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Abstract

Many factors involved the regreening process of “Valencia” oranges under warm
climate. Researchers focused on the difference between day and night temperatures
in relation to the regreening process. This study paid a special attention to the branch-
bearing fruits whether its temperature or its nitrogen content before the regreening
process till appearance of regreening. In addition, growth degree hours (GDH), which
took into consideration the duration of effective temperature from sunrise to sunset
considering the minimum degree as 13°C was also studied. Thus, the main objective of
this study was to evaluate the role of the branch-bearing fruit temperature and nitrogen
content on the regreening process during 2012 and 2013 seasons. The results proved
that regreened “Valencia” fruits were growing on branches with greater nitrogen
content, higher temperature and GDH. Furthermore, there were a high correlation
between cumulative nitrogen content, temperature of branch-bearing fruits and GDH
and the incidence of regreened “Valencia” oranges. Moreover, warm temperature
throughout the season especially the period preceding harvest enhanced the uptake of
nitrogen which reflected on more regreened “Valencia” oranges.
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Introduction

Color is considered to be one of the most important external
factors of fruit quality, as the appearance of the fruit greatly influences
consumer preference when purchasing citrus fruit. In general,
consumers prefer a deep orange-colored fruit.! Valencia orange has
been considered as one of the most successful cultivars under Egyptian
conditions. This cultivar is characterized by its high yield, high fruit
quality, heavy load, medium size and round fruits. It is smaller than
the “Washington Navel”, with a thinner, tighter rind, far juicier, richer
in flavor and almost seedless. The fruits on the trees will regreen if
left there during spring or hot summer (loses their orange color and
turn green at the stem end). The marketing season of the fruit in Egypt
extends from February to June. However, most fruits are harvested
during the period from the beginning of February.

In the tropics, the green peel color caused by high temperatures
which prevent the breakdown of chlorophyll. The remaining
chloroplasts in the flavedo throughout fruit development, in contrast
to cooler areas where chlorophyll disappears and chloroplasts
are converted to chromoplasts.> The regreening process has been
attracting the concur of researchers since it adversely affect the fruit
marketability. The main factors involved in the regreening process
remained controversial. Coggins et al.’ reported that warm air
temperatures (30°C/15°C, day/night) decreased the carotenoid level,
whereas cool air temperatures (20°C/15°C, day/night) increased
the carotenoids content of “Valencia” orange fruits. However, no
correlation was found between carotenoid biosynthesis and soil
temperature.

Eventhougth the temperature of branch-bearing fruits is very
significant since it could affect its activity especially in absorbing
and translocation of some nutrients such as nitrogen, the major
focus of researchers was on the difference between day and night
temperatures. Nitrogen is the dominant nutrient element that affects
fruit quality. High nitrogen rates, On the other hand, were found
to lead to the formation of more green fruit. In addition, excess N
(160kg/ ha/annum) delayed rind color formation and increased the
amount of green fruit at harvest from 18.3% to 31.8%.*

Many other factors have been involved in the regreening process
of “Valencia” oranges especially under warm climate.® This study paid
a special attention to the branch-bearing fruits whether its temperature
or its nitrogen content. It also investigated the effect of GDH during
the day in relation to the incidence of regreening. Thus, the objective
of this study was to evaluate the role of the branch-bearing fruit
temperature and nitrogen content on the regreening process.

Materials and methods

The present study was conducted during the two successive
seasons 2012 and 2013 using nine years old “Valencia” Orange
trees (Citrus sinensis L.) spaced at 4x5m (4m between trees and Sm
between rows). Trees were grown in private orchard at El Boustan
region, Behira governorate, Egypt. Fifty uniform trees, free from
various physiological and pathological disorders were selected for
investigation. Trees were budded on “Volkameriana” lemon (Citrus
volkameriana) rootstock and received the standard agricultural
practices. Soil texture was sandy and drip irrigation system was
adopted. The following procedures were monitored throughout the
study:

Temperature measurement

Four branches located at the northern half of each tree were labeled.
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Branch temperature at the point of forming the lateral branches
bearing the fruits was monitored throughout the period duration from
February; 24" to March; 6" in 2012 season, and from February; 22
to March; 15" in 2013 season, until the incidence of regreening. At
midday, the branch temperature was detected by touching the probe at
a fixed spot (the sub-branching spot of the main one) using a digital
thermometer (Extech instruments, Type-K Digital Thermometer,
Model: EAT1A).

Growth Degree Hours (GDH)

GDH was employed to study the duration of effective temperature
from sunrise to sunset considering the minimum degree as 13°C
(Temperature base).

The following equation was used to calculate GDH:
Growth degree hours (GDH) (Ta-T base)xNH.
Where,

Ta: average daily air temperature.

T Dbase: the threshold temperature wusing threshold
temperature limits of 13°C, this limit is in agreement with.°
NH: number of hours from sunrise to sunset.

Leaf sample analysis

Ten leaves (first fully expanded mature leaf) in each sample were
taken from the middle of fruiting shoots around the periphery of tree.’
Samples were taken throughout the duration period from February 24
to March 16 in the first season, and from February 22 to March 15
during the second season, until the incidence of regreening. Samples
were carefully placed in plastic bags and transferred from the orchard
to the laboratory as quickly as possible for analysis. Each sample
was washed with tap water to remove dust and possible remains of
pesticides, then first dried in the laboratory in an airy place under
room temperature (22+2°C) then transferred to a furnace a (60+5°C)
for 72hours. after reaching to a consistent weight, the material was
finally ground and homogenized. The dried and ground samples were
stored in paper bags in a cool and dried place protected against direct
exposure to sun light. Half gram of ground samples were digested
using 2.5ml sulphuric acid concentration and hydrogen peroxide
according to Evenhuis et al.® The clear digest was quantitatively
transferred to 100ml volumetric flask. In this solution, total nitrogen
percentage was determined. Nitrogen was calorimetrically determined
according to Evenhuis.’

Regreened “Valencia’ orange surveyed

The number of “Valencia” orange trees bearing regreened fruits
was surveyed and counted after the period (from February; 24" to
March; 23" in 2012 season, and from February; 22" to March; 22th
in 2013 season). This number was 26 and 28 during 2012 and 2013
seasons out of 50 studied trees, respectively.

Data analysis

The experiment was arranged in a randomized complete block
design (RCBD). Mean values of regreened and non-regreened
were recorded and standard deviation was calculated.'® Moreover,
Comparisons between cumulative means were made by the
T-test in groups at 0.05 levels according to Sendecor et al.'” In
addition, Correlation coefficients were estimated between nitrogen
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concentrations, shoot temperature, and Growth Degree Hours (GDH)
and rind regreening of “Valencia” orange fruits according to."

Results and discussion

The results of the present investigation during 2012 and 2013
seasons included the determination of nitrogen content and temperature
measurement of branch-bearing fruit before the regreening process till
its appearance on the rind, as well as correlation coefficients between
leaf nitrogen concentrations of branch-bearing fruit on one side and
rind regreening of “Valencia” orange fruits in the other. In additions,
correlation coefficients between temperature of branch-bearing fruit
on one side and rind regreening of “Valencia” orange fruits in the
other side were calculation.

Average of weekly leaf nitrogen content

The data in Figure 1 and Table 1 illustrated the differences in
nitrogen content of the branch between regreened and non-regreened
fruits throughout the period preceding harvest. The trends in the
graphs clearly showed that regreened occurred in the branches with
greater nitrogen content compared with branches of non-regreened
fruits. Such differences in nitrogen content were considerable with
the second sampling week in both seasons as indicated by the standard
deviation values (the vertical bars in the line graph). The increase in
nitrogen content in the branch-bearing fruits was associated with
the increased uptake by these branches since these branches had
higher temperature. However, the slight decline in nitrogen content
(March 16 sample in the first season) could be attributed either to a
little reduction in temperature that occurred at that time or it could be
ascribed to the incidence of the new spring flush since they represent
a strong sink.

Table | Average of weekly leaf nitrogen content of branch-bearing fruits of
regreened and non-regreened “Valencia” oranges throughout the two growing
seasons 2012 and 2013, respectively.

. Non-regreened Regreened
Time "Valencia" Orange "Valencia" Orange
(Week)
2012 2013 2012 2013

First Week 1.93£0.10  1.97+0.09 2.06+0.08  2.09+0.08
Second Week  1.99+0.10  2.09+0.08 2.14%0.07  2.24+0.06
Third Week 2.14+0.08  2.17+0.08 2.41x0.09  2.41£0.04
FourthWeek  2.07£0.08  2.24+0.06 2.28+0.02  2.47+0.04

-Values represent the meantstandard deviation

Average weekly temperature (°C)

The data in Figure 2 and Table 2 represented line graphs of average
weekly temperature (°C) of branch-bearing fruits of regreened and
non-regreened “Valencia” oranges throughout the period preceding
harvest. The data revealed that there was a trend of increased branch
temperature as the season progressed from Feb. to Mar. except during
the last measurement in the first season were the branch temperature
slightly declined in either branches bearing regreened or those bearing
non-regreened “Valencia” oranges. However, branch-temperature
was consistently greater in branching-bearing regreened fruits as
compared with those bearing regreened fruits. Based on the standard
deviation values, the differences in temperature between branches-
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bearing regreened or non-regreened fruits were considerable during
the third and fourth samples preceding harvest while there was no
marked difference in branch temperature during the first and second
samples in both seasons.
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Figure | (A,B) Average weekly leaf nitrogen content of branch-bearing fruits
of regreened and non-regreened “Valencia” oranges throughout the two
growing seasons 2012 and 2013, respectively.

*Vertical bars in the line graph represent standard deviation of the mean.

Table 2 Average weekly temperature (C) of branch-bearing fruits of regreened
and non-regreened “Valencia” oranges throughout the two growing seasons
2012 and 2013, respectively

Non-regreened Regreened "Valencia"

Time "Valencia" Orange Orange
(Week)

2012 2013 2012 2013
First Week 17.53£0.24  19.40+0.2 18.62£0.25  20.60+0.26
Second Week  18.19+0.2 22.40+0.2 19.30£0.17  23.50%0.15
Third Week 23.73+0.26  28.30%0.3 25.86+0.28  30.90+0.17
FourthWeek  19.16£0.43  32.90+0.5 21.65+0.24  35.80+0.21

-Values represent the meanzstandard deviation
Average growth degree hours (GDH)

Changes in GDH during the period preceding harvest were
monitored in the branch-bearing regreened and non-regreened fruits
and represented in Figure 3 and Table 3 the data of GDH took into
consideration the duration of effective temperature from sunrise to
sunset considering the minimum degree as 13°C. It was evident that
during the two-week period preceding harvest, there was a remarkable
difference in the GDH values since the regreened fruits had greater
GDH than non-regreened fruits. This trend remained valid throughout
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the four weekly measurements and determinations of GDH. It was
also found that the GDH value of the fourth week was slight declined
as compared with that of the third week indicating to a reduction of
effective temperature (above 13°C) during the day of measuring the
temperature. This trend was also consistent with similar decline in
temperature found in Figure 2 during the fourth week prior to harvest.
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Figure 2 (A,B) Average weekly temperature (C) of branch-bearing fruits of
regreened and non-regreened “Valencia” oranges throughout the two growing
seasons 2012 and 2013, respectively.

*Vertical bars in the line graph represent standard deviation of the mean.
Average cumulative leaf nitrogen content

The data in Table 4 and Figure 4 illustrated the average cumulative
effect ofleafnitrogen in the branch-bearing regreened or non-regreened
“Valencia” oranges during the two seasons 2012 and 2013. It was
evident that regreened fruits were growing on branches with greater
nitrogen content than those non-regreened fruits in a significant and
consistent manner in both seasons. Such finding further explained the
greater uptake of nitrogen throughout the season led to the conversion
of more chromoplasts to chloroplasts.'?

In support of found results, it was reported that most regreened
“Valencia” oranges occurred when nitrogen fertilization was applied
during the summer, coinciding with high temperatures. In addition,
Nitrogen has a profound effect on regreening of cultured citrus fruit
peel segments.”® Furthermore, higher N treatments decreased the
concentration of K in leaves and increased the amount of green color
on the fruits, which became an important obstacle to high pack-out.'
Meanwhile, warm shoot environment lead to increased vegetative
and reproductive growth and the resulting translocation of N to
physiological sinks. Moreover, high N increased the proportion of
green fruit by 65%. These conditions occured to “Valencia” oranges
which promoted the regreening process and'® who reported that
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excess nitrogen application enhanced vegetative tree growth in Citrus
trees, which increased GA production and the inhibition of senescence
and thus poor coloration of citrus fruits.* In addition, Ahmed'
reported that the incidence of regreening was due to increased
nitrogen assimilation or reduction in carbohydrate metabolism within
the tissues of citrus varieties.
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Figure 3 (AB) Growth degree hours (GDH) of branch-bearing fruits of
regreened and non-regreened “Valencia” oranges throughout the two growing
seasons 2012 and 2013, respectively.

*Vertical bars in the line graph represent standard deviation of the mean.

Table 3 Growth degree hours (GDH) of branch-bearing fruits of regreened
and non-regreened “Valencia” oranges throughout the two growing seasons
2012 and 2013, respectively

Non-regreened Regreened "Valencia"

Time "Valencia" Orange Orange
(Week)

2012 2013 2012 2013
FirstWeek ~ 51.59+2.74  73.1£2.64 64.10£2.85  86.26%2.96
Second 59.924229  108.08+2.38 7277+196  120.84+1.73
Week
Third

126.56+3.12  179.69£3.57  151.774329  209.87+2.04
Week
Fourth 73784520  237.56£543  103.67+2.92 271974246
Week

-Values represent the meanztstandard deviation

Average cumulative branch temperature (C)

The data in Table 5 and Figure 5 presented cumulative shoot
temperature over the season during the period preceding harvest of
“Valencia” oranges. It was obvious again those branches bearing
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regreened fruits had greater temperatures over the season as compared
with those branches bearing non-regreened fruits in a significant
manner in both seasons. Warm temperature throughout the season
especially the period preceding harvest enhances the uptake of
nitrogen which reflects on more regreened “Valencia” orange. In
support of these results, it was reported that low temperatures may
have a dual effect, by causing a reduction in the import of maturation
inhibitors and by promoting ethylene production and in this way
favoring senescence.'® Furthermore, low temperatures stimulated
chlorophyll destruction and increased carotenoid levels. In addition,
carotenoid levels continued to increase after chlorophyll destruction."
In addition, low night air and soil temperatures did not stimulate rind
color formation directly, but rather slowed vegetative growth by
reducing the formation of vegetative growth promoting hormones
(GA3), which in turn, is antagonistic to the conversion of chloroplasts
to chromoplasts® and®! and cause stress that stimulates production of
endogenous ethylene. In addition, internal production of ethylene in
stressed fruits was in quantities large enough to destroy chlorophyll
in flavedo and enhanced color development.”? Furthermore, cold
weather (5-10°C) increased ABA level in “Valencia” oranges peel.®
On the other hand, high temperatures prevented the breakdown of
chlorophyll since chloroplasts remain in the flavedo throughout fruit
development.?

012 013

| Non-regresned Rezreensd |

Figure 4 Average cumulative effect of leaf nitrogen content of branch-bearing
fruits of regreened and non-regreened “Valencia” oranges throughout the two
growing seasons 2012 and 2013, respectively.
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Figure 5 Average cumulative effect of shoot temperature (C) of branch-
bearing fruits of regreened and non-regreened “Valencia” oranges throughout
the two growing seasons 2012 and 2013, respectively.
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Average cumulative growth degree hours during the
day

In Table 6 and Figure 6 cumulative growth degree hours were
presented for the two types of “Valencia” branches, the ones with
regreened and the others that were not regreened. Consistently
with the previous findings, it was clear that the value of GDH was
greater in branches bearing regreened fruits than those bearing non-
regreened fruit during both seasons. Thus, cumulative effective
temperature was required to activate the uptake and translocation of
nitrogen and probably reduction of carbohydrates metabolism needed
for the production of some chlorophylls in the fruit. Thus, Ahmed'’
recommended reducing nitrogen fertilization towards the end of the
season to minimize the problem of regreening.
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Figure 6 Average cumulative effect of growth degree hours (GDH) of
regreened and non-regreened “Valencia” oranges throughout the two growing
seasons 2012 and 2013, respectively.

Table 4 Average cumulative effect of leaf nitrogen content of branch-bearing
fruits of regreened and non-regreened “Valencia” oranges throughout the two
growing seasons 2012 and 2013, respectively

Average cumulative of leaf nitrogen
content

Non-regreened

Season Regreened "Valencia"

"Valencia" Orange

Orange g
First Season *
2012 2.03 2.22
Second Season «
2013 2.12 2.30

*Values, significantly different according to the T-test in groups at 0.05 levels

Table 5 Average cumulative effect of shoot temperature (C) of branch-
bearing fruits of regreened and non-regreened “Valencia” oranges throughout
the two growing seasons 2012 and 2013, respectively

Average cumulative of leaf nitrogen

content
Season Non-regreened Regreened
Valencia "Valencia" Orange
Orange
First Season
%
2012 2.03 222
Second Season "
2013 2.12 230

*Values, significantly different according to the T-test in groups at 0.05 levels
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Table 6 Average cumulative effect of growth degree hours (GDH) of
regreened and non-regreened “Valencia” oranges throughout the two growing
seasons 2012 and 2013, respectively

Average cumulative of GDH**

Season
Non-regreened

"Valencia" Orange

Regreened
"Valencia" Orange

First Season

*
2012 77.96 98.08
Second Season s
2013 149.61 172.24

*Values, significantly different according to the T-test in groups at 0.05 levels
**GDH, growth degree hours

Correlation between nitrogen branch content, branch temperature
and growth degree hours and the incidence of regreening “Valencia”
oranges

The correlation coefficients were determined to document if
there was any positive correlation between the three reported factors,
namely nitrogen content, average branch temperature and GDH, and
incidence of regreening in both seasons. The analysis Table 7 showed
that there was a high correlation between cumulative nitrogen content
in the branch bearing oranges and the incidence of regreening in both
seasons (0.87 and 0.92) in 2012 and 2013, respectively. In a similar
manner, branch temperature was highly correlated with the incidence
of regreening in “Valencia” rinds in both seasons (0.88 and 0.87)
respectively. Another novel approach in this study was the correlation
between GDH during the day and the incidence of regreening in
“Valencia” orange rind. The analysis emphasized again that there was
a strong correlation between the GDH and the regreening process
during the period preceding harvest as these values were (0.87 and
0.86) for the two seasons respectively.

Table 7 Correlation between nitrogen branch content, branch temperature
and growth degree hours (GDH) and the incidence of regreening “Valencia”
oranges in 2012 and 2013 seasons

Cumulative
Branch

Cumulative

. lati
Nitrogen Cumulative

Season

ok
Content Temperature GDH
First Season " * "
2012 0.87 0.88 0.87
Second % * *
Season 2013 0.92 0.87 0.86

**GDH, growth degree hours

In conclusion, this study provided evidences on the role of nitrogen
content, branch-bearing fruits temperature and GDH on the regreening
of “Valencia” oranges. There are many important implications for the
involvement of nitrogen content in the regreening incidence. Thus,
the time of application of the nitrogen fertilizer may contribute to the
conversion of chromoplasts to chloroplasts especially with greater
branch temperature. Such temperature may activate the uptake of
more nitrogen. The coincidence of the emerging spring flush as a
strong sink must be also considered since its plays a role as a driving
force for the translocation of nitrogen and its availability to the fruit.
The remarkable difference in the GDH during the period preceding
regreening further emphasized the significance of the branch-bearing
fruits physiological activity which reflected on the incidence of
regreening.
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