 1057 PCU, respectively) both resulted in 
about 10% bud fall and in 69 and 80% bud break, respec-
tively, values which were not statistically different.

On the shoots with medium and high doses, none of the 
non-cooled vegetative buds broke (Fig. 4a, 4b), either on 
the equipped tree or on the other five trees kept under the 
greenhouse.

Figure 5a shows that within each experiment, the in-
dividual delay to bud break (DB), i.e. the time between 
the end of cool air application and bud break, was not de-
pendent on the PCU received by the bud (for experiment 
1, R2 = 0.22, p = 0.12; for experiment 2, R2 = 0.10, p = 

Table 2 - �Chilling amounts (computed with PCU and CU and Dynamic 
models) received by different organs and tissues: all inter-
nodes and at non-cooled node buds according to experiment 
3; at warmed nodes, shoots (Si) and nodes (Nj)

Buds at cooled nodes

Endodormancy release model

Shoot Node
Class of 
chilling 
amounts

Positive 
CU

(PCU)

Utah
(CU)

Dynamic
(portions)

Experiment 3

“Warming” treatment

S1 N16 very low 0 0 0

S1 N17 very low 18 0 0

S1 N21 very low 0 0 0

S1 N24 very low 6 0 0

S2 N16 very low 30 0 1

S2 N21 very low 27 0 1

S2 N27 very low 24 0 1

S3 N16 very low 0 0 0

S3 N21 very low 0 0 0

S3 N24 very low 0 0 0

S3 N28 very low 0 0 0

S3 N29 very low 0 0 0

S4 N16 very low 0 0 0

S4 N18 very low 0 0 0

S4 N20 very low 0 0 0

S5 N13 very low 0 0 0

S5 N20 very low 0 0 0

S5 N24 very low 0 0 0

S6 N14 very low 3 0 0

S6 N18 very low 14 0 0

S6 N23 very low 32 0 1

S6 N24 very low 14 0 0

S6 N28 very low 6 0 0

Chilling amounts at all internodes 
and non-warmed node buds

high 973 941 41

For non-thermocoupled buds, chilling amounts were estimated as 
means (rounded to the nearest 10 PCU or CU) of all experimental val-
ues from the same class of chilling on the same shoot in the same ex-
periment and indicated in italics.



38

0.41; and if both experiments 1 and 2 were analyzed as 
one single dataset, R2 = 0.08, p = 0.21). There was a clear 
experiment effect on the mean DB (p < 0.001): 35.5 d in 
experiment 1 and 28.0 d in experiment 2. This difference 
could be mainly explained based on mean temperature 
under the greenhouse after the end of bud cooling, which 
was higher in experiment 2 (19.1°C) than experiment 1 
(16.2°C). In addition, Figure 5b shows that the length of a 
growth unit sprouted from a broken bud was not dependent 
on the cumulated PCU that had been received by that bud 
(for experiment 1, R2 = 0.05, p = 0.51; for experiment 2, 
R2 = 0.08, p = 0.47; and if both experiments 1 and 2 were 
analyzed as one single dataset, R2 = 0.008, p = 0.79). The 

Fig. 4 - �Bud break in the localized-chilled experiment (a and b) and 
localized-warmed experiment (c).

Fig. 5 - �Responses of vegetative buds according to chilling dose. a: in-
dividual delay to bud break (DB); b: individual final length (L) 
of shoots in experiments 1 (☐) and 2 (▲).

Table 3 -	 Vegetative bud responses to the received chilling doses

Buds at cooled nodes

Endodormancy release model

Shoot Node
Class of 
chilling 
amounts

Positive 
CU

(PCU)

Utah
(CU)

Dynamic
(portions)

Experiment 3

“Warming” treatment

S1 N16 very low 0 0 0

S1 N17 very low 18 0 0

S1 N21 very low 0 0 0

S1 N24 very low 6 0 0

S2 N16 very low 30 0 1

S2 N21 very low 27 0 1

S2 N27 very low 24 0 1

S3 N16 very low 0 0 0

S3 N21 very low 0 0 0

S3 N24 very low 0 0 0

S3 N28 very low 0 0 0

S3 N29 very low 0 0 0

S4 N16 very low 0 0 0

S4 N18 very low 0 0 0

S4 N20 very low 0 0 0

S5 N13 very low 0 0 0

S5 N20 very low 0 0 0

S5 N24 very low 0 0 0

S6 N14 very low 3 0 0

S6 N18 very low 14 0 0

S6 N23 very low 32 0 1

S6 N24 very low 14 0 0

S6 N28 very low 6 0 0

Chilling amounts at all internodes 
and non-warmed node buds

high 973 941 41

For very low chilling level of the non-treated shoots in experiments 1 
and 2, the number (Nb) of non-broken buds was not exactly determined 
(>1000) but corresponded to all the buds (100%) of the six trees placed 
under the greenhouse.
Significantly different rates, as assessed by Fisher’s exact test, are indi-
cated by different letters.
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experiment effect on sprouted shoot length was not signifi-
cant (p = 0.06).

It can be concluded that selective chilling of a nodal 
group of buds was effective in releasing the endodormancy 
of its vegetative bud. No endodormancy release of buds of 
any other node was observed, which shows that the signal 
is not transmitted.

Vegetative bud behavior resulting from the warming 
treatment in experiment 3. With a few exceptions at the 
stem bases, almost all buds chilled in the cold chamber 
broke, corresponding to the classical bud break pattern 
observed in temperate climates (82% of bud break on the 
control twigs). On the treated tree, not a single warmed 
vegetative bud broke, indicating that the chilling signal re-
ceived at the stem was not transmitted to non-chilled buds 
(Fig. 4c).

For non-warmed trees, bud break was observed on 9 
January 2009 for terminal buds and 16 January 2009 for 
axillary buds, corresponding to 8419 and 10479 GDH 
(with the 4.5°C base) after chilling, respectively, i.e. 
around 10% higher than was calculated for axillary buds 
in experiments 1 and 2.

Mean temperature in the greenhouse over the 39-day 
period between the end of chilling and axillary bud break 
was 15.8°C.

4. Discussion and Conclusions

Vegetative bud behavior resulting from chilling dose in ex-
periments 1 and 2

Contrasting with medium and high chilling doses, the 
low chilling dose treatment allowed some events to take 
place in the buds during further forcing, that ultimately 
led to abscission of a significant percentage of these buds.

The selective chilling of a nodal group of buds was ef-
fective in releasing endodormancy of its vegetative bud, 
and did not result in endodormancy release of buds of any 
other node.

Nevertheless, some other aspects of the results were 
unexpected. Medium chilling doses (620-887 PCU) were 
almost as effective as high doses (991-1083 PCU): the per-
centage of broken buds was only slightly lower (Table 3) 
and the shoots borne from the broken buds showed nor-
mal growth. The chilling requirement for Redhaven peach 
trees is cited at 870 CU (Utah model) by Richardson et al. 
(1975), 1180 CU by Werner et al. (1988) and 45 portions 
in the dynamic model (Erez, personal communication), 
optimized to 48 portions (Bonhomme et al., 2010) from 
one-node cutting test results. This points out the three crit-
ical elements in the models: (1) the determination of the 
starting date for chilling accumulation, (2) taking into ac-
count (or not) the negative temperatures and (3) the reality 
and intensity of the reverse effect of mild temperatures and 
the duration during which the reversion is possible (a short 
period in Dynamic model, without limits in Utah model, 
24 h in PCU).

The computed heat requirement for bud break (around 
9000 GDH) was much higher than the value given by Rich-
ardson et al. (1975) for ‘Redhaven’, i.e. 4922 GDH (for the 
same 4.5°C baseline) for floral buds (full bloom) with 870 
CU of prior chilling, and closer to that found by Scalabrelli 
and Couvillon (1986), i.e. 8000 GDH (same base) for veg-
etative bud break with 900 CU of prior chilling. The heat 
requirements would, surprisingly, have been quite similar 
for buds under medium chilling doses (8900 GDH) and 
buds under high chilling doses (9200 GDH). This suggests 
that chilling requirements may have been overestimated 
and/or that these buds were in deeper endodormancy in 
experiment 1 than in experiment 2 when chilling started.

Although some shoots had not totally stopped growing 
when the shoot lengths were recorded, Figure 5b shows 
that the length of a growth unit borne from a broken bud 
was not dependent on the cumulated chilling dose received 
by this bud.

Vegetative bud behavior resulting from warming treatment 
in experiment 3

Excluding some buds at the base of the twigs, almost 
all the buds chilled in the cold chamber broke, thus repro-
ducing the classical bud break pattern observed in temper-
ate climates. Not a single warmed vegetative bud broke, 
indicating that the chilling signal received at the stem was 
not transmitted to the non-chilled buds.

Normal bud break occurred at a chilling mean tem-
perature of around 9.3°C, showing once again that the 
Weinberger model is not accurate, even under temperate 
climates. In this range of chilling temperatures, the Utah 
and PCU models gave the same cumulated chilling (990 
CU), close to the chilling requirement cited by Richardson 
et al. (1974).

The heat requirement for bud break estimated in this 
experiment was a little higher than that found by Scal-
abrelli and Couvillon (1986), i.e. 8000 GDH (same base) 
for vegetative bud break with 900 CU of prior chilling, 
and also than the amounts deduced from experiments 1 
and 2. The small difference (2-3 days) could probably be 
attributed to the uncertainty in determining bud break date 
or starting date (i.e. endodormancy release date).

All these results indicate that the temperature for 
endodormancy release has to be applied at the level of the 
structure, where the cause of growth blockage is located, 
i.e. the bud itself, according to the definition of endodor-
mancy given by Lang et al. (1987).

Accuracy of the chilling and heat requirements
These requirements are very approximate determina-

tions that are not fully suitable for modeling the impacts 
of global changes. Figures on chilling requirements for 
endodormancy release are often confounded by the chill-
ing received during the period between growth arrests or 
leaf fall and bud break. Heat requirements given in the lit-
erature are also approximations, as the thermal threshold 
permitting growth is generally unknown. Moreover, heat 
and chilling action could combine at mild temperature 
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(around 10°C), and determination of the start date for heat 
action remains problematic.

Further, the delay to bud break (or bloom) and the heat 
requirements calculated may also be dependent on fac-
tors other than the sole bud response to temperature, such 
as bud water and nutrient uptake rate and, consequently, 
the temperature of the roots  as revealed in Young et al. 
(1987).

Thus, the questions about chilling and heat require-
ments will probably have to be revisited before chilling 
and heat requirement figures can be used to model climate 
change impacts.

Temperature signal transfer
From the literature, the most clear response is that the 

chilling (temperature) signal is not transferred from one 
terminal bud of a branch to the terminal bud of another 
branch.

Regarding vernalization process studies, it is clear 
that a signal is transferred from the leaves of sugar beet 
to the terminal meristem (Crosthwaite and Jenkins, 1993) 
but this signal could be a thermic signal or a secondary 
biochemical signal. This signal could also be originated 
in roots (Metzger et al., 1992). Some grafting approaches 
(Metzger, 1988) seem to show that the vernalized condi-
tion is not transferred to other buds but it is not exactly 
the same process (transfer of a status and not simultane-
ous transfer of the signal received by one bud to another 
bud). Moreover, vernalization seems to be correlated with 
the presence of dividing cells and the dormancy release 
process occurs on buds with their cell cycle blocked in G1 
phase (Cottignies, 1987).

Therefore, even if vernalization and dormancy release 
seem to be very similar (Metzger, 1996), the literature 
does not make it possible to conclude about the absence 
of transfer for the chilling signal from the close part of 
the twig to the bud or from one bud to another bud lo-
cated on the next internode or the complementarity of 
both tissues.

Synthesis: interpretation in terms of chilling signal transfer
Candidates for the chilling receptive zone are the dif-

ferent nodal bud groups and the axis; candidates for the 
meristematic targets are the vegetative buds of different 
nodal groups (only two groups represented). With regard 
to possible paths, we considered 1) ‘univocal’ paths, i.e. 
endodormancy release response can only result from the 
signal coming from one sensing zone; 2) ‘parallel’ paths, 
i.e. each of the signals borne in either a bud group or an 
axis results in effective endodormancy release in a given 
bud; 3) ‘cooperative’ paths, i.e. effective endodormancy 
release in a given bud needs signals from both bud and 
axis; 4) ‘short’ paths, i.e. the signal reaching a bud comes 
from its bud group, and 5) ‘long’ paths, i.e. the signal 
reaching a bud comes from another group.

This can be translated into different hypotheses:
Hypothesis 1: a local application of chilling or warming 

induces a local response for dormancy release. As chilled 

buds broke and warmed buds did not, the present results 
are consistent with this hypothesis.

Hypothesis 1’: the chilling (or warming) signal can be 
transmitted to another bud. As on a twig in warm condi-
tions only chilled buds broke, this hypothesis has to be 
rejected.

Hypothesis 2: a chilling signal applied to a stem could 
reach the bud and permit bud break. As warmed buds on 
stems placed in a cold environment did not break, this 
hypothesis has to be rejected.

Hypothesis 3: chilling applied to buds does permit bud 
break even if parallel warming on the stem is applied. 
As chilled buds broke on a twig in warm conditions, the 
present results are consistent with this hypothesis. The 
reciprocal hypothesis - chilling applied to a twig does 
permit bud break even if parallel warming on the bud is 
applied - is rejected consequent to the rejection of hy-
pothesis 2.

Hypothesis 3’: the chilling signal applied to a bud 
could be transmitted to other buds, permitting bud break, 
even if a parallel warm signal is applied to the stem. As 
only chilled buds broke on a twig in warm conditions, 
this hypothesis has to be rejected.

Hypothesis 4: chilling applied to buds needs addition-
al chilling on the stem to permit bud break. As chilled 
buds broke on a twig in warm conditions, this hypothesis 
has to be rejected.

Hypothesis 4’: chilling applied to buds could be trans-
mitted to other buds if additional chilling is applied to the  
stem. Since in a cold environment (i.e. not-warmed buds 
and twig are chilled), warmed buds did not break, this 
hypothesis has to be rejected.

Figure 6 summarizes the different hypotheses tested 
and the possible “chilling receptive zone  vegetative 
meristematic target” pathways for endodormancy release 
signal.

In conclusion, our results validated hypotheses 1 and 
3; the other cases are to be rejected. Thus, chilling clear-
ly has to be applied to the given bud to be effective for 
its subsequent endodormancy release. Chilling the stem 
without chilling the bud is not effective for endodorman-
cy release. Chilling on the bud does not need additional 
chilling on the stem.

Consequently, the physiological processes involved in 
chilling-temperature response for endodormancy release 
have to be investigated at bud level. This is not necessar-
ily (and probably not actually) the case for primordial 
growth in buds during the ecodormancy phase, as water 
and nutrient uptake fluxes from roots are needed.
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Fig. 6 - �Schema of the different hypotheses tested for “chilling perception”  “meristematic response” spatial paths in the endodormancy release 

response to chilling; possible and rejected cases for the vegetative buds of peach trees, based on our experimental findings.
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1. Introduction

Although olives are grown in other world regions, 
such as California, Australia and Argentina, the most 
important production areas are found in the Mediterra-
nean basin where olive finds its best growing conditions, 
in particular in Spain, Portugal, Italy, Greece, Albania, 
North Africa and the Middle East. Olive tree has had tra-
ditional importance in the Mediterranean region since 
ancient times (Loumou and Giourga, 2003) and its culti-
vation retains importance in this area for its social, envi-
ronmental and economic value. Currently a large part of 
the total world olive plantations are found in the Medi-
terranean basin. The olive tree defines the Mediterranean 
region within the Holarctic Kingdom (Ubaldi, 2003) and 
it is considered one of the most typical species of this 
area, where it represents a very important element in de-
fining the “identity” of the rural landscape.

The ecological function of rural landscapes and the 
promotion of multifunctional agriculture is an important 
topic in agricultural and agri-environmental policy with-
in the European Union (Gerowitt et al., 2003). Vegetation 
related to olive orchards plays an important ecological 
function that can be efficiently used to improve the mul-
tifunctional role of olive growing in the Mediterranean 

region (Margaris, 1980). For instance, Saavedra (1998) 
reports over 500 species in the olive area of Córdoba 
province. In a selection of plantations in western Anda-
lucía, 75 plant species were recorded prior to the spring 
cultivation (Rodenas et al., 1977). In Greece, tradition-
ally managed olive groves have been identified as impor-
tant habitats that often support a rich ground flora, which 
may include species with habitats threatened by land-use 
changes (Allen et al., 2006).

Surveys in several olive orchards of south-western Al-
bania report more than 80 species belonging to 14 botani-
cal families (Huqi et al., 2009). In Italy, Viggiani (2009) 
reports more than 50 species as typical of olive groves, 
most of them having also ethno-botanical importance. 
The number could be even higher considering the species 
that can be found along field margins, i.e. roads, stone 
walls and other traditional human infrastructures typical 
of olive orchard landscapes.

The presence of a significant number of plant species 
in olive groves offers favourable conditions for a multi-
tude of animals such as arthropod fauna, reptiles, mam-
mals and birds (Beaufoy, 2000; Loumou and Giourga, 
2003). This is due not only to primary production in the 
food chain, but also to the provision of cover and repro-
duction sites (Marshall et al., 2003). Potts et al. (2006) 
assessed the biodiversity value of six common habitats 
on the Greek island of Lesvosmic. They found that man-
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aged olive groves had the highest diversity of bees, com-
parable with natural habitats such as oak woodlands and 
pine forests.

Natural flora in olive orchards and the related fauna 
are also important sources of food for many species of 
birds, with consequent internationally important effects 
related to the migration of these animals (Guzman Alva-
rez, 1999). For example, in southern Italy about 6% of ol-
ive groves are included in “Natura 2000 habitats” (Birds 
Directive 92/43/EEC). From an agronomic point of view, 
natural flora is often able to enhance pest control because 
it can be an alternative host or direct food source for ben-
eficial organisms (Marshall et al., 2003; Norris, 2005).

In addition, ground cover can positively affect the 
diversity of soil biota, improving the soil ecosystem 
function. This effect was shown in a trial conducted in 
a rain-fed olive orchard, located in south-eastern Spain 
by Moreno at al. (2009) in which covered soils exhibited 
greater bacterial biomass and diversity, as well as higher 
microbial functional diversity than non-covered soils.

Conservative flora management can also increase CO
2
 

fixation and enhance the capacity of olive orchards to 
accumulate significant amounts of biomass and humus 
(Sofo et al., 2004; Palese et al., 2005).

Vegetation cover also has an important function in 
significantly reducing soil erosion (Hernandez et al., 
2005), one of the most serious and widespread envir-
onmental problems in many areas of the Mediterranean 
region (Pastor Muñoz-Cobo and Castro, 1995) where 
olive groves are often located in marginal soils and on 
steep slopes (Gomez et al., 2003; Francia Martínez et al., 
2006).

However, olive tree vegetation and yield can be sig-
nificantly damaged if weed flora is not correctly man-
aged, especially under rain-fed conditions. In addition to 
competing with olive for water, nutrients and - at early 
crop stages - even for light, weeds may also hamper olive 
picking. Moreover, during summer, dead weed residues 
can catch fire and seriously damage olive plants in cases 
where the residues are abundant.

Traditional soil management is based on tillage, keep-
ing the soil bare of vegetation all year round. This prac-
tice, in addition to undoing the potential benefits of nat-
ural flora, is also labour-intensive and expensive, hence it 
must be considered not sustainable. Several experiments 
show that it is possible to obtain the same or better pro-
ductive results by adopting practices, such as chemical 
weeding or mowing, reducing or eliminating soil tillage 
and maintaining weed flora density at a level that is not 
dangerous for olive plants. Some significant results are 
reported by Huqi et al. (2009) in Albania, Montemurro 
and Mastropirro (1995), Montemurro et al. (2002) and 
Toscano et al. (2004) in southern Italy, Hernandez et 
al. (2005) in central Spain, Pastor Muñoz-Cobo (1990; 
1991) in Spain, and Kabourakis (1999) in Greece.

These alternative strategies could represent a remark-
able sustainable approach for the maintenance of the en-
vironment both in intensive systems, mitigating the envi-

ronmental impact of olive growing, and in low-intensity 
farming systems located in marginal areas. In these lat-
ter areas, reduced tillage could reduce management costs 
and contribute to preventing abandonment of these groves 
and preserve natural and cultural resources (Duarte et al., 
2008). The effects could be beneficial on a large portion of 
the European territory; olive groves occupy approximately 
5.4 million hectares, or about 4% of the utilisable agricul-
tural area (Source: European Community).

Each soil management system provides different con-
ditions of the growth for weeds. Tillage destroys the an-
nual flora, but can also create favourable conditions for 
new germinations and, moreover, it benefits perennial 
weeds by fragmenting and scattering vegetative repro-
ductive organs such as rhizomes, tubers, bulbs and sto-
lons. Foliar herbicides, such as glyphosate, are able to 
control both annual and perennial plants, but they could 
exert a selection pressure on tolerant or resistant species. 
Residual herbicides, such as oxyfluorfen, keep the soil 
weed-free for a longer period of time. Generally, chemi-
cal weed control can cause a simplification of the flora 
spectrum with fewer species that are often more prob-
lematic to manage. Mowing can encourage those species 
that are able to re-sprout after cutting. Cover crop (living 
mulches) may contribute significantly to weed suppres-
sion providing early soil coverage and reducing the num-
ber of established weed seedlings.

Research proposal
Weed flora, also as a consequence of different man-

agement practices, can have both positive and negative 
effects on olive orchards as well as on the agro-ecosys-
tem. Several studies have focused specifically on the eco-
logical importance of natural flora in olive groves; other 
experiments have been performed in order to suggest the 
best control practices and to reduce the negative effects 
of weeds. It is reasonable to suppose that ground flora in 
olive groves, such as in any orchard, should ideally com-
bine adequate positive effects on the agro-environment 
with only marginal negative competitive effects on the 
olive plants.

The objective of the current work is to report data on 
flora communities established as a consequence of dif-
ferent management techniques and to suggest an aggre-
gate index able to give a comprehensive evaluation of 
flora, both from the ecological and agronomic point of 
view. The effects on olive production and oil yield are 
also considered. 

2. Materials and Methods

The experimentation was carried out between No-
vember 2005 and December 2010 in an irrigated olive 
orchard located in the area of Savelletri (Puglia -southern 
Italy) made up of 11-year-old cv. Leccino plants, vase 
shape trained and spaced 7 x 7 m. The soil that hosted 
the orchard was loamy-textured (16.9% clay - 35.8% 



46

silt - 47.3% sand), with a moderate presence of shallow 
pebbles (7.5 to 25 cm in size).

The trial involved the comparison of the following 
four different weed control strategies: i) Seeding, every 
other year, of a cover crop (Vicia sativa L.) chopped in 
springtime. The subsequent infestation was controlled 
by chopping (VE); ii) Weed control using a mixture of a 
glyphosate-based systemic herbicide and a residual her-
bicide containing oxyfluorfen, at a rate of 1.08 and 0.12 
l ha-1 respectively (GLY + OX); iii) Weed control using 
glyphosate only at a rate of 1.08 l ha-1 (GLY); iv) Chop-
ping (TRI).

Herbicides were diluted in a water volume of 400 l 
ha-1 and applied with a hand-pump spray bottle, equipped 
with flat fan nozzles. Weeds were chopped using a shred-
der. The vetch was sown broadcast at the rate of 80.0 kg 
ha-1, burying the seed by a shallow harrowing.

The different management strategies of ground flora 
were applied following the general principle of applica-
tions so as to keep the orchard fully free of natural flora 
in the peak vegetative growth period, i.e. in spring-sum-
mer, when the flora reached a mean height of about 10-15 
cm. The dates of weeding operations for each treatment 
are detailed in Table 1.

The other agronomic and plant protection practices 
were applied using the techniques commonly used in the 
research area. 

The experimental plots, covering an area of 441.00 
m2 (21 x 21 m), were arranged in the field  following a 
randomised block design, with four replicates;  for flora 
surveys a central test area of 196.0 m2 was used including 
the four plants on which vegetation production surveys 
were conducted.

Flora surveys and data processing
Plot flora surveys were run in April and October of 

each year and in the two peak growth periods of weeds. 
In these surveys, made prior to the execution of scheduled 
weed control operations, species were divided into the 
following two groups: a) species distributed uniformly 
in the test area; b) species represented either by solitary 
plants or distributed in restricted patches. Afterwards, for 
each species of the first group, a percent ground cover 
value related to the reference test area was estimated. 
These data have been used to calculate the Specific Con-
tribution (CS), dividing the ground cover of each single 
species by the total cover (sum of the covers attributed 

to each single species) and multiplying it by 100. More-
over, the presence of each botanical family was obtained 
by summing the percent ground covers of each species 
belonging to it. Nomenclature refers to Pignatti (1982).

To provide an estimate of the ground cover features of 
each treatment, an index defined as Ground Cover Qual-
ity Index (GCQI) was proposed. This index is calculat-
ed by the following formula: GCQI = [ ∑

i
(CSi x V

i
) ]/6, 

where V
i
 is a total score assigned to each species having 

a uniform distribution in the test area, calculated by sum-
ming the values assigned to the following parameters:

- �ability to cover the soil and protect it from erosion 
processes (0 = negligible; 1 = average; 2 = good);

- �general ability to improve/preserve the chemical and 
physical soil properties through biomass production, 
nitrogen fixation or development of bunched roots 
(e.g. grass plants) that increase its porosity (0 = neg-
ligible; 1 = good); 

- �competitive ability against the orchard (0 = very 
competitive; 1 = normal; 2 = negligible);

- �flammability in summer periods (0 = plant that 
leaves much dry biomass easily flammable; 1 = thin 
plant that produces little biomass potentially flam-
mable or whose biomass is easily degraded prior to 
the warm season or that remains green in summer 
periods).

It follows that the value of <V
i
> could range between 

0 and 6 and that, by the indicated formula, the Spe-
cific Contribution (CS) of each species, based on their 
morphologic and eco-physiological features, can take a 
weight varying between 0 and 6 times its value.

The specified parameters are proposed as a general 
indication, based on the specific needs of the test area. 
This does not exclude the possibility of using other ones 
based on other needs related to different conditions (e.g. 
aesthetic contribution, ability to be intermediate hosts of 
predators or of hyper pests, etc.). 

This work presents only the flora data and the relevant 
analyses for 2006, 2008 and 2010, i.e. only in the pres-
ence of vetch (VE treatment) and in heavy years, consid-
ering olive alternate bearing.

Surveys on olive plants
For each of the four plants included in the test area, 

plants were tested for mean shoot growth recorded be-
tween April and October of each year, by selecting four 
shoots per plant arranged along the four cardinal direc-

Table 1 -	 Calendar of applied practices in different ground cover management strategies

Strategies Practices
2005 2006 2007 2008 2009 2010
Nov April Oct April July Oct April Oct April Oct Nov April Oct

1) VE
Sowing of Vicia sativa x x x

Chopping x x x x x x x x

2) GLY + OX Chemical weeding x x x x x x x x x x

3) GYI Chemical weeding x x x x x x x x

4) TRI Chopping x x x x x x x x x x x x
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tions. The data concerning each plot was thus obtained 
as an average of 16 values (four shoots per plant x four 
plants). At the beginning and end of the trial, the trunk 
diameter of each plant included in the plot area was also 
measured, and the mean growth occurred in that period 
was obtained by difference.

Olive harvesting was carried out in alternate years, i.e. 
in December 2006, 2008 and 2010. The fruits produced 
by the four plants of the test area were weighed. The oil 
yield was measured on a randomly chosen 2 kg sample 
from all olives harvested in each plot. The applied pro-
cedure complied with the guidelines of Annex XV of the 
EC Reg. No 2568/1991.

All data were submitted to variance analysis and the 
means were compared using Duncan’s test.

Climate pattern
Figures 1 and 2 show the climate pattern observed 

during the experiment. Each year, in accordance with 
the climate pattern of the test area, the hottest months 
were June, July and August, whereas the coldest ones 
were December, January and February. The highest posi-
tive deviations (from +2.0 to +3.6°C) were recorded for 
the mean temperatures of January, June, July and August 
of 2007, January 2008 and November 2010; the high-
est negative difference was observed in February 2009 
(-2.0°C compared to the plurennial mean). As to rainfall,  
the rainiest years were 2009 and 2010 with values ex-
ceeding the plurennial mean of the area (577.2 mm) by 
243.5 mm and 162.1 mm, respectively. In those years, the 
months that deviated most from the average were Janu-
ary (+110.7 mm), March (+57.5 mm) and October (+64.6 
mm) in 2009, and May (+72.9 mm) and October (+147.3 
mm) in 2010.

3. Results

Table 2 lists the species found during the experiment. 
A total of 60 were identified; only 34 had a uniform distri-

bution in the plots. The results obtained with regard to the 
uniformly distributed species are addressed in this section.

Spring flora surveys
In 2006 (Table 3), the statistically lowest total ground 

cover values were observed in treatments GLY and 
GLY+OX with 35.6 and 33.9%, respectively,  followed 
by vetch-sown plots with 91.5%. The highest mean num-
ber of species, equal to 23.0, was recorded in vetch-sown 
areas, whereas the highest number of families (10.0) was 
observed in the plots subjected to chopping. Table 4 re-
veals that in the TRI treatment the statistically highest 
mean ground cover values were found for Gramineae, 
Compositae and Leguminsae, equal to 113.9-12.8 and 
12.5% respectively, whereas the lowest values were re-
corded in treatment  GLY (10.2% Graminae and 0.4% 
Leguminosae), GLY+OX (13.3% Graminae, 5.7% Com-
positae and 0.1% Leguminosae) and VE (6.1% Composi-
tae). As to single species (Table 5), the highest specific 
contributions were calculated in chemically weeded plots 
for Malva sylvestris L. with 16.7% in treatment GLY+OX 
and 12.8% in GLY; these values were significantly higher 
than those observed in the plots of treatments VE and 
TRI. For Avena sterilis L., Bromus sterilis L. and Lolium 
rigidum Gaudin, in chopped or vetch-sown plots higher 
specific contributions were observed than in chemically 
weeded plots. On the contrary, the specific contribution 
of Hordeum murinum L. and Setaria verticillata  (L.) 
Beauv. was significantly higher in the GLY+OX treat-
ment. With regard to the Ground Cover Quality Index in 
treatments TRI and VE, the observed values (52.4 and 
55.1 respectively) were shown to be statistically higher 
than those calculated for chemically weeded treatments 
(Table 3).

In 2008, the highest values of total infestation and 
mean number of species (Table 3) were found in chopped 
(83.7% - 18.0) and vetch-sown plots (85.3% - 18.0), 
whereas the number of families was lower in treatment 
VE. The family Gramineae had a ground cover equal to 
63.8% in treatment TRI, which is statistically higher than 

Fig. 1 - �Mean monthly temperatures recorded during the trial and 
pluriannual means (1951-2001).

Fig. 2 - �Monthly rainfall recorded during the trial and pluriannual 
means (1951-2001).
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Table 2 -	 Species found in experimental plots (z)

Treatments VE GLY+OX GLY TRI
2006 2008 2010 2006 2008 2010 2006 2008 2010 2006 2008 2010

Adonis aestivalis L. +
Anagallis arvensis L. X X X X X X
Anthemis arvensis L. X X X X X
Arum italicum Miller. + + +
Asparagus acutifolius L. + + + + + + + + + + + +
Asphodelus fistulosus L. +
Aster squamatum (Sprengel) Hieron. + + + + + + + + + +
Avena sterilis L. X X X X X X X X X X X X
Bellardia trixago (L.) Ali. X X X X X X X X
Briza maxima L. +
Bromus sterilis L. X X X X X X X X X X X X
Calendula arvensis L. X X X X X X X X
Capsella bursa-pastoris (L.) Medicus X X X X X
Catapodium rigidum (L.) Hubbard + + + +
Cerinthe major L. +
Chrysanthemum segetum L. X X X X X X X X X X X X
Convolvulus arvensis L. X X X X X X
Conyza canadensis (L.) Cronq. X X X X X X X X X X X
Cynodon dactylon (L.) Pers. X X X X X X X X X X
Digitaria sanguinalis (L.) Scop. + + + +
Diplotaxis erucoides (L.) DC. X X X X X X X X X X X X
Diplotaxis muralis (L.) DC. X X X
Dittrichia viscosa Greuter. + +
Erodium malacoides (L.) L’Hér. X X X X X X X X X X X X
Euphorbia chamaesyce L. + + + + + + +
Galactites tomentosa Moench. + + + +
Geranium molle L. + + + + +
Heliotropium erupaeum L. X X X X X X X X
Hippocrepis unisiliquosa L. +
Hordeum murinum L. X X X X X X X X X X X X
Lactuca serriola L. +
Lamium purpureum L. X
Lolium rigidum Gaudin X X X X X X X X X X X X
Lotus ornithopodioides L. + +
Malva sylvestris L. X X X X X X X X X X X X
Medicago hispida Gaertner X X X X X X X X X X X X
Melilotus indica (L.) All. +
Mercurialis annua L. + +
Muscari neglectum Guss. + + + +
Ononis natrix L. + + + +
Oxalis pes-caprae L. X X X X X X X X X X X
Papaver rhoeas L. X X X X X X X X X X
Phalaris paradoxa L. X X X X X X X X
Portulaca oleracea L. X X X X
Raphanus raphanistrum Strobl. + + + + +
Scorpiurus muricatus L. X X X X
Serapias sp. + +
Setaria verticillata (L.) Beauv. X X X X X X
Sherardia arvensis L. + + +
Solanum nigrum L. X X X X
Sonchus oleraceus L. X X X X X X X X X X X X
Sonchus tenerrimus L. X X X X
Tetragonolopus purpureum Moench. + +
Trifolium campestre Shreber X X X X X X X
Trifolium fragiferum L. + + + + + +
Trifolium repens L. X X X X X X X X X X X X
Trifolium scabrum L. X X X X X X X X X X
Trifolium tomentosum L. X X X X X X X X X X
Valerianella eriocarpa Desv. + + + + + + + + + +
Verbascum sinuatum L. + + + + +
Total species with uniform distribution (n.) 27 22 22 25 18 22 24 21 25 26 24 25
Total others (n.) 6 6 12 5 5 10 7 8 11 9 9 15

(z) X = Uniformly distributed species; + = Others: solitary plants or restricted to patchy areas.



49

Table 4 - Ground cover (%) of the botanical families found in spring surveys

Weeds
Crop year 2006 Crop year 2008 Crop year 2010

GLI GL+OX TRI VE GLY GLIY+OX TRI VE GLY GLY+OX TRI VE

Gramineae 	 10.2 c 	 13.3 c 	113.9 a 	 68.5 b 	 22.7 d 	 40.0 c 	 52.4 b 63.8 a 23.2 b 22.4 b 	 30.0 b 	 51.9 a

Compositae 	 9.1 b 	 5.7 c 	 12.8 a 	 6.1 c 	 8.2 a 	 7.4 a 7.3 a 5.9 b 21.5 a 20.0 a 	 6.7 b 	 6.6 b

Leguminosae 	 0.4 c 	 0.1 c 	 12.5 a 	 7.3 b 	 1.4 d 	 2.9 c 16.2 a 6.7 b 12.0 b 11.1 b 	 63.5 a 	 10.5 b

Cruciferae 	 1.6 a 	 1.6 a 	 1.0 b 	 0.6 b 	 1.6 b 	 1.7 ab 0.5 c 1.9 a -- -- 	 -- 	 --

Primulaceae 	 2.6 a 	 0.0 c 	 1.9 b 	 0.0 c 	 -- 	 -- -- -- 4.5 b 0.0 d 	 5.7 a 	 1.9 c

Scrofuliaraceae 	 0.0 b 	 0.0 b 	 2.0 a 	 0.1 b 	 0.0 	 0.1 0.6 a 0.0 1.9 a 0.5 b 	 0.5 b 	 0.5 b

Convolvulaceae 	 5.1  	 4.9 	 4.9 	 4.7 	 2.3 a 	 2.2 a 0.0 b 0.0 b -- -- 	 -- 	 --

Geraniaceae 	 -- 	 -- 	 -- 	 -- 	 2.0 b 	 1.9 b 2.9 a 	 2.6 ab -- -- 	 -- 	 --

Boraginaceae 	 -- 	 -- 	 -- 	 -- 	 0.9 b 	 1.7 a 2.4 a 1.9 a -- -- 	 -- 	 --

Labiatae 	 0.0 	 0.5 	 0.0 	 0.0 	 -- 	 -- -- -- -- -- 	 -- 	 --

Malvaceae 	 4.5 b 	 5.6 a 	 3.2 c 	 0.0 d 	 5.7 a 	 2.6 b 1.0 c 0.6 c 7.0 a 3.6 b 	 0.5 c 	 2.5 b

Papaveraceae 	 0.1 c 	 0.3 c 	 1.3 b 	 3.0 a 	 0.4 b 	 0.0 b 0.4 b 2.0 a 4.0 a 0.5 b 	 0.5 b 	 0.0 b

Portulacaceae 	 1.9 	 1.8 	 2.0 	 1.5 	 -- 	 -- -- -- -- -- 	 -- 	 --

(z) Values that do not have a letter in common are significantly different at 0.05 P (Duncan’s test).

Table 3 - Total ground cover, number of families and species,  agro-ecological indices in spring surveys

Ground cover
management strategies (2)

Crop year 2006 Crop year 2008 Crop year 2010

GLY GLY+OX TRI VE GLY GLY+OX TRI VE GLY GLIY+OX TRI VE

Total ground cover (%) 35.6 c 33.9 c 155.7 a 91.5 b 45.3 c 61.5 b 83.7 a 85.3 a 74.2 b 58.2 c 107.5 a 74.5 b

Botanical families (n.) 8.5 b 8.0 b 10.0 a 7.7 b 9.0 a 9.0 a 9.0 a 8.0 b 7.0 a 4.5 c 5.5 b 6.0 b

Species 16.0 c 15.5 c 20.7 b 23.0 a 17.0 b 17.0 b 18.0 a 18.0 a 16.2 a 12.5 b 15.7 a 15.7 a

GCQI 53.2 B 49.6 C 52.4 A 55.1 A 53.1 C 53.9 C 61.0 A 54.6 B 57.5 B 58.4 B 80.9 A 57.3 B

(z) Values that do not have a letter in common are significantly different at 0.01 P (capital letter) or at 0.05 P (small letter) (Duncan’s test).

the values recorded for the other strategies under con-
sideration (Table 4). The Leguminosae, instead, showed 
the highest cover value (16.2%) in chopped plots. The 
data presented in Table 5 point out that the statistically 
highest CS value of A. sterilis was found in vetch plots 
VE (18.1%), whereas that of B. sterilis was higher with 
only chopping, where the lowest specific contribution of 
L. rigidum was also calculated. Within Leguminosae, the 
most represented species were Medicago hispida Gaert-
ner, Trifolium repens L. and Trifolium tomentosum L., 
whose specific contributions were higher in chopped 
plots. Conyza canadensis (L.) Cronq. and M. sylvestris, 
instead, showed the significantly highest CS in the ex-
perimental plots weeded only by Glyphosate. As for the 
Ground Cover Quality Index (Table 3), the highest sta-
tistical value was calculated in chopped plots (61.0), fol-
lowed by treatment VE (54.6). 

In 2010, the statistically highest total cover percentage 
(Table 3) was observed in the chopped plot (107.5%), fol-
lowed by vetch plots (74.5%). The lowest mean number of 
families and species (4.5 and 12.5, respectively) was re-
corded in OX treatment. The data included in Table 4 point 
out that the most significant cover value of Graminae and 
Leguminosae was found, respectively, in the plots with 

vetch (51.9%) and in TRI treatment (63.5%). As for single 
species (Table 5), A. sterilis and B. sterilis showed the sta-
tistically highest mean values of CS in the VE treatment 
(21.3 and 22.0% respectively); the CS of L. rigidum and 
Trifolium campestre Shreber were found to be, instead, the 
lowest in statistical terms in treatments TRI (4.2%) and 
GLY+OX (0.0%). With regard to the GCQI (Table 3), the 
statistically highest mean value (80.9) was observed in 
chopped plots among all compared treatments.

Autumn flora surveys
In 2006, the statistically highest infestation value (Ta-

ble 6) was observed in chopped plots (34.6%). The statis-
tically lowest mean number of species and families, 13.0 
and 9.0 respectively, was recorded in the TRI treatment. In 
TRI and VE treatments the mean cover values of Gramine-
ae species were 22.4 and 21.5% respectively, statistically 
higher values compared to treatments GLY and GLY+OX 
(Table 7). As to specific contributions, Table 8 shows that 
L. rigidum is the species with the highest mean data of all 
the monitored species; more specifically, it accounted for 
63.5% of cover in the VE treatment and 61.1% in TRI, 
both values being significantly higher than those observed 
in chemically weeded plots. The highest GCQI (Table 6), 
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equal to 54.9, was calculated in the plot submitted to chop-
ping; this data is statistically different from that observed 
in the other treatments.

In 2008, the statistically highest values of total cover 
percentage and number of species (Table 6) were observed 
in chopped plots (49.6% and 13.7%, respectively). For the 
number of families (Table 6), which varied between 6.0 
and 6.5, no sharp differences were found. The statistically 
highest mean cover values of Gramineae (21.8%), Legu-

minosae (5.0%) and Compositae (14.5%) were recorded 
in the TRI treatment (Table 7). The data shown in Table 8 
point out that the highest specific contributions were found 
for: a) A. sterilis in the treatment weeded by the mixture 
of Glyphosate and Oxyfluorfen (22.9%); b) B. sterilis 
(12.6%) and Oxalis. pes-caprae L. (14.6%) in VE; c) C. ca-
nadensis (47.0%) in the plots weeded by Glyphosate only; 
d) Heliotropium erupaeum L. in both chemically weeded 
plots; and e) M. hispida in the plots submitted to chopping 

Table 5 - Specific contributions (%) calculated for the species found in spring surveys

Weeds
Crop year 2006 Crop year 2008 Crop year 2010

GLI GLI+OX TRI VE GLI GLI+OX TRI VE GLI GLI+OX TRI VE

Anagallis arvensis L. 7.3 a (z) 0.0 c 1.2 b 0.0 c -- -- -- -- 6.1 a 0.0 c 5.3 ab 2.6 b

Anthemis arvensis L. 0.0 b 0.0 b 1.2 a 0.0 b -- -- -- -- 4.8 a 0.9 b 0.4 b 3.3 a

Avena sterilis L. 3.3 c 3.9 c 20.2 a 17.1 b 0.5 c 2.1 c 13.0 b 18.1 a 0.6 c 5.1 b 3.8 b 21.3 a

Bellardia trixago (L.) Ali. 0.0 c 0.0 c 1.3 a 0.1 b 0.0 c 0.2 b 0.7 a 0.0 c 2.7 0.9 0.5 0.7

Bromus sterilis L. 3.0 c 3.9 c 19.9 a 16.5 b 23.5 c 25.6 b 29.2 a 17.9 d 9.4 c 12.7 b 14.3 b 22.0 a

alendula arvensis L. -- -- -- -- 0.3 b 0.2 b 0.2 b 1.1 a -- -- -- --
Capsella bursa-pastoris (L.) 
Medicus

0.0 b 0.0 b 0.0 b 0.2 a 0.2 0.2 0.1 0.2 -- -- -- --

Chrysanthemum segetum L. 3.2 b 4.8 a 1.3 c 1.0 c 5.9 a 4.4 b 3.2 c 3.2 c 6.2 a 8.5  a 1.1 b 4.0  a

Conyza canadensis (L.) Cronq. 9.8 a 11.0 a 2.9 b 0.5 c 3.2 a 0.4 b 0.0 b 0.0 b 12.7 b 16.2 a 0.9 c 0.9 c

Convolvulus arvensis L. 14.3 a 14.7 a 3.2 b 5.1 b 5.1 a 3.7 b 0.0 c 0.0 c -- -- -- --

Cynodon dactylon (L.) Pers. 14.8 a 14.4 a 3.1 b 0.2 c 3.2 a 2.5 b 0.4 d 2.1 c -- -- -- --

Diplotaxis erucoides (L.) DC. 4.4 a 4.8 a 0.6 b 0.5 b 4.4 a 3.1 b 3.5 b 3.0 b -- -- -- --

Hordeum murinum L. 0.3 d 6.3 a 2.1 c 3.5 b 2.1 2.8 2.8 2.2 2.6 bc 0.8 c 4.6 b 5.4 a

Lamium purpureum L. 0.0 b 1.3 a 0.0 b 0.0 b 1.3 c 14.0 a 13.6 ab 12.9 b -- -- -- --

Lolium rigidum Gaudin 5.6 c 6.4 c 27.1 b 34.7 a 24.9 a 24.8 a 6.9 b 25.8 a 16.7 a 17.8 a 4.2 b 20.0 a

Malva sylvestris L. 12.8 b 16.7 a 2.1 c 0.0 c 12.7 a 4.3 b 1.2 c 0.7 c 9.5 a 6.3 a 0.5 b 3.4 a

Medicago hispida Gaertner 0.7 b 0.1 b 1.9 a 0.0 b 1.9 d 3.9 b 6.6 a 2.9 c 4.1 7.9 5.2 2.0

Papaver rhoeas L. 0.3 b 0.9 b 0.8 b 3.3 a 1.0 b 0.0 c 0.5 bc 2.3 a 5.5 a 0.8 b 0.4 b 0.0 b

Phalaris paradoxa L. 0.0 b 0.0 b 0.0 b 0.1 a 0.0 b 0.0 b 0.0 b 0.1 a 1.6 a 1.7 a 0.9 b 1.6 a

Portulaca oleracea L. 5.5 a 5.3 a 1.3 b 1.7 b -- -- -- -- -- -- -- --

Setaria verticillata (L.) Beauv. 1.7 b 4.3 a 0.7 b 2.4 b -- -- -- -- -- -- -- --

Scorpiurus muricatus L. 0.0 c 0.0 c 0.2 b 1.1 a -- -- -- -- 0.7 0.0 0.4 0.0

Sonchus oleraceus L. 12.5 a 1.1 d 2.9 c 5.1 b 8.8 a 6.9 b 5.4 c 2.5 d 5.5 b 8.5 a 3.8 b 1.0 c

Trifolium campestre Shreber 0.3 b 0.1 b 1.5 a 1.8 a -- -- -- -- 3.4 a 0.0 b 5.2 a 3.4 a

Trifolium repens L. 0.1 b 0.1 b 1.3 a 1.4 a 1.1 c 0.8 c 5.2 a 1.8 b 0.6 c 1.2 c 11.8 a 3.4 b

Trifolium scabrum L. 0.1 b 0.1 b 1.6 a 1.9 a 0.0 c 0.0 c 1.4 a 0.9 b 1.9 b 2.7 b 21.9 a 2.0 b

Trifolium tomentosum L. 0.1 b 0.1 b 1.5 a 1.8 a 0.0 c 0.0 c 6.3 a 2.2 b 5.5 b 7.8 b 14.9 a 3.4 b

(z) Values that do not have a letter in common are significantly different at 0.05 P (Duncan’s test).

Table 6 - Total ground cover, number of families, number of species and agro-ecological indices in autumn surveys

Crop year 2006 Crop year 2008 Crop year 2010

GLI GLI+OX TRI VE GLI GLI+OX TRI VE GLI GLI+OX TRI VE

Total ground cover 23.4 c (z) 23.6 c 34.6 a 31.9 b 19.1 c 20.7 c 49.6 a 39.8 b 8.2 b 9.1 b 24.0 a 22.0 a

N° of families 10.0 a 10.0 a 9.0 b 9.7 a 6.5 6.5 6.0 6.2 6.7 ab 5.7 bc 5.5 c 7.5 a

N° of species 14.0 a 14.0 a 13.0 b 13.7 a 8.7 c 11.5 b 13.7 a 11.7 b 9.7 7.7 8.2 10.7

GCQI 53.3 b 52.7 b 54.9 a 53.6 b 42.2 c 55.7 a 54.2 a 52.6 b 58.8 62.0 58.4 56.8

(z) Values that do not have a letter in common are significantly different at 0.05 P (Duncan’s test).
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(10.1%). The GCQI with the lowest statistical value was in 
the treatment weeded by Glyphosate only (42.0), whereas 
the values calculated in the other treatments were not sta-
tistically different from each other (Table 6).

In 2010, the highest total cover values were observed in 
TRI and VE treatments, with 24.0 and 22.0%, respectively 
(Table 6). The highest mean number of families (7.5) was 
recorded for treatment VE. As to the number of species, 

statistical analysis did not point out any reliable difference 
between the values of different strategies that ranged be-
tween 7.7 for treatment GLY+OX and 10.7 for VE. The 
data in Table 7 show that Graminae and Compositae had a 
statistically higher mean cover value in TRI and VE plots, 
whereas the cover values of Leguminosae species did not 
show any remarkable difference between each other. As to 
single species (Table 8), the highest CS values  in statisti-

Table 7 -	 Ground cover (%) of the botanical families found in autumn surveys

Weeds
Crop year 2006 Crop year 2008 Crop year 2010

GLI GLI+OX TRI VE GLI GLI+OX TRI VE GLI GLI+OX TRI VE

Graminaceae 11.1 b (z) 11.6 b 22.4 a 21.5 a 1.1 d 6.3 c 21.8 a 9.3 b 1.3 b 1.7 b 4.3 a 5.9 a

Compositae 2.5 a 2.7 a 2.9 a 1.5 b 10.8 b 6.1 c 14.5 a 11.5 b 2.2 b 3.5 b 6.6 a 6.6 a

Leguminosae 1.2 c 1.1 c 3.3 a 1.7 b 0.1 c 0.3 bc 5.0 a 0.6 b 0.9 1.0 1.5 1.2

Cruciferae 2.1 a 2.2 a 1.3 c 1.9 b 0.3 b 0.5 b 0.2 b 6.0 a 0.1 0.1 0.2 0.7

Convolvulaceae 2.6 2.4 2.4 2.3 -- -- -- -- -- -- -- --

Geraniaceae 0.5 b 0.5 b 0.5 b 1.0 a 0.0 0.0 0.0 0.1 1.0 0.2 0.4 1.0

Boraginaceae 0.6 0.6 0.8 1.0 5.2 b 5.1 b 5.1 b 6.5 a -- -- -- --

Malvaceae 1.3 a 1.0 ab 0.9 b 0.7 b 0.1 0.1 0.0 0.0 1.6 a 0.4 b 0.2 b 0.7 b

Oxalidacee 1.0 a 1.0 a 0.1 b 0.0 b 1.5 d 2.2 c 2.9 b 5.8 a 0.6 d 2.1 c 10.2 a 5.5 b

Primulaceae -- -- -- -- -- -- -- -- 0.3 0.3 0.5 0.4

Solanacee 0.4 a 0.5 a 0.2 b 0.2 b -- -- -- -- -- -- -- --

(z) Values that do not have a letter in common are significantly different at 0.05 P (Duncan’s test).

Table 8 - Specific contributions (%) calculated for the species found in autumn surveys

Weeds
Crop year 2006 Crop year 2008 Crop year 2010

GLI GLI+OX TRI VE GLI GLI+OX TRI VE GLI GLI+OX TRI VE

Anagallis arvensis L. -- -- -- -- -- -- -- -- 4.1 0.5 1.9 2.0

Avena sterilis L. -- -- -- -- 0.0 c (z) 22.9 a 5.0 b 3.7 b -- -- -- --

Bromus sterilis L. -- -- -- -- 0.0 c 1.3 b 11.6 a 12.6 a 2.4 c 1.5 c 13.3 b 25.0 a

Calendula arvensis L. -- -- -- -- 8.9 b 1.7 c 10.6 b 16.3 a 4.3 b 1.1 b 20.1 a 16.0 a

Chrysanthemum segetum -- -- -- -- -- -- -- -- 3.8 0.0 0.9 2.5

Conyza canadensis (L.) Cronq. 6.5 b 7.6 a 4.4 c 1.4 d 47.0 a 3.6 c 8.6 b 0.0 c 11.0 a 12.9 a 0.1 b 1.6 b

Convolvulus arvensis L. 10.9 a 10.3 a 6.9 b 7.2 b -- -- -- -- -- -- -- --

Cynodon dactylon (L.) Pers. 5.4 a 5.3 a 3.6 b 3.9 b 5.9 a 5.3 a 2.2 b 0.4 c 3.5 0.0 1.1 0.0

Diplotaxis erucoides (L.) DC. 4.9 a 5.0 a 3.3 b 5.5 a 1.4 2.4 0.3 13.8 1.5 1.2 0.9 3.2

Diplotaxis muralis (L.) DC. 4.2 a 4.1 a 0.4 b 0.5 b 0.1 bc 0.0 c 0.2 b 1.3 a -- -- -- --

Erodium malacoides (L.) L’Hér. 2.1 b 2.0 b 1.4 c 3.1 a 0.1 0.0 0.0 0.1 12.4 a 2.5 b 1.7 b 4.6 b

Heliotropium europaeum L. 2.7 2.7 2.4 3.1 27.5 a 24.5 a 10.3 c 16.4 b -- -- -- --

Hordeum murinum L. -- -- -- -- 0.0 b 0.7 b 10.1 a 0.1 b -- -- -- --

Lolium rigidum Gaudin 42.3 b 43.9 b 61.1 a 63.5 a 0.0 b 0.2 b 9.6 a 0.2 b 10.0 ab 16.5 a 3.7 bc 1.6 c

Malva sylvestris L. 5.4 a 4.1 b 2.5 c 2.4 c 0.5 0.7 0.0 0.0 19.9 a 4.1 b 1.1 b 3.2 b

Medicago hispida Gaertner 0.9 c 0.9 c 7.0 a 2.0 b 0.3 c 1.4 b 10.1 a 1.6 b 12.2 12.0 6.1 4.2

Oxalis pes caprae L. 4.3 a 4.1 a 0.0 b 0.3 b 7.7 c 10.9 b 5.9 c 14.6 a 8.5 c 25.0 b 42.6 a 25.8 b

Setaria verticillata (L.) Beauv. -- -- -- -- 0.0 b 0.0 b 5.6 a 6.3 a -- -- -- --

Sonchus oleraceus L. -- -- -- -- 0.5 d 24.2 a 10.1 c 12.6 b 2.9 5.4 0.9 4.0

Sonchus tenerrimus L. 4.2 4.1 3.8 3.1 -- -- -- -- 3.3 b 16.9 a 5.2 b 5.2 b

Solanum nigrum L. 1.9 a 2.2 a 0.6 b 0.4 b -- -- -- -- -- -- -- --

Trifolium campestre Shreber 4.3 3.7 2.5 3.5 -- -- -- -- -- -- -- --

(z) Values that do not have a letter in common are significantly different at 0.05 P (Duncan’s test).
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cal terms were observed: a) for B. sterilis (25.0%) in the 
plots of treatment VE; b) for Calendula arvensis L. both in 
VE (16.0%) and TRI (20.1%); c) for C. canadensis in both 
chemically weeded plots; and d) for O. pes-caprae in the 
chopped treatment (42.6%).The GCQI (Table 6) ranged 
between 62.0 in treatments GLY+OX and 56.8 in treat-
ment VE and did not show any significant differences be-
tween the values of the strategies being compared. Finally, 
Table 2 lists the other species found during the experiment, 
with low cover percent values and a non-uniform distribu-
tion. The occurrence of these 26 species increased during 
the years for all treatments, although none of them attained 
a uniform distribution over time.

Vegetation surveys
Shoot growth and trunk diameter did not show any signif-

icant differences between the mean values measured for the 
compared treatments (Table 9) during the study three years.

Olive production and oil yield 
As shown by the data in Table 10, no statistical differenc-

es were observed between the mean recorded values during 
the study period for the different strategies being compared 
with regard to olive production and oil yield per plant.

4. Discussion and Conclusions

In this work diachronic analysis was not carried out 
given the limited number of years under study, however 
synchronic comparisons have supplied data that can lead 
to some interesting conclusions.

The different management practices employed in the 
study largely influenced the ground cover values in the 
various years, both quantitatively and qualitatively, but 
not the yield. In all surveys, the most represented families, 

both in terms of ground cover and number of species, were 
Graminae, Leguminosae and Compositae.

With regard to single species, significant specific con-
tributions were recorded for A. sterilis, B. sterilis, C. ca-
nadensis, L. rigidum, M. sylvestris, O. pes-caprae and Tri-
folium spp. The largest differences, in terms of total ground 
cover, were observed between the chemically weeded plots 
and plots submitted to chopping only or sown with vetch. 
Moreover, at the time of surveys, no important differences 
were found between the treatment with the systemic herbi-
cide only and the plot supplied also with the residual herbi-
cide; this is presumably due to the low application rate of 
oxyfluorfen. In particular, in spring and autumn surveys, the 
highest total infestation was found in chopped and vetch-
sown plots. The latter, although covering the whole plot area 
at spring surveys, has only partially limited the growth of 
weeds, especially grasses (Graminae).

The number of species having a uniform distribution in 
springtime in the plots controlled by chopping or through the 
sowing of the cover crop rarely exceeded the value observed 
under different management practices. The number calculat-
ed in autumn, instead, was virtually equal for all strategies.

The species that showed the highest specific contribu-
tions in chemically weeded plots include C. canadensis 
and M. sylvestris, which might be related to the fact that 
those species are tolerant to the applied rates of herbi-
cides or maybe, for C. canadensis, resistant to Glyphosate 
(Montemurro, 2008; Herbicide Resistance Action Com-
mittee, 2012). In the two other conditions, in general, no 
single species was found to be markedly present.

The most influenced families in spring surveys were Le-
guminosae and Graminae; in particular, the latter seemed 
to be facilitated by vetch sowing, whereas the former was 
aided by chopping, conditions that were more evident in 
spring than in autumn surveys when all differences in gen-
eral seemed to be less marked.

Table 9 - Shoot and trunk growth measured during the trial

Treatments
Shoots (cm) Trunk diameter  (cm)

April-October 2006 April-October 2008 April-October 2010 April 2006-October 2010

VE 15.9 14.2 15.0 3.0

GLI + OX 13.5 16.6 14.0 3.5

GLI 16.4 17.3 13.4 3.9

TRI 13.1 16.6 14.8 3.1

Table 10 - Olive production per plant and oil yield

Production per plant
(Kg)

Oil yield
(% )

2006 2008 2010 2006 2008 2010

GLI 13.6 11.7 14.8 18.0 19.1 21.6

GLI+OX 13.9 10.8 15.0 19.0 20.0 21.7

TRI 15.8 11.1 15.6 19.0 19.0 22.3

VE 12.8 10.9 15.1 17.9 20.1 20.9
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The Ground Cover Quality Index calculated in spring 
2006 and 2008 was on average higher in the chopped or 
vetch-sown plots. In 2010 the value calculated in chopped 
plots was markedly higher than in the other treatments, 
which, instead, did not show any differences for this pa-
rameter. This would suggest a shifting, over time, of veg-
etation towards a higher quality composition which was 
more accentuated in the case of the strategy involving 
chopping only. These effects are well summarized by the 
applied index, which indicates that for the same weed spe-
cies assortment influenced the ground cover quality. 

Differences in the flora composition, both quantitative-
ly and qualitatively, did not affect olive yield or vegetation, 
since weeds were however controlled during the plants’ 
critical periods. What varied was above all the ground 
cover features, assessed both from an agronomic and eco-
logical point of view. From our perspective, this feature 
is well reflected by the applied index, which easily and 
effectively described the flora features in different plots. 
In this regard it should be said that this index is obviously 
influenced by the value attributed to each species that may 
vary in relation to the objectives of weed management, as 
previously mentioned. In our case emphasis was placed on 
competition, protection from erosion and on the capacity 
to preserve or even increase fertility: these features coin-
cide with the objectives that olive growers normally try to 
achieve, especially in our areas. In other situations differ-
ent parameters could be applied, namely by varying the 
index numerically while still keeping its functional mean-
ing. Moreover, in the case under study, the GCQI value 
was largely influenced by the total ground cover because 
none of the weeds found in the trial was assigned a zero 
score (V

i
). In the event that undesired species were found 

in among the cover composition, the index would certainly 
have been less dependent on total ground cover.

Finally, since different cover crop and ground flora 
management practices seemed to give results, in terms of 
yield, that were not different from each other, a long-term 
approach could be applied for their selection. Currently it 
seems possible to prefer a ground cover management strat-
egy that enables a sustainable use of olive agro-ecosystems 
and emphasizes the different roles of wild flora, including 
landscaping. This keeps in mind the fact that in 2006 the 
Puglia Regional Government enacted a law regarding the 
protection and enhancement of monumental olive trees 
and of the olive agro-ecosystems of its region (L.R. N. 39 
del 03/10/2006) and that the location where the trial was 
conducted falls within the areas of highest density of an-
cient and traditional olive tree landscapes. The value of 
this area was also further declared by its inclusion among 
the “High Nature Value Farmland” areas (European Envi-
ronment Agency, 2004).
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1. Introduction

Honey is a natural substance formed when the nectar 
and sweet deposits from plants are gathered, modified and 
stored in honeycomb by honey bees (Azeredo et al., 2003; 
Wei et al., 2010). However, honey needs to satisfy numer-
ous quality and certification criteria before commercializa-
tion (Devillers et al., 2004; Laube et al., 2010). Different 
methods based on parameters, such as nutritious, prophy-
lactic properties, pollen and unique flavors analyses were 
applied to specify the quality of honeys. Although these 
methods have many advantages, they are not recommend-
ed for the fast routine procedure because their applications 
required for highly specialized personnel; furthermore, 
they are laborious and time-consuming (Chudzinska and 
Baralkiewicz, 2010; Wei et al., 2010).

Several researchers found the physicochemical analy-
sis method as a most prevalent tool that could be used 
for detecting the origin of honey (Adebiyi et al., 2004; 
Felsner et al., 2004; Serrano et al., 2004; Corbella and 
Cozzolino, 2006; Cantarelli et al., 2008). For instance, 
Lachman et al. (2007) classified Czech Republic honey 
samples by combining between the mineral content and 
the electrolytic conuctivity analyses.

The elemental content of honeys is closely related to 
the soil and vegetation in the area where the raw material 
for honey was collected (Caroli et al., 1999; Bilandžić et 
al., 2012). For instance, Tuzen et al. (2007) determined 

the levels of several trace elements in honey from dif-
ferent botanical origins in Turkey and established a cor-
relation between the content of trace elements and the 
botanical and geographical origin of honey. Pisani et 
al. (2008) showed the influence of botanical origin on 
the chemical composition of honey through analysis of 
various elements in 51 Italian honey samples. Likewise, 
Grembecka and Szefer (2012), using flame atomic ab-
sorption spectrometry, estimated honey quality from dif-
ferent locales in Poland and Europe in light of their min-
eral composition.

Syria has various flora-rich regions that have been 
considered suitable for apiculture. Unfortunately, data 
dealing with element concentrations in Syrian honeys 
has been ignored. Thus, the present work focuses on de-
termining several elements in different types of honey 
from different natural and artificial sources using a dry 
ashing method for X-ray fluorescence (XRF) analysis. In 
addition, cluster analysis (CA) is also applied in the pres-
ent study to group the analyzed samples with regard to 
their botanical origin. The ability of CA to discriminate 
between natural honeys and those produced from bees 
fed with sugar was also studied.

2. Materials and Methods

Honey samples
A set of 24 Syrian natural honey samples were ana-

lyzed. In addition to the local samples, three jujube honey 
samples (200 g each) imported from India (two samples) 
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concentrations (citrus honey); 2) rich in minor and trace element concentrations (wild plants and jujube honeys); and 
3) moderate mineral concentrations (multiflora, eucalyptus, crataegus, and sunflower honeys). Results are discussed in 
terms of the mineral concentrations in Syrian honeys and in comparison with international values. 
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and Pakistan (one sample) were used for comparison pur-
poses. The Syrian honey samples (500 g each) were col-
lected directly from sedentary beehives in different parts of 
Syria during the late spring and early summer months. All 
samples were collected in clean, closed glass jars and im-
mediately transferred to the laboratory. The samples were 
unpasteurized, stored in glass bottles and kept at 4-5°C in 
the dark until analysis. The Syrian honey samples under 
study belonged to six representative honey types: citrus 
(C, n=6), multiflora (M, n=6), Eucalyptus (Eu, n=5), cra-
taegus (Crat, n=3), sunflower (Sun, n=2) and wild plants 
(W, n=2). The botanical origin of some honey samples 
was confirmed by pollen analysis, according to Louveaux 
et al. (1978). Additionally, two types of artificial honey 
samples based on honeys produced from bees fed with 
sugar were collected after feeding a sugar solution to bees 
in one apiary (one beehive). The two sugar solutions were 
prepared as follows: the first solution (HIS) was prepared 
by mixing sugar and water on a 1:1 basis. A total of 1.5 kg 
commercial sugar was completely dissolved in 1.5 l hot-
ultrapure water (18.2 MΩcm specific resistivity) using an 
electrical heating plate at 60°C. The obtained solution was 
cooled at room temperature. Then, the following chemi-
cal salts were dissolved in the sugar solution: (0.7259 
g) FeCl

3
.6H

2
O, (0.0372 g) Ni(NO

3
)

2
.6H

2
O, (0.0424 g) 

CuCl
2
.2H

2
O, (0.1563 g) ZnCl

2
; the solution was mixed 

with a glass rod. The final volume of the obtained sugar 
solution was 2480 ml. The second sugar solution (HSB) 
was prepared in the same way but no chemical salts were 
added. For statistical analysis, two indipendent HIS and 
HSB sugar solutions were prepared. Feeding to bees of 
the sugar solutions was carried out at seven-day intervals. 

Reagents and solutions
All aqueous solutions and dilutions were prepared with 

ultrapure water obtained from a water purification system 
(New Human Power II, South Korea) with 18.3 MΩcm 
specific resistivity. The solutions of 14 N HNO

3
 ‘Analar’ 

(BDH) were used for the honey ash dissolutions. The stock 
standard solutions of K, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, 
Rb, and Sr with concentrations of 1000 μg ml−1 each were 
used for the preparation of the multi-element reference tar-
gets for XRF calibration. A pure cellulose powder (AG) 
for analysis from Seelze (Hannover/Germany) was used as 
a binder for preparation of the XRF targets.

Analytical procedures
Eleven elements (K, Ca, Ti, Cr, Mn, Fe, Cu, Ni, Zn, 

Rb, and Sr,) were determined in the honey samples using 
a dry ashing method for XRF analysis (Khuder et al., 
2010). Ten g of each honey sample were put in a 50-ml 
crucible and dried in an oven at 105°C for 72 h, covered, 
cooled in a desiccator and weighed. Each crucible-held 
dried sample was subjected to ashing in an electrical 
furnace. The temperature was increased in three steps: 
200, 300, and 550°C; where the first and second steps 
lasted for 20 min each, while the third step lasted for 16 
h. The ash of each honey sample was weighed and kept 

in the desiccator. Each obtained ash was dissolved in 
1-ml volume of 6 N HNO

3
 then removed to a small 5-ml 

volume vial. A volume of 100 μl of suspended cellulose 
solution (0.120 g ml-1) was added to each dissolved ash. 
The obtained mixtures were thoroughly shaken using an 
electrical shaker (KS 125 basic, IKALABORTECHNIK 
Co., Japan) for 5 min, then removed to XRF spectro-cups 
with surface area of 4.91 cm2 each, and dried under IR 
lamp. Finally, each obtained honey target was weighed 
and subjected to XRF analysis using Mo-secondary tar-
get for the determination of Fe, Ni, Cu, Zn, Rb, and Sr, 
and Cu-secondary target for the determination of K, Ca, 
Ti, Cr, and Mn.

Instrumental measurements
The XRF measurements were performed using an en-

ergy dispersive X-ray fluorescence instrument equipped 
with a 2 kW Mo tube and a Si (Li) semiconductor detec-
tor (PGT Co.) with an energy resolution of 140 eV at 5.9 
keV. The operating conditions were differed, depending on 
the mode of the X-ray excitation: 7 mA and 17 kV, and 5 
mA and 45 kV by using Cu- and Mo-secondary targets, re-
spectively. The live time was 1000 s for both of the X-ray 
excitation modes.

The peak areas in the obtained spectra were evaluated 
using the AXIL-QXAS software package (IAEA, 2005). 
The XRF results were compared with those obtained by 
standardized AAS method using hollow cathode lamps 
(Rashed and Soltan, 2004 ). The accuracy, precision, and 
limits of detection (LOD) of the XRF were estimated us-
ing the method described by Khuder et al. (2010).

Statistical analysis
Basic statistics were carried out using the STATIS-

TICA 6.0 statistical package for windows (Statsoft). 
Prior to chemometric processing, the root square of data 
was carried out in order to stabilize the variance. CA was 
used to group the analyzed honey samples with regard to 
their botanical origin. The Euclidean distance was used 
to measure the similarity as clustering method single 
linkage. 

3. Results

XRF analysis
A typical XRF spectrum of a honey sample excited by 

means of Cu- and Mo-secondary targets is shown in figure 
1. The spectra confirmed the presence of K, Ca, Ti, Cr, 
Mn, Fe, Ni, Cu, Zn, Rb, and Sr in the analyzed samples. 
The detected elements were calibrated by constructing 
sensitivity curves (Fig. 2) and quantified using the AXIL-
QXAS program. The validity of XRF was examined by 
estimating the precision, accuracy, and LOD parameters 
(Table 1). The LOD of K, Ca, Ti, Cr, and Mn were 0.40, 
0.09, 0.06, 0.01, and 0.01 µg g-1, respectively; while those 
of Fe, Ni, Cu, Zn, Rb, and Sr were 0.050, 0.032, 0.031, 
0.030, 0.009, and 0.007 µg g-1, respectively. A comparison 
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between XRF and AAS methods revealed a correlation co-
efficient above 0.990, indicating that the XRF was reliable 
and suitable to determine most of the elements in honey 
samples.

Honey analysis 
Chemical analysis data (Table 2) concerning the stud-

ied honey samples differentiated two mineral groups: the 
most abundant and the trace elements. The first group was 
composed of K and Ca, having concentrations of more 
than 10 µg g-1. The second mineral group comprised the 
trace elements: Fe, Cu, Zn, Rb, Ti, Cr, Mn, Ni, and Sr. 
Of these, two subgroups were noted: the trace elements 
Fe, Cu, Zn, and Rb with concentrations in the 1-10 µg g-1 

range, and a second subgroup (Ti, Cr, Mn, Ni, and Sr) with 
concentrations < 1.0 µg g-1.

The data were clustered in order to find the similarities 
between analyzed honey samples (Fig. 3) and also the ele-
ments (Fig. 4).

4. Discussion and Conclusions

The honey samples in the present work were subjected 
to an ashing process in order to increase the sensitivity of 
the XRF analysis, and the concentrations of the elements 
were much higher than the obtained LOD values. 

Table 1 - �Determination of different elements in multi-element standard 
sample using Cu- and Mo-secondary targets for XRF analysis (z)

Secondary 
target

Elements (Means±SD) (y) A (%) (x) RSD (%)(w)

Cu K 9.68±0.35 -3.2 ±3.62

Ca 10.25±0.25 2.5 ±2.44

Ti 10.22±0.30 2.2 ±2.94

Cr 9.66±0.35 -3.4 ±3.62

Mn 9.72±0.33 -2.8 ±3.40

Pooled (rms)(v) 2.85

Mo Fe 9.95±0.66 -0.5 ±6.63

Ni 9.50±0.55 -5 ±5.79

Cu 10.44±0.82 4.4 ±7.85

Zn 10.42±0.52 4.2 ±4.99

Rb 9.92±0.11 -0.8 ±1.11

Sr 9.95±0.08 -0.5 ±0.80

Pooled (rms)d   3.24  

(z) �The ‘dark matrix’ entered for running QXAS-AXIL program with 
Cu-secondary target mode was C (5%) and H by difference; while, 
that for Mo-secondary target was Si (1%) and O by difference.

(y) �XRF results (µg) were obtained by measuring the multi-element stan-
dard three times; SD is the standard deviation.

(x) �A is the accuracy calculated by the difference between the obtained 
and the used amounts  (absolute amount is 10 µg).

(w) �RSD is the relative standard deviation; RSD=(SD x Mean ˉ¹) x 100.
(v) is the root mean square of elemental accuracy.

Fig. 1 - �Typical spectra of a honey sample excited by X-ray Mo tube 
with (a) Cu-, and (b) Mo-secondary targets.
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Fig.2 . Calibration sensitivity curves obtained by X-ray excitation of elements

i C d M dusing Cu- and Mo- secondary targets. 

Fig. 2 - �Calibration sensitivity curves obtained by X-ray excitation of 
elements using Cu- and Mo- secondary targets.
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Table 2 - Element concentrations in Syrian honeys from different botanical origins determined by using X-ray fluorescence analysis

Botanical
origins

Element concentrations (µg.g-1)

K Ca Ti Cr Mn Fe Cu Ni Zn Rb Sr

M Mean 138 76.1 0.212 0.029 1.04 5.87 2.34 0.23 1.21 1.03 0.63

Min. 56.2 44.6 0.102 0.017 0.36 4.0 0.83 0.08 0.21 0.44 0.41

Max. 183 118 0.285 0.036 1.69 9.42 4.53 0.39 3.82 2.2 1.03

Eu Mean 121 92.6 0.292 0.016 1.74 8.35 3.82 0.18 2.44 1.05 0.64

Min. 66.7 50.6 0.145 0.011 0.36 5.72 1.59 0.17 0.53 0.43 0.47

Max. 228 127 0.401 0.024 3.16 12.4 6.09 0.20 7.16 1.78 0.79

C Mean 40.3 45.5 0.085 0.026 0.50 1.74 1.14 0.13 2.42 0.32 0.31

Min. 5.7 7.3 0.052 0.011 0.15 1.04 0.62 0.11 1.01 0.07 0.14

Max. 84.6 78.5 0.099 0.054 1.06 2.43 1.59 0.14 4.30 0.94 0.70

Crat Mean 125 43.3 0.103 0.028 0.90 7.57 2.95 0.20 3.50 1.57 0.48

Min. 47.5 39.1 0.071 0.014 0.46 3.83 1.66 0.15 1.41 0.26 0.44

Max. 179 46.1 0.125 0.055 1.34 13.1 4.39 0.25 7.33 2.53 0.50

Sun Mean 107 34.4 0.142 0.024 0.32 4.83 3.10 0.162 3.83 0.81 0.65

Min. 98.3 33.6 0.115 0.019 0.2 4.68 2.67 0.135 3.75 0.65 0.32

Max. 115 35.1 0.168 0.029 0.42 4.98 3.53 0.188 3.91 0.98 0.99

W Mean 198 50.3 0.30 0.029 2.54 17.0 3.4 0.265 2.88 4.52 0.38

Min. 187 49.1 0.18 0.024 1.81 14.2 1.06 0.109 1.38 1.57 0.36

Max. 208 51.4 0.42 0.034 3.26 19.7 5.73 0.420 4.37 7.47 0.41

J Mean 250 58.5 0.17 <0.01 3.37 5.40 1.46 0.083 0.65 3.97 0.49

Min. 219 38.7 0.12 - 0.60 4.98 0.83 0.081 0.27 2.69 0.13

Max. 280 78.3 0.22 - 6.13 5.82 2.08 0.084 1.03 5.24 0.85

HSB Mean 4.1 16.1 0.05 <0.01 0.11 1.35 1.34 0.069 3.19 0.08 0.09

Min. 3.9 15.3 0.03 - 0.10 1.28 1.27 0.064 3.03 0.07 0.08

Max. 4.3 16.9 0.07 - 0.20 14.2 1.41 0.074 3.35 0.08 0.10

HIS Mean 5.1 17.0 0.05 <0.01 0.09 22.0 3.29 1.36 21.6 0.05 0.07

Min. 4.8 16.1 0.03 - 0.08 20.9 3.12 1.28 20.5 0.04 0.06

  Max. 5.4 17.9 0.07 - 0.12 23.1 3.46 1.44 22.7 0.05 0.07

M, Eu, C, Crat, Sun, W, J, correspond to multiflora, eucalyptus, citrus, crataegus, sunflower, wild plants and jujube, honeys respectively. HSB and 
HIS were honeys produced from bees fed with sugar alone and sugar enriched with salts, respectively.Fig. 3 - Dendrogram of cluster analysis of elements in different types of honeys (root square of 

data was treated by the linkage method with Euclidean distance as measure of similarity)
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Fig. 3 - �Dendrogram of cluster analysis of elements in different types of 
honeys (root square of data was treated by the linkage method 
with Euclidean distance as measure of similarity).
HIS and HSB= honeys produced from bees fed with sgar enriched 
with salts and sugar alone, C= citrus, J= jujube, W= wild plants, 
Sun= sunflower, Crat= crataegus, Eu= eucalyptus, M= multiflora.
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Fig. 4 - Dendrogram of 11 analyzed elements in different types of honey samples (root square of dat

treated by the linkage method with Euclidean distance as measure of similarity)
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Fig. 4 - �Dendrogram of 11 analyzed elements in different types of honey 
samples (root square of data was treated by the linkage method 
with Euclidean distance as measure of similarity).
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Based on our data the minerals in Syrian natural, arti-
ficial, and imported honeys fell into two groups: the first 
group was composed of K and Ca, while the other included 
the trace elements Fe, Cu, Zn, Rb, Ti, Cr, Mn, Ni, and Sr.

Potassium represented the most abundant element in 
the Syrian honey samples with a mean concentration of 
107 µg g-1. This finding coincides with most other authors 
who consider this element to be the most quantitatively 
important in honey (Terrab et al., 2004; Fernandez-Torres 
et al., 2005; Nozal Nalda et al., 2005; Pisani et al., 2008). 
The highest and lowest K concentrations were found in 
Jujube (250 µg g-1) and citrus (40.3 µg g-1) honeys, re-
spectively; the mean concentrations of K in Syrian honeys 
were very similar to those in honeys from Brazil (Sodré et 
al., 2007) and less than values obtained for Turkish honeys 
(Cantarelli et al., 2008). Calcium in Syrian honeys was the 
second most abundant element with a mean concentration 
of 61.9 µg g-1; the values found for this element in Syrian 
honeys were similar to those of jujube honeys imported 
from Pakistan and India, as well as for honeys from other 
countries (Cantarelli et al., 2008; Chudzinska and Baralk-
iewicz, 2010).

The mean concentration of Fe and Cu in Syrian honeys 
was estimated to be 6.33 and 2.49 µg g-1, respectively. Our 
value for Fe is very similar to that obtained by Cantar-
elli et al. (2008) for Turkish honeys, but higher than for 
honey from Argentina, Brazil and Switzerland (Bogdanov 
et al., 2007; Sodré et al., 2007; Cantarelli et al., 2008). It 
is worth mentioning that the concentrations of Cu in Syr-
ian honeys were much higher than those for honeys from 
Poland, Switzerland, the Czech Republic, Brazil and Ar-
gentina (Bogdanov et al., 2007; Lachman et al., 2007; So-
dré et al., 2007; Cantarelli et al., 2008; Chudzinska and 
Baralkiewicz, 2010). The mean concentration of Zn and 
Rb was 2.27 and 1.50 µg g-1, respectively; the value for the 
former was comparable to those obtained for the imported 
honeys (1.89 µg g-1), as well as for honeys from Poland, 
Argentina, Spain, Italy and Turkey (Cantarelli et al., 2008; 
Chudzinska and Baralkiewicz, 2010). The mean concen-
tration of Rb in Brazilian honey was much lower than that 
obtained in the present work (Sodré et al., 2007). Latorre 
et al. (1999) reported a mean value of 1.5 µg.g-1 in Spain, 
which is similar to the mean Rb concentration found in 
Syrian honeys.

Titanium was found in the honey samples with a mean 
value of 0.184 µg g-1, and Cr was identified in 20 samples 
(87% of the total) with a mean concentration of 0.025 µg 
g-1. Sodré et al. (2007) found Ti in Brazilian honey samples 
(mean value 0.112 µg g-1) while the mean concentrations 
of Cr in different honeys from Switzerland, Chile, and 
Brazil were 0.005, 0.070 and 0.038 µg g-1, respectively 
(Fredes and Montenegro, 2006; Bogdanov et al., 2007; 
Sodré et al., 2007). Manganese and Ni were found in 21 
and 14 honey samples, respectively, with mean concentra-
tions of 1.29 and 0.204 µg g-1. The mean concentrations 
of Mn in honeys from Argentina and the Czech Repub-
lic varied from 0.33 to 2.87 µg g-1 (Lachman et al., 2007; 
Cantarelli et al., 2008), and a mean value of 1.0 µg g-1 

was found in Turkish honey (Tuzen et al., 2007). Concen-
trations of Ni in Syrian honeys were comparable to those 
obtained for honeys from Chile, the Czech Republic and 
Switzerland (Fredes and Montenegro, 2006; Bogdanov et 
al., 2007; Lachman et al., 2007). Strontium was verified 
in all samples with a mean concentration of 0.518 µg g-1. 
Our data showed that the highest Sr concentration (1.03 
µg g-1) came from a multiflora honey obtained from a bee-
hive placed near highways. Results similar to ours have 
been recorded previously: Fredes and Montenegro, (2006) 
found that the highest concentrations of Sr in Chilean hon-
eys were noted in honeys harvested from beehives close to 
roads and highways. 

Cluster analysis was applied to the data of the 11 ele-
ments in the nine types of studied honeys. At a similarity 
level of 60%, the natural honey samples were grouped into 
three clusters (Fig. 3). The first cluster contained only the 
citrus honey, the second Jujube and wild plant honeys, and 
the third the remaining honey types (sunflower, crataegus, 
eucalyptus, and multiflora). At the same similarity level, 
the two artificial honey samples (HIS and HSB) were well 
discriminated in two clusters. The hierarchical dendro-
gram (Fig. 4) discriminated between the elements accord-
ing to their concentrations. The elements Zn, Fe, Rb, Cu, 
Mn, Ni, Sr, Cr, and Ti represented a group of elements 
with concentrations ≤10 µg g-1; while K and Ca represent-
ed a group of elements with concentrations ≥10 µg g-1. The 
hierarchical dendrogram shown in figure 4 could suggest a 
potential relationship between the samples’ origin and the 
clusters of particular elements, which reflects the chemical 
composition of the botanical origin of honey.

In conclusion, cluster analysis grouped the natural hon-
eys into different clusters with regard to their botanical 
origin. Citrus honeys, which were poor in element con-
centrations, formed an individual group while wild plants 
and jujube honeys formed the second group, which were 
rich in the determined minor and trace elements. Samples 
of mutiflora, eucalyptus, crataegus, and sunflower honeys 
formed the third natural group with moderate elemental 
concentrations. CA technique also revealed a very good 
discrimination between natural honeys and those produced 
from bees fed with sugar.
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1. Introduction

Juglans regia plants are monoecious, anemophilous 
with unisexual flowers grouped in separate inflorescenc-
es (Manning, 1938; Bauckmann, 1974; Germain et al., 
1981). Staminate flowers (catkins) develop from lateral 
buds in the axil of leaves on the previous season’s growth. 
Pistillate flowers are borne terminally on the current sea-
son’s growth, however in some cultivars, also develops in 
a lateral position on the last year’s growth (Forde, 1977). 
Although Juglans regia cultivars are self fertile, but low 
yields in walnut is a cause of concern which is mainly 
attributed to inadequate pollination resulting from pistil-
late flower abscission (PFA) and adverse climatic con-
ditions during pollen shedding and stigma receptivity. 
Apart from these factors, dichogamy is also a main cause 
for low yields in walnut which was steady and biological 
characteristics of walnut (Akca and Sen, 1997).

The phenomenon of dichogamy involves development 
on the same plant of male and female organs at differ-
ent times. ‘Protandry’ refers to the shedding of pollen 

prior to stigma receptivity and ‘protogyny’ the reverse 
sequence (Gleeson, 1982). The mating system with both 
protandrous and protogynous plants within the species 
has been classified as heterodichogamy (Gleeson, 1982; 
Luza and Polito, 1988). The extent of heterodichogamy 
varies from almost complete overlap (homogamy) to 
complete separation of male and female bloom periods 
(McGranahan and Leslie, 1991). The degree and nature 
of dichogamy is a varietal character, but it is also greatly 
affected by the age of the tree, climate and geographic 
location (Wood, 1932). Walnut variety or locality is free 
from dichogamy. On the basis of these data it is possible 
to make combinations of cultivars, which ensure pollinat-
ing and enable regular harvest. The present work deals 
with protandrous-protogynous dimorphism in 20 walnut 
cultivars/selections. To overcome the problem of low 
yields and to identify suitable cultivars that can overlap 
in blooming time, the present study was conducted at the 
University of Horticulture and Forestry, Nauni-Solan for 
three consecutive years. On this basis we can define the 
most suitable combinations of cultivars for north-western 
region of India.
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2. Materials and Methods

The present study was carried out over a three-year 
period (2006-2008) in the walnut germplasm collection 
block of the Department of Fruit Breeding and Genetic 
Resources, Dr. Y S Parmar University of Horticulture 
and Forestry, Nauni-Solan, Himachal Pradesh. The wal-
nut block is located at an elevation of 1225 m a.m.s.l. and 
between 31oN latitude and 77oE longitude. The mean av-
erage rainfall of the study area during the flowering sea-
son (February to April) ranges from 125 to 200 mm. The 
minimum and maximum temperatures of the field area 
during the flowering season range between 10 and 30oC. 
The experiment was conducted with the following 20 cul-
tivars/selections: ‘ACO 38853’, ‘Blackmore’, ‘Gobind’, 
‘Hartley’, ‘Plant No.10’, ‘Netar Akhrot’, ‘Roopa Akhrot’, 
‘KX Giant’, ‘Rattan Akhrot’, ‘Lake English’, ‘Kandaghat 
Selection’, ‘Payne’, ‘Inder Akhrot’, ‘Plant No. 32’, ‘Xe-
nia’, ‘Plant No. 45’, ‘Plant No. 46’, ‘Plant No. 47’, ‘Sold-
ing Selection’ and ‘Luxmi Akhrot’. These cultivars/selec-
tions were grafted on walnut seedlings and the age of the 
planting material during the study was 18-20 years old. 
The grafted plants were planted at a distance of 7x7 m and 
standard practices of orchard management were followed. 
Observations were taken with regard to time of male and 
female flowering, duration of pollen shedding and stigma 
receptivity, nature and degree of dichogamy. Nature of di-
chogamy was determined as

Protandry: Maturation of male catkins prior to stigma 
receptivity of female flower

Protogyny: Stigma receptivity prior to maturation of 
male catkins

Homogamy: Maturation of male catkins coinciding 
with stigma receptivity in female flowers.

Degree of dichogamy was calculated according to the 
formula suggested by Solar et al. (1997).

Degree of dichogamy (%) =

= 1 -
No. of days when male and female flowering coincides

  X 100
Number of days of female flowering

3. Results and Discussion

The results obtained from the three consecutive years 
of study showed variation with respect to time of male and 
female flowering, duration of pollen shedding and stigma 
receptivity, nature and degree of dichogamy. The earliest 
emergence of catkins in all three years was recorded in 
‘Plant No. 45’ (i.e. 12 March, 17 March and 15 March in 
the first, second and third years, respectively) along with 
‘Luxmi Akhrot’ (12 March) in the first year, and ‘Netar 
Akhrot’ and ‘Inder Akhrot’ (17 March) in the second year 
(Fig. 1). Late emergence of catkins was observed in ‘Sold-
ing Selection’ (25 March) in the first year; in the second 
and third years late emergence was observed in ‘Gobind’ 
(7 April and 28 March, respectively). ‘Plant No. 45’ 

showed early female flowering (15 March in the first year, 
22 March in second and 17 March in the third), whereas 
late emergence of female flowering in the first year was 
observed in ‘Rattan Akhrot’ (31 March), in the second 
year in ‘Plant No. 32’ (8 April) and in the third in ‘ACO 
38853’ and ‘Luxmi Akhrot’ (1 April).

Early pollen shedding in 2006 and 2008 was recorded 
in ‘Plant No. 45’ (17 March and 20 March, respectively) 
along with ‘Hartley’ and ‘Luxmi Akhrot’ in 2006, howev-
er,  it was recorded in ‘Netar Akhrot’ in 2007 (24 March) 
(Fig. 2). As for late pollen shedding the following obser-
vations were made: ‘Solding Selection’ (30 March 2006) 
and ‘Gobind’ (10 April 2007 and 1 April 2008). In all 
three years ‘Plant No. 45’ had early stigma receptivity (19 
March, 25 March and 21 March, respectively). However, 
there was late stigma receptivity in ‘Rattan Akhrot’ in the 
first year (5 April), ‘Plant No. 32’ and ‘Xenia’ in the sec-
ond year (12 April) and ‘ACO 38853’, ‘Blackmore’ and 
‘Luxmi Akhrot’ in the third year (5 April).

Regarding the nature of dichogamy, it is clear from 
Table 1 that ‘Gobind’ was found to be homogamous in the 
first and third years, ‘KX Giant’ in the second and third 
years and ‘Plant No. 45’ in the second year. However, dur-
ing the study period only ‘Gobind’ showed a protogynous 
nature in the second year. While ‘KX Giant’, ‘Plant No. 
32’ and ‘Plant No. 45’ in 2006, ‘Netar Akhrot’ and ‘Xe-
nia’ in 2007 and again ‘Plant No. 45’ in 2008 revealed 
a slight protandrous nature. All the other cultivars were 
of protandrous nature in all years. ‘ACO 38853’, ‘Black-
more’, ‘Hartley’, ‘Roopa Akhrot’, ‘Lake English’, ‘Inder 
Akhrot’, ‘Plant No. 47’ and ‘Luxmi Akhrot’ were found 
to have a 100% degree of dichogamy during the course of 
study;  ‘KX Giant’ and ‘Plant No. 45’ in the second year, 
and ‘Gobind’ in the third year showed a 0% degree of di-
chogamy. Other cultivars/selections had a wide range of 
degrees of dichogamy during the study.

From the present study it is clear that Persian walnut 
has a large variation with regard to nature and degree of 
dichogamy. The degree of dichogamy in various cultivars/
selections varies from zero to 100%. It is generally as-
sumed that protandrous cultivars are the most numerous, 
followed by protogynous types, while homogamous types 
are quite rare (McDaniel, 1957; Majackaja, 1969; Ger-
main et al., 1981) as also revealed in the present study. The 
trend here is towards protandry with as many as fourteen 
protandrous cultivars/selections (‘ACO 38853’, ‘Black-
more’, ‘Hartley’, ‘Plant No. 10’, ‘Roopa Akhrot’, ‘Rattan 
Akhrot’, ‘Lake English’, ‘Kandaghat Selection’, ‘Payne’, 
‘Inder Akhrot’, ‘Plant No. 46’, ‘Plant No. 47’, ‘Solding 
Selection’ and ‘Luxmi Akhrot’) as demonstrated from the 
extent of synchronization of male and female flowering, 
and especially the time of pollen shedding and stigma re-
ceptivity. ‘Gobind’ in the first and third years, ‘KX Gi-
ant’ in second and third and ‘Plant No. 45’ in the second 
year had a homogamous nature, whereas only ‘Gobind’ 
showed a protogynous nature in the second year. How-
ever, the trend towards protandry was also reported by 
earlier researchers. Germain et al. (1983 a) found among 
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Table 1 - Nature and degree of dichogamy in different walnut cultivars/selections

Cultivar/selection
First year Second year Third year

Nature Degree Nature Degree Nature Degree

ACO 38853 Protandrous 100 Protandrous 100 Protandrous 100

Blackmore Protandrous 100 Protandrous 100 Protandrous 100

Gobind Homogamous 14.28 Protogynous 50 Homogamous 0

Hartley Protandrous 100 Protandrous 100 Protandrous 100

Plant No. 10 Protandrous 100 Protandrous 83.33 Protandrous 83.33

Netar Akhrot Protandrous 62.50 Slightly protandry 33.33 Protandrous 57.14

Roopa Akhrot Protandrous 100 Protandrous 100 Protandrous 100

KX Giant Slightly protandry 33.33 Homogamous 0 Homogamous 14.28

Rattan Akhrot Protandrous 100 Protandrous 60 Protandrous 57.14

Lake English Protandrous 100 Protandrous 100 Protandrous 100

Kandaghat Selection Protandrous 71.43 Protandrous 100 Protandrous 100

Payne Protandrous 80 Protandrous 60 Protandrous 50

Inder Akhrot Protandrous 100 Protandrous 100 Protandrous 100

Plant No. 32 Slightly protandry 28.57 Protandrous 100 Protandrous 42.86

Xenia Protandrous 83.33 Slightly protandry 33.33 Protandrous 50

Plant No. 45 Slightly protandry 16.67 Homogamous 0 Slightly protandry 14.28

Plant No. 46 Protandrous 66.67 Protandrous 100 Protandrous 71.42

Plant No. 47 Protandrous 100 Protandrous 100 Protandrous 100

Solding Selection Protandrous 42.86 Protandrous 60 Protandrous 42.86

Luxmi Akhrot Protandrous 100 Protandrous 100 Protandrous 100

20 French cultivars 16 protandrous, three protogynous and 
one homogamous. Among 100 cultivars studied by Yadrov 
(1982) the majority was protandrous (approximately 60%), 
while approximately 30% were protogynous and only 10 % 
were homogamous. Working on 10 cultivars of French and 
American origin Aleta and Ninot (1987) identified six ab-
solutely protandrous cultivars, one protogynous and three 
partly homogamous. Korac et al. (1989) found among 14 
cultivars, 11 protandrous, two protogynous and one partly 
homogamous. The occurrence of heterodichogamy in Per-
sian walnut (i.e. protandry, protogyny and homogamy) as 
revealed here, is reported also by several other workers 
(Cheng, 1978; Radicati, et al., 1983; Cerovic et al., 1995).

The present investigation on the nature of dichogamy is 
primarily based upon the overlap between pollen shedding 
and stigma receptivity and not on the conventional method 
of classifying varieties on the basis of time of emergence of 
male and female flowers. The degree and nature of dichog-
amy is a varietal character, but it is also greatly affected by 
tree age, climate and geographic location (Wood, 1932).

Thus it is concluded that dichogamy is genotype-spe-
cific as shown from the considerable variation observed 
in the 20 cultivars/selections studied. To achieve optimum 
fruit set and consequent yield, near homogamous types 
(‘Gobind’ or ‘KX Giant’) may be planted in single cultivar 
walnut orchards, or a mixture of cultivars can be interplant-
ed to allow sufficient overlap between pollen shedding and 
stigma receptivity. On the basis of the present study on pro-
tandrous-protogynous dimorphism, the mentioned possible 

pollinators in Table 2 are suggested as suitable cultivars/
selections for growing in north-western India.
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Table 2 -	 Suitable pollinators for different walnut cultivars/selections
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ACO 38853 Plant No. 32

Blackmore Gobind, Xenia

Gobind Xenia, Plant No. 32

Hartley Gobind, Xenia, Plant No. 32

Plant No. 10 Gobind, Xenia, Plant No. 32

Netar Akhrot Roopa Akhrot, Inder Akhrot, Plant No. 45, Lake English

Roopa Akhrot KX Giant, Plant No. 32, Plant No. 46
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Rattan Akhrot Plant No. 32, Plant No. 46

Kandaghat Selection Plant No. 32, Xenia

Payne Plant No. 32, Xenia

Inder Akhrot Plant No. 32, KX Giant, Solding Selection

Plant No. 32 Gobind 

Xenia Gobind 

Plant No. 45 Roopa Akhrot, Netar Akhrot

Plant No. 46 Gobind, Xenia

Plant No. 47 Solding Selection, Gobind, ACO 38853

Solding Selection Plant No. 32, KX Giant

Luxmi Akhrot Plant No. 32, Solding Selection, KX Giant, ACO 38853
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1. Introduction

Onion (Allium Cepa L.) belongs to the family Allia-
ceae in the genus Allium (Friensen, et al., 2006; Brewster, 
2008). In Nigeria, onion is grown mainly for its bulb which 
is used in virtually every home on a daily basis to flavour 
and season a wide variety of dishes. As a constituent of a 
meal, both the green leaves and bulbs can be eaten raw or 
cooked in soups and salads. It is claimed to minimize high 
blood pressure and other heart diseases due to its favour-
able action on the elasticity of blood vessels. As an item of 
world trade, onion ranks second in importance after toma-
toes among vegetables in Nigeria, where annual produc-
tion stands at 621 000 t, making it the 36th highest pro-
ducing country in the world. The genus Allium constitutes 
“bulb crops” and these are weak competitors with weeds 
which emerge among the crops (Boydston and Seymour, 
2002). Weeds are known to reduce available moisture, nu-
trients, sunlight and growing space needed by crop plants. 
Subsequently, weeds can reduce growth, quality and yield 
of crops and make harvesting difficult. Onion seedlings are 
weak competitors with weeds because of their slow growth, 
small stature, shallow roots and thin canopy. In addition, 
their cylindrical upright leaves do not shade the soil enough 
to suppress weed growth. Weed interference was observed 
to be more devastating than insect (Thrips tabaci) infesta-

tions on onion dry bulb yield (Ghosheh and Al-Shannag, 
2000). Herbicides may be applied before planting or after 
planting. Pre-plant application of a soil residual herbicide 
such as oxadiazon has proved effective for weed control 
in onion (Amrutkar et al., 2002). Oxyfluorfen and pendi-
menthalin were reported to have significantly reduced the 
weed population and increased onion yield to levels com-
parable to yields of weed control in a relay cabbage-onion 
cropping system (Sanjeev et al., 2003). Onions are sown 
at densities that exceed 20 plants/m2, and hand weeding 
operations are practiced with great care. On the other hand, 
high costs, lack of manpower and low economic returns 
are currently pushing onion farmers to consider herbicides 
as an alternative weed management option in onion pro-
duction. The reliance on unstructured or non-sequenced 
weed management programs by farmers, especially in a 
country like Nigeria where agricultural commodities are 
still inexpensive, is also very common. Therefore, the ob-
jective of this study was to evaluate the efficacy of weed 
control using single herbicide applications. Although not 
all the herbicides used in this experiment were registered 
for onion production, producers might be tempted to use 
those available and at the lowest cost.

2. Materials and Methods

Field experiments were conducted during the 2006/2007 
and 2007/2008 dry seasons at the Irrigation Research Sta-
tion, Kadawa, of the Institute for Agricultural Research, 
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Ahmadu Bello University, Zaria, Nigeria (11o 39’N, 08o 
02’E and 500 m above sea level). Meteorological data on 
temperature, relative humidity and sunshine hours, as well 
as physical and chemical characteristics of the soil of the 
experimental site were collected December 2006-April 
2007 and December 2007-April 2008 (Tables 1, 2 and 3).

Land preparation involved ploughing, harrowing and 
ridging (75 cm apart). The plot size was 12 m2 (4 x 3 m) 
representing the planting basin. Planting was done in rows 
at spacing of 15 x 30 cm within and between rows. The 
onion variety used, D77, has a maturity period of 120 to 
130 days and potential yield of 5-15 t/ha. Plots were irri-
gated by surface flooding before transplanting a day after 
herbicide application. Subsequent irrigation was applied 
once a week by surface irrigation of the basin to field ca-
pacity, resulting in approximately 15-20 applications to 
supply about 350-550 mm of moisture as needed by the 
plant per growing season. In the two seasons, Single Su-
per Phosphate (SSP) fertilizer at a rate of 19.8kg P/ha and 
Muriate of Potash (Potassium) at 10.4 kg K/ha were incor-
porated into the basin as basal fertilizer before transplant-
ing. Nitrogen (45 kg N/ha) was applied by broadcasting 

Table 1 - �Meteorological data showing mean minimum and maximum 
temperatures, relative humidity and sunshine hours during 
2006/2007 dry season at Kadawa

Month Days
Air temperature

 (oC)
Relative 
humidity 

(%)

Sunshine
hours

Min. Max.

December 
2006

1-10 14.0 33.5 25.1 7.2

11-20 13.2 32.6 27.2 7.4

21-31 13.5 33.0 27.4 7.0

January 2007 1-10 11.7 31.6 28.3 6.8

11-20 14.9 35.7 29.5 7.0

21-31 13.4 34.3 29.8 6.1

February 2007 1-10 16.2 36.3 32.0 6.1

11-20 19.7 35.9 34.1 5.8

21-29 19.5 37.1 35.8 5.0

March 2007 1-10 19.2 35.8 37.1 6.2

11-20 19.4 38.3 36.1 6.8

21-3 20.4 41.4 36.7 5.7

April 2007 1-10 19.6 40.7 36.9 5.4

11-20 18.6 39.1 37.5 5.6

21-30 22.3 40.9 37.6 6.0

Total 255.6 546.2 491.1 95.1

Average 17.04 36.42 32.74 6.34

Source: �Meteorological Unit of the Institute for Agricultural Research, 
Samaru, Zaria.

Table 2 - �Meteorological data showing mean minimum and maximum 
temperatures, relative humidity and sunshine hours during 
2007/2008 dry season at Kadawa

Month Days
Air temperature

(oC)  
Relative 
humidity 

(%)

Sunshine
hours

Min Max

Dececember 
2007

1-10 13.6 35.0 26.9 6.0

11-20 14.0 33.3 23.4 6.4

21-31 14.5 32.0 27.2 5.4

January 2008 1-10 15.1 34.3 27.9 5.0

11-20 13.6 32.7 28.0 5.7

21-31 NA NA 30.1 6.0

February 2008 1-10 17.3 38.3 34.3 5.0

11-20 15.6 34.7 30.8 4.5

21-29 14.8 35.9 32.0 4.5

March 2008 1-10 15.7 34.5 29.9 5.0

11-20 18.9 32.3 32.3 6.1

21-31 23.3 39.4 36.3 6.8

April 2008 1-10 25.7 42.8 38.3 5.4

11-20 23.9 41.1 36.9 6.0

21-30 25.7 41.2 37.6 6.0

Total 251.7 507.4 471.9 83.8

Average 18.00 36.24 31.46 5.59

Source: Meteorological Unit of the Institute for Agricultural Research, 
Samaru, Zaria.
NA= not available.

Table 3 - �Physico-chemical properties of the 0-20 cm depth of soil at 
the experimental site during the 2006/2007 and 2007/2008 
dry seasons at Kadawa

Composition
Dry season
2006/2007

Dry season
2007/2008

Physical properties

Sand (%) 56.0 58.0

Silt (%) 30.0 30.0

Day (%) 14.0 12.0

Textural class Sandy-loam Sandy-loam

Chemical properties

pH in H
2
O 5.70 5.80

pH in 0.01 m cacl
2
(1:2.5) 5.10 5.32

Organic carbon (g/kg) 0.58 0.56

Total nitrogen (g/kg) 1.20 1.30

Available phosphorus 0.90 1.20

Exchangeable cations (cmd/kg soil)

Calcium 1.88 0.60

Sodium 0.81 0.73

Potassium 0.21 0.37

Magnesium 3.13 2.97

C.E.C. 6.70 6.90
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using urea (46%W) as split doses at two and six weeks 
after transplanting (WAT).

Treatments consisted of the following rates, each ap-
plied with and without supplementary hoe weeding 
(SHW) for a total of four treatments per herbicide: oxadia-
zon 25 EC (4 and 6 l/ha), butachlor 50 EC (5 and 6 l/ha), 
pendimenthalin 50 EC (5 and 6 l/ha) and bullet 700 SC 
9 (1.04 and 1.4 l/ha) (atrazine + acetochlor + terbuthyla-
zine), eight treatments (4, 6, 8 and10 l/ha with and without 
SHW) of oxyfluorfen 41 flowable (FW), and an untreated 
control; hoe weeding was carried out at 3 and 6 weeks 
after transplanting (WAT). These treatments were laid 
out in a randomized complete block design (RCBD) with 
three replications. All herbicides were applied a day before 
transplanting using a conventional CP3 knapsack sprayer 
with a green deflector nozzle at a pressure of 2.1 kg/m2 
to deliver a spray volume of 200 l/ha. Supplementary hoe 
weeding was imposed at 6 WAT on some plots as indi-
cated in the treatment because some herbicides have short 
persistence in the soil and therefore cannot exhibit long 
season weed control. In the Nigerian savanna, despite high 
labour requirements and cost of inputs, some workers have 
emphasized the need to supplement pre-emergence herbi-
cide treatments with hoe weeding for long season weed 
control for increased yields in various crops (Adigun et al., 
1987; Magani, 2008; Oluwafemi, 2013). Onion bulbs were 
harvested manually at 16 WAT.

Data on weed dry weight, mean bulb diameter, bulb 
weight and bulb yield per hectare were assessed and 
subjected to statistical analysis of variance (ANOVA) as 
described by Snedecor and Cochran (1967). Differences 
between treatment means were compared using Duncan 
Multiple Range Test (DMRT) (Duncan, 1955) at 5% level 
of probability.

3. Results

Weather and soil conditions
Meteorological data on temperature, relative humidity 

and sunshine hours during the study periods (2006/2007 
and 2007/2008) are shown in Tables 1 and 2 respectively, 
while physical and chemical characteristics of the soil of 
the experimental sites for the same period are presented in 
Table 3. The average maximum temperature was 36.42 and 
36.24°C in 2006/2007 and 2007/2008 respectively, while 
for the same periods the  relative humidity was 32.74 and 
31.46% and sunshine hours were 6.34 and 5.59. With re-
gard to the soil of the experimental sites, it was classified 
as sandy loam in both study periods, and the organic car-
bon, total nitrogen and available phosphorus were, respec-
tively, 0.58, 1.20 g/kg-1  and 0.90 mg/kg-1 in 2006/2007 
and 0.56, 1.30 g/kg-1 and 1.20 mg/kg-1 in 2007/2008.

Weed dry weight
The untreated control had significantly (P≤M0.05) 

higher weed dry weight than all the other treatments ex-
cept for oxadiazon at 4 and 6 l/ha in 2006/2007 and for 

the combined mean (Table 4). The hoe-weeded control in 
the 2006/2007 study period resulted in significantly lower 
weed dry weight, comparable to the application of oxa-
diazon at 4 l/ha followed by supplementary hoe weeding 
(fbSHW), oxyfluarfen at 10 l/ha fbSHW, butachlor at 6 l/
ha fbSHW and pendimenthalin at 5 l/ha fbSHW (Table 4). 
In 2007/2008, all the herbicides and their rates, including 
the untreated control, gave statistically comparable weed 
dry weight.  The application of oxadiazon at 6 l fbSHW 
had significantly (P<0.05) higher weed dry weight than 
butachlor at 6 l/ha and the hoe-weeded control which gave 
statistically similar weed dry weights (Table 4).

Table 4 - �Effects of rates of herbicides on weed dry weight in onion 
during dry seasons of 2006/2007, 2007/2008 and combine at 
Kadawa

Rates
(l/ha)

Weed dry weight
(kg/ha) Combined

mean
Herbicides 2006/2007 2007/2008

Oxadiazon 4 101.70 a 17.47 a-c 59.58 ab

4 fbSHW 34.60 l-g 11.23 a-c 22.93 ef

6 82.07 a 15.90 a-c 49.00 a-c

6 fbSHW 38.60 c-f 21.00 a 29.85 d-f

Oxyfluorfen 4 56.37 b-e 8.57 a-c 30.08 c-f

4 fbSHW 41.8 c-f 13.96 a-c 27.85 d-f

6 57.70 b-e 14.90 a-c 36.32 c-f

6 fbSHW 38.10 c-f 15.10 a-c 28.60 d-f

8 45.97 l-f 13.96 a-c 29.97 d-f

8 fbSHW 49.59 b-c 9.60 a-c 29.55 d-f

10 62.33 b-e 16.37 a-c 39.35 c-e

10 fbSHW 33.90 d-g 17.7 a-c 25.80 d-f

Butachlor 5 45.57 c-f 14.30 a-c 29.93 d-f

5 fbSHW 38.40 c-f 14.46 a-c 26.43 d-f

6 48.37 b-f 6.13 bc 27.25 d-f

6 fbSHW 21.27 fg 14.97 a-c 18.12 fg

Bullet 1.04 57.20 b-e 13.03 a-c 35.12 c-f

1.04 fbSHW 42.60 c-f 10.53 a-c 26.57 d-f

1.4 46.80 c-f 14.20 a-c 30.50 d-f

1.4 fbSHW 29.17 e-g 17.70 a-c 23.43 e-f

Pendimenthalin 5 67.70 b-d 19.43 a-c 43.57 b-d

5 fbSHW 33.47 d-g 21.30 a-c 27.40 d-f

6 69.27 bc 20.20 a-c 44.73 a-d

6 fbSHW 62.33 b-e 14.46 a-c 38.55 c-e

Hoe weeded 3 + 6WAT 3.70 g 5.00 c 6.13 g

Untreated check 109.03 a 12.66 a-c 60.85 a

SE(±) 10.203 3.847 5.533

Means followed by same letter(s) within a column are not significantly 
different at 5% (P=0.05) using DMRT.
fbSHW= Followed by supplementary hoe weeding.
WAT= Weeks after transplanting.
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Mean bulb diameter
Table 5 shows mean bulb diameter for the herbicide 

treatments. The results reveal a larger bulb size in the first 
study season compared to the second season. The appli-
cation of oxyfluorfen at 4 l/ha produced larger bulbs for 
all treatments in 2006/2007 and for the combined mean 
(2006/2007-2007/2008); the values were comparable with 
the hoe-weeded control in both cases. In 2007/2008, the 
use of oxadiazon at 6 l/ha fbSHW resulted in bigger bulbs 
compared with those produced by oxadiazon at 4 l/ha 
(with or without SHW), pendimethalin at 6 l/ha without 
SHW and the hoe-weeded control. Oxadiazon at 6 l/ha and 
the untreated control gave comparable but smaller onion 
bulbs for the combined mean (Table 5). 

Mean bulb weight 
Mean bulb weight appeared higher in the 2006/2007 

dry season compared with the following year (Table 6). 
In the former, hoe weeded control yielded a significantly 
(P<0.05) higher mean bulb weight, compared with oxadia-

zon at 4 l/ha (with or without SHW) and bullet (atrazine 
+ acetochlor + terbuthylazine) at 1.04 l/ha fbSHW. The 
untreated control gave the lowest mean bulb weight, al-
though it was comparable to some herbicide treatments.

The application of oxadiazon at 6 l/ha followed by sup-
plementary hoe weeding (fbSHW) in 2007/2008 and com-
bined mean resulted in the highest mean bulb weight, but 
it was comparable to oxadiazon at 4 l/ha (with and without 

Table 5 - �Effects of rates of herbicides on mean bulb diameters in onion 
during dry seasons of 2006/2007, 2007/2008 and combine at 
Kadawa

Herbicides
Rates
(l/ha)

Mean bulb diameter 
(cm)

Combined
meanDry season

2006/2007
Dry season
2007/2008

Oxadiazon 4 19.52 ab 9.49 b-d 14.51 a-d

4 fbSHW 19.13 ab 9.36 b-d 14.64 a-d

6 14.85 b-f 7.99 d 11.42 d

6fbSHW 17.68 a-e 16.40 a 17.04 ab 

Oxyfluorfen 4 21.60 a 12.88 a-d 17.24 a

4 fbSHW 16.93 a-f 15.75 ab 16.17 a-c

6 14.43 b-f 11.87 a-d 13.15 a-d

6fbSHW 15.75 b-f 10.65 a-d 13.20 a-d

8 13.37 ef 13.12 a-d 12.75 b-d

8fbSHW 13.53 l-f 10.77 a-d 12.15 cd 

10 15.79 b-f 10.95 a-d 13.37 a-d

10fbSHW 17.99 a-c 14.13 a -d 16.06 a-c

Butachlor 5 13.19 d-f 13.22 a-d 13.23 a-d

5 fbSHW 17.37 a-f 12.25 a-d 14.81 a-d

6 14.76 b-f 9.97 a-d 12.36cd

6 fbSHW 17.55 a-f 14.18 a-d 15.87 a-c

Bullet 1.04 15.67 b-f 8.49 cd 12.06 cd

1.04 fbSHW 19.54 ab 13.23 a-d 16.38 a-c

1.4 16.92 a-f 12.43 a-d 14.67 a-d

1.4 fbSHW 16.60 a-f 13.00 a-d 14.80 a-d

Pendimenthalin 5 16.52 a-f 11.15 a-d 13.84 a-d

5 fbSHW 19.15 a-c 14.64 a-c 16.90 ab

6 17.02 a-f 9.76 b-d 13.34 a-d

6 fbSHW 18.08 a-c 12.19 a-d 15.14 a-d

Hoe weeded 3 + 6WAT 18.96 a-d 9.78 b-d 14.37 a-d

Untreated check 11.87 f 10.05 a-d 10.90 d

SE (±) 1.673 1.903 1.269

Means followed by same letter(s) within a column are not significantly 
different at 5% (P=0.05) using DMRT.
fbSHW= Followed by supplementary hoe weeding.
WAT= Weeks after transplanting.

Table 6 - �Effects of rates of herbicides on mean bulb weight of onion 
during dry seasons of 2006/2007, 2007/2008 and combine at 
Kadawa

Herbicides
Rates
(l/ha)

Mean bulb weight (g)
Combined 

meanDry season 
2006/2007

Dry season 
2007/2008

Oxadiazon 4 77.48 a-c 20.72 c 49.10 a-f

4 fbSHW 86.03 ab 35.63 a-c 60.83 a-d

6 48.34 c-h 19.38 c 33.89 fg

6fbSHW 68.26 b-e 71.03 a 69.65 a

Oxyfluorfen 4 33.51 f-h 43.41 a-c 38.46 c-g

4 fbSHW 58.97 b-g 64.45 ab 61.71 a-c

6 37.38 e-h 33.08 a-c 35.23 fg

6fbSHW 50.88 c-h 31.59 bc 41.23 c-g

8 27.65 gh 43.70 a-c 35.68 e-g

8fbSHW 35.77 f-h 27.61 bc 31.69 fg

10 52.89 c-h 25.65 c 39.27 c-g

10fbSHW 62.05 b-f 50.05 a-c 56.05 a-f

Butachlor 5 41.59 d-h 45.48 a-c 43.53 b-g

5 fbSHW 48.60 c-h 48.27 a-c 48.44 a-f

6 43.57 d-h 36.86 a-c 40.21 c-g

6 fbSHW 47.36 c-h 45.87 a-c 46.62 a-f

Bullet 1.04 50.18 c-h 21.95 c 36.06 d-g

1.04 fbSHW 77.25 a-c 43.19 a-c 60.22 a-e

1.4 44.89 d-h 37.96 a-c 41.43 b-g

1.4 fbSHW 68.58 b-e 38.24 a-c 53.41 a-f

Pendimenthalin 5 55.15 c-g 24.67 c 39.91 c-g

5 fbSHW 52.96 c-h 55.03 a-c 53.00 a-f

6 60.68 b-f 22.81 c 43.75 b-g

6 fbSHW 69.19 b-d 33.68 a-c 51.44 a-f

Hoe weeded 3 + 6WAT 103.06 a 28.46 bc 65.77 ab

Untreated check 22.87 h 20.03 c 21.45 g

SE (±) 9.126 11.171 7.189

Means followed by same letter(s) within a column are not significantly 
different at 5% (P=0.05) using DMRT.
fbSHW= Followed by supplementary hoe weeding.
WAT= Weeks after transplanting.
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supplementary hoe weeding), oxyfluorfen at 4 and 10 l/
ha fbSHW, pendimenthalin at 5 and 6 l/ha fbSHW and the 
hoe-weeded control (Table 6). The untreated control con-
sistently maintained the lowest mean bulb weight in both 
years of study and in the combine mean. 

Onion bulb yield
In 2006/2007, the use of oxadiazon at 4 l/ha fbSHW, 

oxyfluorfen at 6 l/ha and pendimentalin at 5 and 6 l/ha 
fbSHW resulted in statistically similar but significantly 
(P≤0.05) higher bulb yield compared with oxyfluorfen 
at 4, 8 and 10 l/ha and the untreated control. The differ-
ences in bulb yield between all other herbicides and their 
rates including the untreated control were not significant 
(P≤0.05) statistically (Table 7). The effect of the herbi-

cides and their rates on onion bulb yield was not signifi-
cant in 2007/2008. The application of pendimenthalin at 5 
l/ha fbSHW resulted in significantly (P≤0.05) higher bulb 
yield compared with oxyfluorfen at 8 and 10 l/ha and the 
untreated control for the combined mean.  All the other 
herbicides and their rates gave statistically similar bulb 
yields (Table 7).

4. Discussion and Conclusions

Weed dry weights were very high in the untreated con-
trol compared to the herbicide-treated plots in 2006/2007 
and combined means, except for oxadiazon at 4 and 6 l/
ha without fbSHW. This could be due to a higher weed 
intensity resulting from no hoe weeding and herbicide 
treatment. Lower weed dry weights and herbicide sup-
pression of weeds in crops has been demonstrated in 
many studies (Ibrahim, 2001; Ishaya, 2004; Adekpe et 
al., 2007).

The statistically similar weed dry weight found in the 
present study for hoe weeded control and oxadiazon at 4 
l/ha fbSHW, oxyfluorfen at 10 l/ha fbSHW, butachlor at 
6 l/ha fbSHW and pendimnthalin (5 l/ha fbSHW) dem-
onstrates herbicide competitiveness with conventional 
hoe weeding in weed management practices. Similar 
observations have been made in other related studies 
(Adekpe et al., 2007; Shinggu et al, 2009; Oluwafemi, 
2013). Bulb size was higher with the application oxy-
fluorfen at 4 l/ha compared to to hoe-weeded control in 
both 2006/2007 and combined data. Numerical differ-
ences in bulb size (diameter) were observed and in some 
cases not statistically significant, reflecting the within 
treatment variability encountered in the study. The use of 
oxyfluorfen has been reported to increased onion perfor-
mance (Ghosheh, 2004)

Onion mean bulb weight and bulb yield (t/ha) were 
observed to be better with oxyfluorfen (6 l/ha fbSHW) 
and pendimenthalin at 5 and 6 l/ha fbSHW. This observa-
tion may not be unconnected with the observed favour-
able weed control, higher bulb diameter influenced by 
these herbicides. The weed control must have helped 
in the reduction of competition for both the above and 
underground growth factors by the weeds, thereby pro-
viding an adequate environment for the growth and bulb 
yield of onion. The high total nitrogen and available 
phosphorus found in the soil of the experimental sites 
might have contributed to high bulb yield in these low 
weed-infested plots. The use of oxyfluorfen, oxadiazon 
and pendimethalim has been reported to improve perfor-
mance in some bulb and root vegetable crops (Amrutkar 
et al., 2002; Sanjeev et al., 2003; Adekpe et al., 2007; 
Adekpe et al., 2012).

It can be concluded from the present study that the use 
of oxadiazon at 4 and 6 l/ha fbSHW and oxyfluorfen at 
6 l/ha fbSHW gives the lowest weed dry weight, higher 
bulb diameter, higher mean bulb weight and bulb yield 
per hectare compared to the hoe-weeded control.

Table 7 - �Effects of rates of herbicides on onion bulb yield during dry 
seasons of 2006/2007, 2007/2008 and combine at Kadawa

Herbicides
Rates
(l/ha)

Onion bulb yield (t/ha)
Combined 

meanDry season 
2006/2007

Dry season 
2007/2008

Oxadiazon 4 6.00 a-c 0.73 3.37 a-d

4 fbSHW 6.93 a 0.83 3.88 a-c

6 3.78 a-d 0.66 2.22 a-d

6fbSHW 4.30 a-d 2.66 3.44 a-d

Oxyfluorfen 4 2.17 b-d 2.27 2.22 a-d

4 fbSHW 3.06 a-d 2.60 2.83 a-d

6 7.05 a 1.13 4.09 ab

6fbSHW 3.90 a-d 0.70 2.30 a-d

8 1.78 cd 2.13 1.96 b-d

8fbSHW 3.68 a-d 0.93 2.30 a-d

10 2.05 cd 0.88 1.46 cd

10fbSHW 5.22 a-d 1.90 3.58 a-c

Butachlor 5 3.22 a-d 2.07 2.65 a-d

5 fbSHW 5.05 a-d 2.13 3.59 a-c

6 3.22 a-d 1.90 2.58 a-d

6 fbSHW 3.58 a-d 1.40 2.48 a-d

Bullet 1.04 3.45 a-d 0.92 2.19 a-d

1.04 fbSHW 5.39 a-d 1.20 3.30 a-d

1.4 2.83 a-d 2.13 2.48 a-d

1.4 fbSHW 4.22 a-d 1.00 2.61 a-d

Pendimenthalin 5 4.61 a-d 0.47 2.54 a-d

5 fbSHW 6.56 a 2.93 4.75 a

6 4.00 a-d 0.53 2.27 a-d

6 fbSHW 6.92 a 1.20 4.06 ab

Hoe weeded 3 + 6WAT 5.78 a-c 0.47 3.12 a-d

Untreated check 1.22 d 0.73 0.98 d

SE (±) 1.279 0.762 0.737

Means followed by same letter(s) within a column are not significantly 
different at 5% (P=0.05) using DMRT.
fbSHW= Followed by supplementary hoe weeding.
WAT= Weeks after transplanting.
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1. Introduction

Persimmons are the edible fruits of deciduous trees in 
the genus Diospyros, many of which originated in China 
(Martínez-Calvo et al., 2012), even though some species 
are native to other parts of the world, including D. lotus, or 
date plum, which is native to southwest Asia and southeast 
Europe. The fruit was called “fire of the gods”, or Dios 
pyros by the ancient Greeks, thus the name of the genus. 
Persimmons produce popular and nutritious fruits that 
have become traditional crops in Korea and Japan and are 
found throughout the world (Veberic et al., 2010; Dem-
bitsky et al., 2011; Giordani et al., 2011). They are sweet 
and are relatively good sources of carotenoids, vitamin 
C, polyphenols and proanthocyanidins (Gu et al., 2008; 
Dembitsky et al., 2011; Giordani et al., 2011). Moreover, 
persimmons have been reported to have health benefits 
in both traditional and western medicine (Giordani et al., 
2011). For example, persimmons of the Triumph variety 
improved lipid metabolism and atherosclerosis indices in 
rats that were fed a diet that was high in cholesterol (Go-
rinstein et al., 1998; 2011).

The most cultivated species is the D. kaki Thunb. (Mar-
tínez-Calvo et al., 2012; USDA, 2012), also known as 
Chinese persimmon, Japanese persimmon, kaki, caqui and 

Diospyros kaki L. (Martínez-Calvo et al., 2012; USDA, 
2012). There is also a species (D. virginiana) that is na-
tive to eastern North America (Celik and Ercisli, 2008). 
Persimmons are climacteric fruits (Veberic et al., 2010). 
That is, the amount of sugars (particularly sucrose) and 
total carotenoids increase in the final stages of ripeness 
and firmness, while soluble tannins and titratable acidity 
levels decrease, resulting in improved flavor (Candir et al., 
2009). In the northern hemisphere, they are harvested be-
tween September and December (Dembitsky et al., 2011). 
On the other hand, the Brazilian caqui cultivar called 
‘Giombo’ is very productive and matures late, with 
fruits being picked from March to the end of May 
(Martins and Pereira, 1989). This relatively short 
harvest season, coupled with the lack of information 
about storage, limits its expansion and causes loss-
es in the final processing and marketing of the fruit 
(Donazzolo and Brackman, 2002).

Persimmon cultivars are classified into four 
groups: pollination-constant astringent, pollination-
variant astringent, pollination-constant non-astringent, 
and pollination-variant non-astringent (Campo-Dall’Orto 
et al., 1996; Celik and Ercisli, 2008). Persimmons have 
also been divided into a volatile-independent group (VIG, 
corresponding to the pollination-constant non-astringent 
group) and the volatile dependent group (VDG, consisting 
of the pollination-constant astringent, pollination-variant 
astringent and pollination variant non-astringent types) 
(Giordani et al., 2011). Tannins in the VIG type are usually 
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relatively high in molecular weight and soluble in water. 
Moreover, their concentrations are maximum at an early 
stage of development and are <1% of the fresh weight. 
On the other hand, the VDG types contain tannins that are 
usually soluble in water, have a lower molecular weight 
and are not palatable at harvesting time. The seeds of polli-
nation-variant non-astringent cultivars can exude ethanol, 
which makes the water-soluble tannins insoluble (Giordani 
et al., 2011). All persimmons are edible when soft, but 
they can be astringent at harvest time (Giordani et al.,  
2011). Parthenocarpic fruits of pollination-variant non-
astringent cultivars, and both seeded and parthenocarpic 
fruits of astringent cultivars are edible only after removing 
the astringency artificially or when soft, overripe or dried. 
This happens when low molecular weight, soluble tannins 
are made water-insoluble, probably by binding with pec-
tins (Giordani et al., 2011). Astringency can be removed 
by storing persimmons in a modified atmosphere contain-
ing elevated amounts of CO

2
 or ethanol (Del Bubba et al., 

2009; Edagi et al., 2009) and refrigeration can delay the 
ripening of persimmons picked when only half-ripe (Vie-
ites et al., 2012).

The heart-shaped ‘Hachiya’ cultivar is the most popu-
lar pollination-constant astringent persimmon, while the 
‘Fuyu’ is a popular pollination-constant non-astringent 
cultivar in Japan (Celik and Ercisli, 2008).

The Brazilian ‘Giombo’ cultivar is in the variable de-
nomination which includes fruits that are yellow and con-
tain tannins. Seedless fruits keep their astringency even 
when ripe, so the tannins must be removed artificially. The 
biggest inconvenience in accelerating the ripening process 
to remove tannins is that it diminishes the shelf life (Edagi 
et al., 2009). According to Antoniolli et al. (2000), this 
can compromise the firmness of the pulp when stored for 
a long period. 

Refrigerated storage is among the practices used to 
maintain the quality of fruits for a short length of time (Vie-
ites et al., 2012); it can prolong the useful storage time, but 
the majority of workers show that it should not exceed 35 
days to remain safe (Ben-Aire and Zutkhi, 1992; Brack-
mann and Saquet, 1995; Chitarra and Chitarra, 2005).

Other methods have been tested to extend the shelf life 
of fruits, with modified atmospheres standing out. Also 
plastic films can increase CO

2
 and decrease O

2
 however 

the concentrations of these gases are not controlled and 
vary with time, temperature, type of plastic and respiratory 
rate (Sargent et al., 1993). According to Ferri et al. (2004) 
storing ‘Fuyu’ persimmons at 0oC maintains the firmness 
of the pulp for 90 days, but when only using refrigerated 
storage the shelf life is less than 30 days.

Another approach is to use a modified active atmo-
sphere in which the initial concentration of gases inside 
the packaging is controlled. ‘Giombo’ persimmons have 
not yet been tested under these conditions, therefore the 
objective of this study was to test the effects of a modified 
active atmosphere on the cold storage of ‘Giombo’ per-
simmons that have had the tannins removed, making them 
non-astringent.

2. Materials and Methods

‘Giombo’ persimmons were from the Sacramento 
Agropastoril Ltda, Avaré (SP), located at a latitude of 
23°05’56”S, longitude 48º55’33”W and altitude of 780 
m, with an annual precipitation of 1500-1700 mm yr-1, an-
nual temperature between 20 and 24°C and soil classified 
as purple oxysoil (structured earth, purple, oxidized). The 
fruits were collected by hand when they were at stage 3 
of maturity, medium-ripe, about 50% green. To remove 
the tannins, fruits were collected in plastic boxes and ex-
posed to ethanol fumes at a concentration of 6.6 ml kg-1, in 
chambers at 25°C for 48 h. Fruits were then submitted to 
the following gas mixtures: 0.03% CO

2
 and 21% O

2 
 (T1= 

control; 5% CO
2
 and 4% O

2
 (T2); 6% CO

2
 and 4% O

2 
(T3); 

7% CO
2
 and 4% O

2 
(T4) and 8% CO

2
 and 4% O

2 
(T5). The 

fruits were wrapped in plastic wrappers made of nylon and 
polyethylene and stored refrigerated at 0±0.5ºC and 85-
90±5% relative humidity for 35 days, and were analyzed 
every seven days. For the control group (non-destructive), 
two whole fruits were analyzed five times and for the de-
structive group, two fruits were cut into pieces and then 
analyzed in triplicate.

Loss of mass (%)
The weight of fruits was measured with an analytical 

balance and the results expressed as a percentage.

Respiratory activity
The liberation of CO

2 
was measured following the 

method of Bleinroth et al. (1976), using a saturated solu-
tion of barium hydroxide and 0.1 N potassium hydroxide. 
The respiratory rate was calculated using the equation:
TCO

2 
= 2.2 (Vo-V1). 10/P.T.

where T CO
2
 = respiratory rate (ml of CO

2
. kg-1.h-1);

Vo= volume of HCl needed to titrate the potassium hy-
droxide solution before and V1, after absorbing CO

2 
(ml);

P= mass of the fruits; T = time of respiration;
2.2= equivalent weight of CO

2
 (44/2), multiplied by the 

concentration of HCl;
10= adjustment for the total amount of KOH used.
Analyses were carried out in triplicate.

Titratable acidity
Expressed as gram equivalents of malic acid per 100 g 

of pulp (g of malic acid 100 g-1), obtained by titrating 5 g 
of homogenized pulp diluted to 100 ml with distilled water 
with 0.1 N NaOH, using a phenolphthalein indicator, in 
conformance with Odair et al. (2008).

Soluble solids
Made using a Palette ATAGO PR-32 refractometer and 

expressed as (ºBrix), in conformance with Odair et al. 
(2008).

Maturity index (ratio)
Determined from the ratio of soluble solids to titratable 

acidity (2008).
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pH
Measured using a model 300 pH meter in conformance 

with Odair et al. (2008).

Sugars
Measured using the methods of Somogy (1945) and 

Nelson (1944) and a Micronal B 382 spectrophotometer to 
measure the absorbance at 535 nm.

Ascorbic acid
Determined by adding 30 ml of 4% oxalic acid to 30 g 

of pulp and titrating with 0.5% DPI-2,6-diclorophenolin-
dophenol with results expressed as ml of ascorbic acid 100 
ml-1 of pulp (MAPA, 2011).

Astringency index
Determined using the method of Gazit and Levy (1963) 

and modified by Vitti (2009) in which one of the sides of 
the cut fruit is placed on a piece of filter paper that has 
been impregnated with a solution of 5% FeCl

3
. Soluble 

tannins react and turn the paper dark, which is then ana-
lyzed visually on a scale of 1 to 5, with 5 being the darkest 
and most astringent.

Coloration
Measured in a Konica Minolta (Chroma meter, CR 

400/410) colorimeter over the spectral region of 380 to 
780 nm. The reflectance reading was obtained with an 
angle of observation of 2º and illumination C. The color 
was expressed by a system of rectangular coordinates: 
L* a* and b* in conformance with the CIE (Comission 
Internatinale de E’clairage), where L* is the percent lu-
minosity (0% = black and 100% = white), a* represents 
the colors red (+) or green (-) and b* the colors yellow 
(+) or blue (-).

Firmness
Measured using a Texture Analyzer (Stevens – LFRA 

texture analyzer) with a penetration distance of 10 mm and 
a velocity of 2.0 mm sec-1, and using a TA 9/1000 fixture 
and a pressure of 15 gram of force per cm2 (gf cm-2).

Enzyme activity	
Activities of polygalacturonase (PG) and pectin methy-

lesterase (PME) were determined by the methods of Al-
bershein et al. (1967) and Ahmed and Labavitch (1980).

The Tukey test at a 5% probability level was used to 
compare results, as recommended by Gomes (2000) and 
by linear regression analysis for weight loss. 

3. Results and Discussion

The respiratory activity of ‘Giombo’ persimmon fruits 
increased during the storage periods, as shown in Figure 
1. Concomitantly, there was a steady weight loss, depend-
ing on the treatment (Table 1). The fruits exposed to 7 
and 8% CO

2
 showed less weight loss than the other treat-

ments. In order to have acceptable surface shrinkage for 
fresh fruits (Finger and Vieira, 2002) the maximum tol-
erated weight loss should be between 5 and 10%, thus 
the weight losses of ‘Giombo’ persimmons found in this 
study are acceptable.

It was also observed that the respiratory rate was less at 
the highest concentrations of CO

2
 (6, 7 and 8%) compared 

Table 1 - �Weight loss (%) of ‘Giombo’ persimmons, with tannins removed and submitted to modified atmospheres and stored at 0°C and 85-90% 
relative humidity for 35 days

Storage days control
Treatment

5%CO
2 
4%O

2
6%CO

2 
4%O

2
7%CO

2 
4%O

2
8%CO

2 
4%O

2
Averages

7 0.105±0.024 Aa 0.236±0.189 Ca 0.136±0.184 Aa 0.038±0.011 Aa 0.024±0.093 Aa 0.108±0.028

14 0.144±0.09 Aa 0.323±0.127 a 0.216±0.112 Aa 0.098±0.019 Aa 0.093±0.047 Aa 0.175±0.053

21 0.186±0.104 Aa 0.353±0.226 Ca 0.261±0.108 Aa 0.123±0.026 Aa 0.118±0.059 Aa 0.208±0.155

28 0.190±0.023 Ab 0.695±0.068 Ba 0.270±0.120 Ab 0.143±0.046 Ab 0.130±0.068 Ab 0.286±0.141

35 0.268±0.119 Ab 1.041±0.262 Aa 0.355±0.220 Ab 0.221±0,017 Ab 0.222±0.063 Ab 0.421±0.353

Averages 0.149±0.115 0.441±0.281 0.206±0.098 0.104±0.057 0.098±0.015

Small letters compare averages of different treatments on each day.
Upper case letters compare averages between different days.
Averages followed by at least one letter in common do not differ statistically.

Fig. 1 - �Respiratory activity (mg CO
2
.Kg -1. h-1) of ‘Giombo’ persim-

mons with tannins removed and submitted to modified atmo-
spheres and stored at 0ºC, 85-90% relative humidity for 35 days 
at different concentrations.
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to fruits exposed to 5% CO
2
 and 4% O

2
 which reached a 

peak on the 14th day of storage. The fruits exposed to 6, 
7 and 8% CO

2
 had maximum respiratory activity after 28 

days. The elevated concentrations of CO
2 
inhibited the re-

spiratory activity of the fruits.
The color of the fruits was not statistically different in 

fruits treated differently, as shown in Tables 2-4. No dark-
ening was seen on the surface of the fruits. The values of 
a* in the apical region of the fruits was less than that of the 
median or basal regions. Negative a* values were found 
only on the first day, indicating the presence of a green 
color and verifying that the fruits did ripen during stor-
age. This is in agreement with data reported by Chitarra 
and Chitarra (2005) who reported that the change in color 
is associated with ripening, which is a standard attribute 
for determining fruit quality. The increase in a* and b* 
color indices each reflected changes from yellowish-green 
to orangish-red.

Brackmann et al. (1997) reported that persimmons 
stored refrigerated at 5ºC did not show an appreciable 
change in color since low temperatures inhibit the biosyn-
thesis of carotenoids. The differences in color seen in the 
present study were due to differences at the time of col-
lection. Danieli et al. (2002) reported that ‘Fuyu’ persim-
mons that were collected when still yellowish-green even-
tually changed to red. Still, there were no such changes in 
the treatments in the current study. This is commercially 
important since coloration is a primary quality standard.

The amounts of soluble solids, titratable acidity and the 
ratio between the two are reported in Table 5, which shows 
that there is no significant change, regardless of dose of 
CO

2
 and storage time.

Working with the same cultivar, Antoniolli et al. (2000) 
found that there was little change in the amount of soluble 
solids, as confirmed also by the current study. Murray and 
Valentini (1998) reported that limits in the precision of 
the method and the many factors that affect soluble solids 
make it difficult at times to establish interactions between 
the process of maturation and the content of soluble sol-
ids. Thus, the amount of soluble solids serves best as a 
standard of quality rather than an index that measures the 
effects of storage.

The present study also verified that there is a slow in-
crease in the titratable acidity of the fruits during storage, 
with values ranging from 0.07 to 0.10 grams equivalents 
of malic acid per 100 g of pulp. According to Costa and 
Balbino (2002), the increase in titratable acidity is due to 
the formation of galacturonic acid during the process of 
breaking down cell walls, which occurs during fruit stor-
age. The ratios of soluble solids to titratable acidity varied 
little during storage.

The pH of the samples oscillated between 5.49 and 
5.87, as shown in Table 6. This is similar to the results 
reported by Blum et al. (2008) who found no change in pH 
or acidity in ‘Giombo’ persimmons that were covered with 
carnuba wax during cold storage. Therefore, the modified 
atmospheres used in the current study did not affect the pH 
very much.

One of the main concerns about storage is the rapid loss 
of firmness of the pulp, which makes fruits commercially 
unacceptable. Thus, the fact that the present study shows 
only small variations in firmness, as shown in Table 7, is 
important, and can be explained as a combination of cold 
storage in a modified atmosphere, each of which decrease 
metabolism and prolong shelf life.

Table 2 - �Luminosity (%) of caquis ‘Giombo’ persimmons with tannins 
removed and submitted to modified atmospheres and stored at 
0°C and 85-90% relative humidity for 35 days

Days of storage
Luminosity

Reg. apical Reg. mediana Reg. basal

0 45.3 ab 48.9 ab 46.6 a

7 44.3 b 48.4 b 45.6 ab

14 44.8 b 48.2 b 45.2 ab

21 45.3 ab 48.8 ab 44.7 b

28 46.2 a 49.3 a 45.2 ab

35 45.5 ab 49.3 a 46.0 ab

Averages followed by the same letter, lower case in columns and capital 
letters in rows do not differ significantly by the Tukey test at 5% prob-
ability.

Table 3 - �Color a* in ‘Giombo’ persimmons with tannins removed and 
submitted to modified atmospheres and stored at 0°C and 85-
90% relative humidity for 35 days

Storage days
Color a*

Reg. apical Reg. media Reg. basal

0 -0.1 d 0.5 d 1.4 d

7 2.5 cd 3.0 c 7.5 c

14 2.8 cd 3.1 c 7.3 c

21 6.7 b 9.8 b 11.8 b

28 12.5 a 15.8 ab 15.8 ab

35 15.6 a 18.9 a 18.3 a

Averages followed by the same letter, lower case in columns and capital 
letters in rows do not differ significantly by the Tukey test at 5% prob-
ability.

Table 4 - �Color b* in ‘Giombo’ persimmons with tannins removed, sub-
mitted to modified atmospheres and stored at 0°C and 85-90% 
relative humidity for 35 days

Storage days
Color b*

Apical Medium Basal

0 34.5 a 39.0 a 32.9 a

7 31.2 b 37.7 abc 32.1 a

14 32.6 b 36.7 bc 31.9 a

21 29.0 c 35.0 c 26.7 b

28 32.6 b 37.4 bc 28.1 b

35 32.1 b 38.9 abc 32.3 a

Averages followed by the same letter, lower case in columns and capital 
letters in rows do not differ significantly by the Tukey test at 5% prob-
ability.
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Table 5 - �Amounts of soluble solids (ºBrix), titratable acidity (g malic acid per 100 g of pulp) and ratio in ‘Giombo’ persimmons with tannins re-
moved and submitted to modified atmospheres and stored at 0°C and 85-90% relative humidity for 35 days

Treatments

Soluble Solids (SS)

AveragesStorage days

0 7 14 21 28 35

Control 17±0.3 15.7±0.2 16.9±1.8 17.4±1.5 14.4±1.9 17.4±0.5 16.5±1.6

5%CO
2 
4%O

2
17±0.3 16.5±0.9 15.8±0.9 16.6±2.0 15.7±1.0 17.0±0.8 16.5±1.1

6%CO
2 
4%O

2
17±0.3 16.8±0.2 15.9±0.9 16.4±0.7 15.3±0.5 15.6±0.2 16.2±0.8

7%CO
2 
4%O

2
17±0.3 18.1±1.0 16.8±0.7 16.8±0.3 15.2±0.3 17.0±0.8 16.8±1.0

8%CO
2 
4%O

2
17±0.3 15.8±0.6 16.9±0.4 16.9±1.6 15.4±1.0 16.1±0.6 16.4±1.0

Average 17A±0.3 16.6A±1.1 16.5A±1.03 16.8A±1.2 15.2B±1.0 16.6A±0.9

Titratable Acidity (TA)

Control 0.07±0.01 0.09±0.01 0.07±0.01 0.08±0.05 0.08±0.03 0.08±0.01 0.08±0.02

5%CO
2 
4%O

2
0.07±0.01 0.06±0.01 0.08±0.01 0.08±0.05 0.10±0.04 0.09±0.01 0.08±0.03

6%CO
2 
4%O

2
0.07±0.01 0.08±0.01 0.07±0.02 0.07±0.05 0.06±0.02 0.09±0.01 0.07±0.02

7%CO
2 
4%O

2
0.07±0.01 0.07±0.01 0.06±0.01 0.08±0.03 0.10±0.02 0.14±0.04 0.09±0.03

8%CO
2 
4%O

2
0.07±0.01 0.07±0.01 0.06±0.01 0.10±0.04 0.08±0.03 0.09±0.01 0.08±0.02

Average 0.07B±0.01 0.07B±0.01 0.07B±0.01 0.08AB±0.04 0.08AB±0.03 0.10A±0.03

Ratio

Testemunha 234±27 183±17 250±34 260±114 195±77 230.5±45 225.3±60

5%CO
2 
4%O

2
234±27 267±48 199±10 279±142 183±75 188.2±27 225.0±71

6%CO
2 
4%O

2
234±27 221±26 224±32 278±125 265±72 176.4±14 233.2±63

7%CO
2 
4%O

2
234±27 283±53 300±63 239±73 155±22 131.8±40 223.9±76

8%CO
2 
4%O

2
234±27 222±24 269±7 220±152 215±77 179.6±29 223.2±66

Averages 234AB±23 235AB±48 248.7AB±47.1 255.1A±107.6 202.4AB±68.8 181.3B±42.8

Averages followed by the same letter, lower case in columns and capital letters in rows do not differ significantly by the Tukey test at 5% probability.

Table 6 - �pH of ‘Giombo’ persimmons, with tannins removed and submitted to modified atmospheres and stored at 0°C and 85-90% relative humid-
ity for 35 days

Treatments
Days of storage

Averages
0 7 14 21 28 35

Control 5.87±0.28 5.50±0.03 5.52±0.16 5.63±0.13 5.83±0.12 5.91±0.24 5.71a±0.23

5%CO
2 
4%O

2
5.87±0.28 5.49±0.16 5.44±0.04 5.49±0.08 5.48±0.11 5.60±0.08 5.56b±0.20

6%CO
2 
4%O

2
5.87±0.28 5.50±0.07 5.48±0.08 5.60±0.12 5.52±0.05 5.68±0.14 5.61ab±0.19

7%CO
2 
4%O

2
5.87±0.28 5.52±0.11 5.46±0.13 5.44±0.09 5.44±0.02 5.54±0.06 5.55b±0.19

8%CO
2 
4%O

2
5.87±0.28 5.48±0.07 5,57±0.02 5.45±0.06 5.54±0.10 5.53±0.06 5.58ab±0.18

Averages 5.87A±0.24 5.50B±0.08 5.49B±0.01 5.52B±0.12 5.56B±0.16 5.65B±0.18

Averages followed by the same letter, lower case in columns and capital letters in rows do not differ significantly by the Tukey test at 5% probability.

Table 7 - �Firmness (gf.cm-2) of ‘Giombo’ persimmons, with tannins removed and submitted to modified atmospheres and stored at 0ºC and 85-90% 
relative humidity for 35 days

Treatment
Storage days

Averages
0 7 14 21 28 35

Control 671±48 497±26 515±295 568±207 378±204 378±320 501 b±209

5%CO
2 
4%O

2
671±48 579±86 651±75 786±43 627±76 732±253 674 ab±123

6%CO
2 
4%O

2
671±47 652±49 780±65 766±38 627±89 691±199 698 a±100

7%CO
2 
4%O

2
671±47 607±84 634±47 673±169 551±108 647±179 630 ab±1084

8%CO
2 
4%O

2
671±47 555±13 661±142 684±170 503±91 694±126 628 ab±1203

Averages 671AB±404 578AB±735 648AB±157 695A±145 537B±141 628AB±232

Averages followed by the same letter, lower case in columns and capital letters in rows do not differ significantly by the Tukey test at 5% probability.
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The activities of the enzymes PME and PG exhibit-
ed different tendencies during the 35 days of storage, as 
shown in Tables 8 and 9. In a previous study, enzyme ac-
tivities decreased, remained constant or increased during 
maturation, depending on the fruit and method of analysis 
(Lima et al., 2006) For the fruits tested in this study, there 
was a nearly linear increase in PME activity with storage 
time. However, there was little difference in the PME ac-
tivities of fruits that were exposed to 6, 7 and 8% CO

2
. A 

reduction in PG activity was also seen. It has been sug-
gested that this can be explained by the lack of substrate 
for the enzyme or the existence of other multi-enzyme 
complexes (Abeles and Takeda, 1989). Enzymes such as 
β-galatosidase and other cellular proteins could be acting 
in the destruction of the cell walls of the fruits, causing 
the extravasation of cellular fluids. It is also possible that 
proteases could have catalyzed the hydrolysis of PG.

Antunes et al. (Antunes et al., 2006) measured the ac-
tivities of PG and PME in blackberries (Rubus spp.) that 
were stored in different environments for different times. 
They concluded that the activity of PME increased during 
storage for all cultivars and storage conditions, while the 
activity of PG decreased. This was confirmed in the pres-
ent study on persimmons. 

There was a slow decrease in the amount of reducing 
sugars beginning on the 28th day of storage, as shown in 
Table 10.

The fruits had ascorbic acid levels ranging from 15.6 
to 40.4 mg per 100 ml, as shown in Table 11. The amount 
of ascorbic acid decreased with time. Silva et al., (2011) 
evaluated the quality of ‘Fuyu’ persimmons and verified 
that covering them with wax did not affect the levels of 
ascorbic acid. According to Chitarra and Chitarra (2005) 
vitamin C tends to decrease during the ripening and stor-

Table 8 - �Pectin methylesterase (UE.min-1.g-1 of fresh fruit) of ‘Giombo’ persimmons, with tannins removed and submitted to modified atmospheres 
and stored at 0ºC and 85-90% relative humidity for 35 days

Treatment
Days of Storage

0 7 14 21 28 35

Control 1343aF±85 3782aC±145 3320cE±140 3490aD±155 10898aA±385 10675aB±375

5%CO
2 
4%O

2
1343aF±85 2766bD±130 6081aA±415 2814cC±133 2057dE±125 4830bB±225

6%CO
2 
4%O

2
1343aF±85 2446dB±115 2520dA±130 1881eD±114 2074cC±125 1811eE±100

7%CO
2 
4%O

2
1343aF±85 2607cA±125 22389eB±128 1913dE±123 2056eC±125 1945dD±105

8%CO
2 
4%O

2
1343aF±85 1751eE±102 3879bA±149 3150bB±150 2174bD±130 2189cC±185

Averages followed by the same letter, lower case in columns and capital letters in rows do not differ significantly by the Tukey test at 5% probability.

Table 9 - �Polygalacturonase (min-1g-1 of fresh fruit) of ‘Giombo’ persimmons, with tannins removed and submitted to modified atmospheres and 
stored at 0ºC and 85-90% relative humidity for 35 days

Treatment
Storage days

0 7 14 21 28 35

Control 890 aA±143 548±95 aA 591±55 aB 341±55 bC 213±40 aC 206±86 aB

5%CO
2 
4%O

2
890 aA±143 453±60 aB 239±37 bC 473±71 bB 243±72 aB 143±84 bC

6%CO
2 
4%O

2
890 aA±143 89±4 bC 200±39 bC 648±14 aA 257±88 aA 394±15 aA

7%CO
2 
4%O

2
890 aA±143 432±268 aB 257±40 bC 374±30 bB 80±33 dD 175±43 cC

8%CO
2 
4%O

2
890 aA±143 333±25 aB 673±24 aA 241±83 cC 166±132 bC 102±47 bC

Averages followed by the same letter, lower case in columns and capital letters in rows do not differ significantly by the Tukey test at 5% probability.

Table 10 - �Reducing sugars (%) in ‘Giombo’ persimmons, with tannins removed and submitted to modified atmospheres and stored at 0ºC and 85-
90% relative humidity for 35 days

Treatment
Storage days

Average
0 7 14 21 28 35

Control 13.3±1.8 12.1±2.1 13.9±1.6 13.5±1.1 10.8±0.5 11.1±0.4 12.4±1.7

5%CO
2 
4%O

2
13.3±1.8 13.5±1.3 13.7±0.9 13.9±2.0 12.4±0.6 10.9±0.6 13.0±1.5

6%CO
2 
4%O

2
13.3±1.8 15.2±1.2 13.8±0.9 12.7±0.5 11.6±0.4 10.0±1.4 12.8±2.0

7%CO
2 
4%O

2
13.3±1.8 16.0±1.5 13.6±0.7 13.1±0.8 12.0±0.5 11.1±0.5 13.2±1.8

8%CO
2 
4%O

2
13.3±1.8 14.1±0.6 14.1±1.1 13.0±1.6 12.2±0.9 10.6±0.4 12.9±1.6

Average 13.3±1.8 14.2A±1.9 13.8A±0.93 13.2A±1.2 11.8B±0.8 10.7B±0.8

Averages followed by the same letter, lower case in columns and capital letters in rows do not differ significantly by the Tukey test at 5% probability.
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age of many fruits, due to the action of ascorbic acid oxi-
dase, other oxidative enzymes and/or peroxidases.

The astringency index of ‘Giombo’ persimmons that 
had their tannins removed and were exposed to modified 
atmospheres and were stored at 0°C had an index of 1 (no 
tannins) until the end of storage, which is in agreement 
with results reported by Núñez-Delicado et al. (2003) who 
reported that ethanol dissolves the tannins.

Refrigerated storage in active modified atmospheres 
is effective in preserving ‘Giombo’ persimmons. Fruits 
exposed to 7 or 8% CO

2
 gave the best results. This work 

should not be taken as reflecting FDA policy or regulations.
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1. Introduction

There are four main methods to establish turfgrasses 
from seeds: monoculture, seed blend, seed mixture and 
overseeding. In seed mixture, the species or genera of 
turfs are mixed together (Salehi, 2008). Mixture of spe-
cies has long been used for turf seedlings (Newell et 
al., 1996). Turf mixture, as opposed to a single species, 
broadens the genetic base, and thus increases the prob-
ability of providing pest resistance and tolerance to envi-
ronmental extremes (Newell et al., 1996). A turf consist-
ing of a mixture may not be as uniform as single species 
in appearance or texture. However, when disease or other 
injuries affect one species in the mixture, the resulting 
injury is generally not as severe as when affecting a lawn 
with a single species (Corman, 1955; Daniel et al., 1955; 
DeFrance, 1951).This method consists of three types of 
mixing including cool-cool season turf, cold-warm sea-
son turf and rarely warm-warm season turf seed mixtures. 
Mixture of cool-warm season turf may be useful for areas 
with inconsistent environmental conditions because each 
component in the mixture excels in a specific environ-

ment (Davis, 1958), especially in a transition zone (Ak-
bari et al., 2011; Salehi, 2008). For example, in Missouri 
(classified as a transition zone) bermudagrass and Ken-
tucky bluegrass are grown together (Dunn et al., 1994). 
Bermudagrass dominates in the summer, while Kentucky 
bluegrass in the cooler months of fall and spring (Daniel 
et al., 1955). Early investigations to mix bermudagrass 
with cool season species were often unsuccessful be-
cause of the dominance of bermudagrass during summer 
months (Beard, 1973; Davis, 1958). This problem could 
be solved by:

i) �Using warm season grasses with lower dominance 
in order to get a lower competition between the 
species. There is no known report on this method 
(Salehi, 2008).

ii) �Using more aggressive cool-season turf may lessen 
the advantage for bermudagrass in summer and 
may make a permanent, balanced, cool-warm sea-
son mixture more practical than in past years (Da-
vis, 1958; Turgeon, 1991).

iii) �Using growth inhibitors for warm-season turfs in 
the first summer after planting to prevent exceed-
ing growth or using accelerator hormones in the 
first spring and fall after planting for more growth 
of cool season turfs (Salehi, 2008).

Comparison of tall fescue (Festuca arundinacea Schreb.) 
and common bermudagrass  (Cynodon dactylon [L.] Pers.)

turfgrasses and their seed mixtures
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Misiha (1991) compared different turfgrass seed mix-
tures and demonstrated that the mixture of Poa praten-
sis L. ‘Entopper’ with Festuca rubra L. ‘Hareld’ had 
the best establishment rate and highest chlorophyll con-
tent, plant density, and clipping dry weight. Newell et 
al. (1996) indicated that Lolium perenne L. and Festuca 
rubra L. seed mixture had the best wear tolerance. Salehi 
and Khosh-Khui (2004) used Lolium perenne L., Cyn-
odon dactylon (L.) Pers., Poa pratensis L. and Festuca 
rubra L. in mixtures of 1:1 (by weight) and a 1:1:1:1 (by 
weight) and two sport turfgrass cultivars, BAR11 (Baren-
brug Co.) and MM (Mommersteeg Co.). The seeds were 
sown in March and October in two years. The turfgrasses 
were compared by measuring visual quality, chlorophyll 
index after winter and summer, rooting depth, verdure 
and/or root fresh and dry weight, tiller density, and clip-
pings fresh and dry weight. They showed that fall sow-
ing was superior to spring sowing and resulted in greater 
root growth, clippings yield, and chlorophyll content. 
Poa+Cynodon seed mixture was the best treatment and 
showed high tiller density, root growth, and chlorophyll 
content. They concluded that the cool-warm season seed 
mixture (Poa+Cynodon) can be used alternatively in 
overseeding programs in transition zone areas similar to 
Shiraz, Iran.

Following the study by Salehi and Khosh-Khui 
(2004), Akbari et al. (2011) compared Poa and Cynodon 
turfgrasses and their seed mixtures. In this research turf-
grasses Kentucky bluegrass (Poa pratensis L. ‘Merion’) 
and common bermudagrass (Cynodon dactylon [L.] 
Pers.), in monoculture or in mixtures of 0 to 100%, based 
on number of seeds, were used. Perennial ryegrass (Lo-
lium perenne L. ‘Barball’), a common turf in the cam-
pus of Shiraz University, was used as control. The seeds 
were sown in October in two years. The turfgrasses were 
compared by measuring visual quality after winter and 
summer, chlorophyll index after winter and summer, 
rooting depth, verdure and/or root fresh and dry weight, 
tiller density, and clippings fresh and dry weight. Poa 
monoculture showed high tiller density, root fresh and 
dry weight and total fresh and dry weight. Lolium mono-
culture showed high rooting depth after winter and clip-
pings fresh and dry weights. Cynodon monoculture qual-
ity was poor with regard to many characteristics, mainly 
due to fall sowing. The seed mixture composed of 20% 
Cynodon + 80% Poa was the best treatment and resulted 
in the highest rooting depth after summer, verdure fresh 
and dry weights, chlorophyll index after winter and sum-
mer, visual quality after winter and summer, and a good 
turf according to the other characteristics. Based on good 
characteristics of recently coming cool season Festuca 
arundinacea Schreb. cultivars to Shiraz, we proposed to 
test the performance of cool-warm season seed mixtures 
of a cultivar of this species with common bermudagrass 
in the same location as previous report. To the best of our 
knowledge there is no report of testing the seed mixture 
of this species with bermudagrass.

2. Materials and Methods

Characteristics of experimental location
Studies were conducted at the experimental farm of 

the Department of Horticultural Science, College of Ag-
riculture, Shiraz University, Shiraz, Iran, at Bajgah, 1810 
m above mean sea level, 52°32’ E and 29°36’ N, with 
Daneshkadeh soil series (fine, mixed, mesic, Calcixerol-
lic Xerochrepts, pH=8), from 2007 to 2008. The meteoro-
logical data for the experimental site is shown in Table 1. 
Long-term averages of maximum and minimum tempera-
tures are 38°C and -9°C, respectively and yearly precipita-
tion at this site is 400 mm.

Treatments
The species used in this study were Festuca arundi-

nacea Schreb. ‘Starlet’ and Cynodon dactylon [L.] Pers. 
(California origin) in monoculture or in different mixture 
(by number of seed) and Lolium perenne L. cultivar Squire 
in monostand. In this investigation perennial ryegrass was 
used as control (Table 2). Turfgrass plots were established 
by directly sowing the seeds at two times, April and Octo-
ber, in 2007.

Management practices during investigation
Turfgrasses were irrigated every week in spring, every 

four days in summer, and every ten days in fall and every 
month in winter. It was enough to moisten the soil with-
out overwatering. Turfgrasses were mowed at 5 cm height 
with an electrical mower. Weeds were manually removed. 
In this study no fertilizer was used.

Table 1 - �Monthly average of temperature and precipitation (from April 
2007 to August 2008)

Year Month
Precipitation 

(mm)
Minimum T

(°C)
Maximum T 

(°C)
Average T 

(°C)

2007 April 138.5 -3 24.5 11.56

May 3 2 30.5 17.37

June 0 7.8 38 22.07

July 2.5 12.4 38 25.86

August 0 9 36 24.16

September 0 6 36 21.26

October 0 3 29.5 15.79

November 0 -5 26.5 11.34

December 0 -12.3 18.5 3.4

2008 January 34 -14.8 12.6 0.5

February 35 -13.7 20 3.5

March 0 -9.6 22.2 7.5

April 3.5 -3 29 14

May 0 1.4 32.5 17.3

June 0 5 38 22.4

July 0 10.6 39 25.1

August 0 13 38 24.2
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Measurements
Tiller density, verdure fresh and dry weight, clippings 

fresh and dry weight, root fresh and dry weight and total 
fresh and dry weight were measured after summer (Octo-
ber). Chlorophyll index and mean root depth and visual 
quality were measured after summer and winter (October 
and March, respectively).

Visual quality was assessed periodically throughout 
and after each growing season using a ranking scale from 
0 to 9, 0= no live turf; 9= ideal shoot density, winter and 
summer color, and uniformity. Clippings and verdures 
were collected 20 days after mowing from 5 cm above the 
ground.

To measure dry weight, the materials were dried out at 
60°C for 48 h. All data were measured for 100 cm2 sub-
samples in each plot. A random subsample of each plot 
was collected using a 10×10×50 cm metal block inserted 
into the soil. Then, the samples were soaked in tap wa-
ter and soil was removed. After cleaning and air drying, 
plant samples were transferred to the laboratory for fur-
ther measurements. Chlorophyll index (mg 100 cm-2) was 
measured by spectrophotometric methods (by Spectronic 
20D device) at 645 and 663 nm wavelengths (Salehi and 
Khosh-Khui, 2004).

Experimental design and data analysis
Experiments were conducted in 2×12 split block de-

sign with factorial arrangements, sowing season (spring 
and fall) as main plot and seed mixtures as subplot, and 
four replications in each treatment. Individual plots mea-
sured 4 m2 (1×4 m). Data were analyzed using MSTAT-C 
program and the mean comparisons were made following 
Tukey’s test at p ≤0.05.

3. Results

Average root depth after summer
Results show that with spring sowing, there was no 

significant difference among all the seed mixtures’ aver-
age root depth after summer. However, with fall sowing, 
the increase of tall fescue percentage led to greater root 
depth in the soil. The deepest root system was observed 
in treatment 1 with fall sowing composed of 100% seeds 
of tall fescue. Comparing averages of spring and fall 
sowing data, it is clear that the average root depth with 
fall sowing is greater than spring sowing (Table 3).

Average root depth after winter
With spring sowing the deepest root system belonged 

to the treatment composed of 100% tall fescue seed; 
decreasing the percentage of tall fescue seed, the root 
depth decreased. The deepest root system with fall sow-
ing was found in Lolium monoculture, followed by the 
mixture with 90% tall fescue and 10% bermudagrass. 
By decreasing the percentage of tall fescue seeds, root 
depth decreased, except between treatments 4 and 5, in 
fall sowing and after winter. Averages of spring and fall 
sowing data indicate that the highest proportion of the 
root system grows near the soil surface with fall sowing 
(Table 3).

Tiller density
The average tiller density with spring sowing was 

found to be higher than with fall sowing. In spring, the 
mixture composed of 60% tall fescue and 40% bermu-
dagrass had the highest tiller density and bermudagrass 
monoculture had the lowest; in fall, Lolium monoculture 
had the highest and bermudagrass monoculture had the 
lowest (Table 3).

Root fresh and dry weight
According to the results obtained, with the spring sow-

ing, the mixture composed of 70% tall fescue and 30% 
bermudagrass produced the heaviest root system. With a 
decreasing percentage of tall fescue seeds, root system 
weights decreased. Therefore, the lowest root weight 
with spring sowing was observed in bermudagrass mono-
culture. With the fall sowing, the mixture composed of 
80% tall fescue and 20% bermudagrass produced the 
heaviest and the 10% tall fescue and 90% bermudagrass 
mixture produced the lightest root systems (Table 3).

Clippings fresh and dry weight
Maximum values for clippings fresh and dry weights 

were found with the spring sowing of 60% tall fescue 
and 40% bermudagrass mixture. However, there was 
no significant difference (p≤0.05) for treatments 1 to 6. 
Furthermore, increasing the percentage of bermudagrass 
seeds (up to 40%), clippings weight increased and then 
decreased. With the fall sowing, the maximum clippings 
weight belonged to the mixture with 90% tall fescue and 
10% bermudagrass. However, by decreasing the percent-
age of tall fescue seeds the weight decreased. Indeed, the 
lowest clippings weight was found with bermudagrass 
monoculture. Averages of spring and fall sowings data 

Table 2 - Seeding rate of turfgrasses used (by percentage and weight)

Treatment 
number

Cynodon
(%)

Lolium
(%)

Festuca
(%)

Cynodon
(g m-2)

Lolium
(g m-2)

Festuca
(g m-2)

1 0 0 100 0.0 0 46.0

2 10 0 90 0.7 0 41.4

3 20 0 80 1.4 0 36.8

4 30 0 70 2.1 0 32.2

5 40 0 60 2.8 0 27.6

6 50 0 50 3.5 0 23.0

7 60 0 40 4.2 0 18.4

8 70 0 30 4.9 0 13.8

9 80 0 20 5.6 0 9.2

10 90 0 10 6.3 0 4.6

11 100 0 0 7.0 0 0.0

12 0 100 0 0.0 50 0.0
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showed that clipping weights (both fresh and dry) of fall 
sowing was more than spring sowing (Table 4).

Verdure fresh and dry weight
Spring sowing results reveal that the maximum verdure 

fresh and dry weights belonging to the mixture composed 
of 60% tall fescue and 40% bermudagrass. However, it was 
not significantly different in treatments 4 and 6. With fall 
sowing, the 70% tall fescue and 30% bermudagrass mixture 
produced the maximum verdure weight. However, it was 
not significantly different in treatments 2 to 7 and 12 and tall 
fescue monoculture. Furthermore, averages of spring and 
fall sowing data show that verdure fresh and dry weights 
were greater in spring sowing than fall sowing (Table 4).

Total fresh and dry weight
The maximum total fresh and dry weights with spring 

sowing were found in treatment 5 (60% tall fescue and 40% 
bermudagrass). However, the values were not significantly 
different from treatment 4. The minimum total weight with 
spring sowing was observed in bermudagrass monoculture. 

With fall sowing, maximum and minimum total weights 
were noted in treatments composed of 80% tall fescue and 
20% bermudagrass and bermudagrass monoculture, respec-
tively. Furthermore, the average total weight of spring sow-
ing was more than fall sowing (Tables 4 and 5).

Chlorophyll index after winter
With regard to chlorophyll, results showed that with 

spring sowing, the maximum index belonged to the 70% 
tall fescue and 30% bermudagrass mixture. A decrease in 
tall fescue seeds percentage led to a decrease in chlorophyll 
index. With fall sowing, the maximum index was found 
with the 90% tall fescue and 10% bermudagrass mixture 
(treatment 2). However, there was no significant difference 
between this treatment and treatments 3 and 4 (Table 5).

Chlorophyll index after summer
As for the chlorophyll index after summer, with spring 

sowing, treatment 3 gave the maximum chlorophyll index, 
however there was no significant difference between this 
treatment and treatments 1 and 2; the minimum index was 

Table 3 - Effects of different seed mixtures and sowing times on some biological characteristics of the turfgrasses used

Sowing
season

Treatment number
Average root depth after 

summer (cm)
Average root depth 
after  winter (cm)

Tiller density
(no 100 cm-2)

Root fresh weight 
(g)

Root dry weight 
(g)

Spring 1 26.25 c-f* 33.37 a 175 de 53.75 cd 22.40 bc

2 25.37 c-f 33.25 a 180 cd 52.50 cd 21.00 c

3 23.75 e-h 31.50 ab 186 bcd 51.80 cde 20.34 cd

4 23.25 e-h 29.62 bc 193 ab 59.75 bc 22.98 bc

5 22.50 fgh 29.00 bcd 194 ab 57.87 bc 22.26 bc

6 25.00 c-g 28.75 bcd 179 cde 44.60 def 16.86 de

7 23.25 e-h 28.75 bcd 155 fg 42.50 efg 15.74 ef

8 24.75 d-g 26.87 c-f 141 hi 40.75 fg 14.87 efg

9 24.62 d-g 27.12 cde 129 ij 34.25 gh 12.32 fgh

10 24.50 d-g 25.87 def 124 jk 22.75 ij 7.84 ij

11 23.75 e-h 24.12 efg 116 kl 19.87 ij 6.56 j

12 26.75 cde 32.25 ab 178 cde 35.70 fgh 11.57 gh

Average 24.48 B 29.21 A 162.8 A 43.02 A 16.22 A

Fall 1 33.62 a 23.50 fg 183 bcd 66.00 ab 27.50 a

2 33.25 a 24.50 efg 185 bcd 66.87 ab 26.96 a

3 31.75 ab 24.12 efg 190 abc 69.87 a 27.95 a

4 31.75 ab 22.12 gh 177 de 64.12 ab 24.85 ab

5 28.75 bc 24.00 efg 167 ef 57.62 bc 21.83 bc

6 27.75 cd 19.62 hi 152 gh 35.60 fgh 13.49 e-h

7 25.00 c-g 19.37 hi 148 gh 34.37 gh 12.88 fgh

8 24.00 c-g 16.87 ij 130 ij 29.12 hi 10.48 hi

9 23.37 e-h 14.12 jk 105 lm 19.00 j 6.78 j

10 21.12 gh 12.75 k 96 m 13.75 j 4.79 j

11 20.00 h 11.62 k 77 n 14.37 j 4.79 j

12 31.75 ab 25.12 efg 198 a 42.32 fg 12.81 fgh

Average 27.68 A 19.81 B 151 B 42.75 B 15.27 B

* �In each column, means followed by the same letter(s) (small letters for means and capital letters for main averages) are not significantly different 
at 5% level according to Tukey’s test.
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found with treatment 11. With fall sowing, maximum and 
minimum chlorophyll indices were found with treatments 
2 and 11, respectively. Averages of spring and fall sowing 
data showed that the chlorophyll index for spring sowing 
is significantly greater than fall sowing (Table 5).

Visual quality after summer
With spring sowing, treatment 5 gave grasses with the 

best visual quality. However, there was no significant dif-
ference between treatments 2 to 7, and tall fescue, ber-
mudagrass and Lolium monocultures. With fall sowing, 
treatment 3 gave the best visual quality; there was no sig-
nificant difference between this treatment and treatments 
2 to 5, and tall fescue and Lolium monocultures. Further-
more, the average visual quality of spring sowing was 
greater than fall sowing (Table 5).

Visual quality after winter
The best average of visual quality with spring sowing 

was found with the treatment composed of 100% Lolium 
and, generally, by decreasing the percentage of tall fescue 

seeds the visual quality decreased. However, visual qual-
ity after winter increased between treatments 2 and 3, and 
also between 4 and 5. With fall sowing, Lolium monocul-
ture gave the best average visual quality. In the mixtures, 
the 80% tall fescue and 20% bermudagrass mixture gave 
the best visual quality and the worst was found with ber-
mudagrass monoculture. Averages of spring and fall sow-
ings data showed that visual quality with spring sowing is 
more than fall sowing (Table 5).

4. Discussion and Conclusions

Average root depth after summer
There were no significant differences among different 

seed mixtures’ root depth with spring sowing, maybe be-
cause their growth took place at the same time in spring. 
Maximum root depth in spring belonged to Lolium, based 
on its powerful germination and growth at the beginning of 
culture (Christians 2004; Salehi 2008; Akbari et al., 2011). 
With fall sowing, by increasing the tall fescue seed per-

Table 4 - Effects of different seed mixtures and sowing times on some biological characteristics of the turfgrasses used

Sowing
season

Treatment
number

Clippings fresh 
weight (g)

Clippings  
dry weight (g)

Verdure fresh 
weight (g)

Verdure dry weight 
(g)

Total fresh weight (g)

Spring 1 8.00 de* 1.68 efg 16.75 d-g 5.46 def 78.50 de

2 7.95 def 1.69 efg 23.37 b 7.30 ab 83.82 cd

3 7.95 def 1.69 efg 21.62 bc 6.36 bcd 81.45 d

4 8.17 de 1.77 def 24.87 ab 7.23 ab 92.80 abc

5 8.60 cd 1.91 cde 27.00 a 7.71 a 93.47 abc

6 7.90 def 1.76 d-g 23.75 ab 6.74 abc 76.27 de

7 6.97 efg 1.58 fgh 19.12 cde 5.31 def 68.60 efg

8 6.42 gh 1.48 gh 16.87 d-g 4.60 f-i 64.05 fgh

9 5.00 ij 1.18 ij 15.50 fgh 4.17 g-j 54.75 hi

10 4.17 ijk 1.01 jk 14.50 ghi 3.87 h-k 41.42 jk

11 3.20 kl 0.80 kl 10.77 jk 2.83 kl 33.85 kl

12 6.90 efg 1.37 hi 17.37 d-g 4.96 efg 60.02 fgh

Average 6.77 B 1.49 B 19.29 A 5.54 A 69.08 A

Fall 1 10.65 ab 2.26 ab 16.25 e-h 5.41 def 92.60 abc

2 11.20 a 2.38 a 17.12 d-g 5.38 def 95.20 ab

3 11.15 a 2.36 a 18.62 c-f 5.85 cde 99.65 a

4 9.75 bc 2.13 abc 19.62 cde 5.85 cde 93.50 abc

5 9.12 cd 1.99 bcd 18.62 c-f 5.46 def 85.37 bcd

6 8.37 d 1.88 cde 18.62 c-f 5.46 def 62.62 fgh

7 6.60 fg 1.50 fgh 17.00 d-g 4.83 e-h 57.97 ghi

8 5.12 hi 1.19 ij 13.12 hij 3.70 ijk 47.37 ij

9 3.75 jkl 0.88 kl 11.75 ij 3.25 jk 34.50 kl

10 2.52 lm 0.61 lm 10.87 jk 2.93 kl 27.15 l

11 1.72 m 0.43 m 8.10 k 2.16 l 24.20 l

12 7.95 def 1.59 fgh 19.77 cd 5.63 def 70.05 ef

Average 7.32 A 1.60 A 15.79 B 4.58 B 65.87 B

* �In each column, means followed by the same letter(s) (small letters for means and capital letters for main averages) are not significantly different 
at 5% level according to Tukey’s test.
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centage, the average root depth increased because tall fes-
cue had good growth in early autumn while at the same 
time bermudagrass growth was very weak as it is a warm-
season turfgrass. 

Average root depth after winter
With spring sowing, maximum root depth belonged 

to tall fescue monoculture. Moreover, with increased tall 
fescue seed percentage in spring sowing, the growth of 
bermudagrass became slow with the beginning of the fall 
season, however Lolium and tall fescue grew continuously. 
With fall sowing, maximum root depth was found with Lo-
lium because of its power to germinate. An increase in tall 
fescue seed percentage led to root depth increases because 
tall fescue goes into dormancy slowly and with increased 
temperature growth starts early.

Tiller density
With both sowing times, minimum tiller density was 

found with bermudagrass, which confirms the results of 
Akbari et al. (2011). Furthermore, with increasing tall fes-

cue seed percentage, tiller density increased, which may 
refer to its power of tiller production.

Root fresh and dry weight
Increasing bermudagrass seed percentage led to de-

creases in root weight for both the sowing times, confirm-
ing the results of Akbari et al. (2011).

Clippings and verdure fresh and dry weight
With spring and fall sowing times, maximum weight 

was found in treatment 5 (60% tall fescue) and treatment 
2 (90% tall fescue), respectively for clippings; and treat-
ment 5 60% (tall fescue) and treatment 4 (70% tall fescue), 
respectively for verdure weight. Because tall fescue has 
good shoot growth, increasing its seed percentage increas-
es clippings weight. However, this character is not suitable 
because it means increased mowing. 

Total fresh and dry weight
Maximum total weights were found among treatments 

composed of higher percentages of tall fescue seeds; with 

Table 5 - Effects of different seed mixtures and sowing times on some biological characteristics of the turfgrasses used

Sowing
season

Treatment number
Total dry weight

(g)

Chloropyll
index after

winter**

Chlorophyll
index

after summer**

Visual quality
after summer

Visual
quality

after winter

Spring 1 29.53 cd* 2.10 cd 9.38 ab 8.25 ab 8.00 a-d

2 29.99 cd 2.07 cd 9.41 a 7.75 a-d 7.75 a-e

3 28.40 de 2.07 cd 9.47 a 8.37 ab 8.12 a-d

4 31.99 bcd 2.28 abc 9.05 b 8.37 ab 8.12 a-d

5 31.89 bcd 1.94 def 8.60 c 8.87 a 8.37 abc

6 25.35 ef 1.74 fg 8.27 cde 8.37 ab 7.00 b-f

7 22.64 fg 1.41 h 8.00 ef 8.00 ab 6.37 def

8 20.97 gh 1.07 i 7.79 fg 7.12 b-e 6.00 efg

9 17.67 hi 0.74 j 7.54 gh 6.62 cde 5.25 fg

10 12.73 hi 0.45 k 7.29 hij 7.12 b-e 2.87 hi

11 10.19 kl 0.09 l 7.04 j 7.75 a-d 0.00 k

12 17.90 hi 1.61 gh 8.19 de 8.62 a 8.87 a

Average 23.27 A 1.47 B 8.34 A 7.93 A 6.39 A

Fall 1 35.17 ab 2.24 bc 9.32 ab 8.50 a 8.37 abc

2 34.74 ab 2.47 a 9.36 ab 8.50 a 8.50 abc

3 36.12 a 2.37 ab 9.30 ab 8.87 a 8.75 ab

4 32.84 abc 2.32 ab 8.60 c 8.50 a 8.12 a-d

5 29.84 cd 2.00 de 8.41 cd 7.87 abc 7.87 a-d

6 20.74 gh 1.79 efg 8.06 def 6.25 ef 6.75 c-f

7 19.20 ghi 1.52 h 7.83 fg 5.87 efg 5.37 fg

8 15.38 ij 1.05 i 7.53 gh 5.00 fgh 4.50 gh

9 10.39 kl 0.84 j 7.39 hi 4.87 gh 1.87 ij

10 8.34 l 0.35 k 7.16 ij 4.37 h 1.00 jk

11 7.38 l 0.03 l 6.54 k 6.50 de 0.00 k

12 20.03 gh 1.82 ef 8.22 de 8.78 a 9.00 a

Average 22.51 B 1.57 A 8.14 B 6.99 B 5.84 B

* �In each column, means followed by the same letter(s) (small letters for means and capital letters for main averages) are not significantly different 
at 5% level according to Tukey’s test. **mg 100 cm-2.
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increasing bermudagrass seed percentage, total weight de-
creases, especially with fall sowing. 

Chlorophyll index after winter and summer
After winter, the chlorophyll index in bermudagrass 

was very low because it is a warm season turf and in winter 
its shoots become chlorotic. However, tall fescue and Lo-
lium shoots remain green during winter. After summer, all 
the mixtures increased the chlorophyll index of shoots in 
all the seed mixtures. Furthermore, by lowering the plant 
density of tall fescue, light can penetrate more easily and 
thus the chlorophyll index becomes greater than tall fescue 
monoculture.

Visual quality after summer and winter
Visual quality has a direct correlation with chlorophyll 

index: as chlorophyll index increases, so does visual qual-
ity. Furthermore, visual quality depends on weed density 
and in mixtures with more bermudagrass the number of 
weeds increases, particularly with fall sowing.

Among Festuca and Cynodon seed mixtures, 80%F + 
20%C was selected as an excellent turfgrass mixture in this 
study, with regard to all the positive characteristics except 
tiller density. This seed mixture established a fine, green 
color throughout the year. Furthermore it can be used al-
ternatively in overseeding programs in areas with soil and 
environmental conditions similar to the present investiga-
tion site. Additional studies are needed to investigate the 
best cultural conditions of this selected seed mixture.
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BOOK REVIEWS

IL TEMPIO DELLA NOTTE. ARCHITETTURA IPOGEA NEI GIARDINI PAE-
SAGGISTICI. Breda M.A. Giardini e Paesaggio, Vol. 35. Leo S. Olschki, Florence 
(Italy), 2012, pp. 112. ISBN 978-88-222-6194-6. € 23.00.

In this 35th volume in the “Giardini e Paesaggio” series Maria Chiara Zerbi, in her pre-
sentation, underlines that the book is the result of many years of enthusiastic work and that 
through it the reader can appreciate these “architecturally secret places that were found in 
what were once private gardens but are now part of public lands, neglected and in need of 
restoratotion and consolidation to restore the original quality”.

The author brings to this work many years of experience as a historian of garden archi-
tecture and history and treats in this book a unique theme: the Temple of the Night, an un-
derground architectural element, or rather an environment within a grotto found in English-
style gardens in Italy between the end of the 18th and beginning of the 19th centuries, and 
probably influenced by Germany models.

The book deals with two cases studied in depth by the author and highlights her ability to observe and compare, to 
recognize different situations for what they are, and to bring these aspects together through systematic study. She success-
fully presents the data through drawings and photographs, which make the book pleasant to read and easy to understand.

The first of the two cases, the temple created within one of the artificial grottoes in the park of the Conte Ambrogio 
Uboldo at Cernusco sul Naviglio, is known to specialists but has not been studied before. The second is a previously-
unknown temple uncovered by chance in the park of Villa Batthyany near Gorla (in the province of Milan). 

This is an interesting contribution – both scientifically and historically-culturally – to the vast literature in landscape 
studies. The reader will discover new and significant knowledge through this unique book that escapes easy definition. 
Indeed, its originality renders the book special for the specific topic, and especially as a way to know more about hidden 
architecture that until a few years ago essentially unknown. 

Francesco Ferrini 

Pietro Porcinai a Pistoia e in Valdinievole. Bucelli C.M., and C. 
Massi (eds.). Giardini e  Paesaggio, Vol. 34. Leo S. Olschki, Florence (Italy), 2012, 
pp. XIV+376. ISBN 978-8822-6162-5. € 39.00.

Pietro Porcinai, one of the great landscapists, worked in Pistoia and the Valdinievole 
area from the early 1930s to the 1980s. As explained in the presentation of this volume, 
his concern for the social aspect of gardens - as a healthy environment for recreation and 
sport, as a place to play, as well as for urban living and as an extension for the suburbs - is 
particularly evident around Pistoia. Examination of his masterpieces in the province of Pi-
stoia is fundamental in the study of his vast and important production. This volume aims to 
gain greater insights into the link between the artist and the Pistoia landscape, with the idea 
that the matrices and points of reference for many of his projects in the area come from the 
atmosphere around him, and is a further testament to the role Porcinai’s work has played, 
and continues to play in garden design.

Supported by the experience and careful attention of the two editors, the book is a valuable guide to the work of this 
landscapist. Through its interesting text, personal stories, drawings, past and present images, the volume is also a fascinat-
ing work of art in itself and will be appreciated as an enrichment of the current literature on this topic, meeting the needs 
of technicians and students and an ever-increasing number of enthusiasts. Clearly, the meticulous genius of Porcinai shines 
through, demonstrating that there is still much to know about him and his important work. 

Francesco Ferrini
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