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Abstract: The objective of the current study is to evaluate the effects of nitrogen rate N on tree
growth, fruit yield and quality of clementine Nules variety, budded on Flhorag and Carrizo citrange
rootstocks, grown on clay soils at the Experimental station of Sidi Allal Tazi, INRA Morocco, over
five seasons. The experiment has been carried out in a split-plot design with three replications,
including the nitrogen doses as the main plot and rootstock the subplot. Three fertilization
treatments of the rates of N (g/tree) (To: control (native nutrient), T1: 270, Tz: 540 in g/tree) and 135
P20s, 270 K20 g/tree have been applied to citrus trees in field conditions. The study found that
nitrogen rate and rootstock genotype had significant effects on vegetative growth, yield, and fruit
quality of Nules clementine. As N rate increased, vegetative growth improved significantly, with
the trees grafted on Carrizo citrange and fertilized with T2 (540 N g/tree) showing the best results.
A strong positive correlation was also observed between canopy volume and fruit yield for both
rootstock genotypes. Carrizo citrange proved to be a more efficient rootstock for Nules variety than
Flhorag, with higher yield and better fruit quality. As a conclusion, the recommended NPK rate for
obtaining an optimal yield and good fruit quality of Nules clementine fruits was 540 N-135 P20s-
270 K20 g/tree/year under Sidi Allal Tazi-Gharb (Morocco) conditions.

Keywords: Morocco; Citrus; rootstocks; nutritional requirements; fertilizer application; yields; fruit
quality

1. Introduction

Citrus fruits are the most widely produced fruit crops in the world. In Morocco, the citrus fruits
cover an area of 129,000 ha and an average production of around 2.4 million T/year [1,2].

During the last few years, citrus plantations have increased due to increasing demands of local
consumption and export, which expected to bloom in the future. Unfortunately, the citrus
productivity in Morocco is low (19T/ha) as compared to other countries such as Spain, Turkey and
Egypt (20-34T/ha) [1,2]. In fact, most of the current fertilization programs are based either on very old
local recommendations which are no longer suitable for new variety-rootstock associations, or come
from other countries whose citrus growing conditions differ from those of Moroccan orchards. Such
extensions in acreage are preferred to be accompanied by more studies regarding the optimum
nutrient fertilizer management and the best citrus rootstock for gaining the highest yield and optimal
citrus fruit quality.

Citrus is a nutrient loving and requires adequate nutrition for proper growth and development
[3]. The bearing trees consume considerable amount of nutrients from the soil and these must be
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replenished to maintain soil fertility and get high yields of good quality fruits. The feeding of macro
and micronutrients has gained much importance due to their impact on the fruit yield.

Nutrient management is one of the largest shares of cost with its impact on potential yield and
crop quality. Perennial fruit crops are heavy feeders of plant nutrients and high yields can only be
sustained through the application of optimal doses in balanced proportion [4].

Adequate supply of Nitrogen (N), Phosphorus (P) and Potassium (K) is important for citrus tree
growth [5]. Nitrogen is the key component in mineral fertilizers applied to citrus groves; it has more
influence on tree growth, appearance and fruit production/quality than any other element [6]. In
young trees, N fertilizers can promote vegetative growth and decrease flower induction [7]. Excess
nitrogen application enhances vegetative tree growth and may cause groundwater contamination if
leached with excess irrigation and/or rainfall [8]. However, it affects the absorption and distribution
of practically all other elements [9].

The nitrogen deficiency leads to decrease plant growth. The typical symptom is observed on the
old leaves due to the translocation of nitrogen from the old to the developing young leaves [10,11].
The old leaves, therefore, become yellow and fall off in the time, so the branches become dry and die
from the top. This causes poor production of a small-size fruits of citrus [12,13].

Nitrogen (N) is the most important nutrient in the plant. It is a crucial and primary element of
amino acid, proteins, enzyme and chlorophyll [12,14-22].Several studies have been reported that the
nitrogen supply has a significant effect on citrus fruits quality [14,15,17,23-29].

Yield and fruit quality as well as physical and chemical properties of various cultivars of citrus
trees were positively affected by using balanced program for NPK fertilization applied via sol [23,30-
33].The benefit of finding out an optimum NPXK fertilization for gaining an optimal yield was recently
supported by the results of Omari et al., [23] and Huang et al., [34].The results obtained in previous
research, reported that varying citrus rootstocks affected yield and fruit quality of different citrus
scions [23,24,35-40].

In this particular context, more research is needed to assess the current nutritional status of citrus
orchards and develop appropriate fertilization recommendations adapted to local soil and climate
conditions. Therefore, more studies should be conducted to evaluate the effect of fertilization on
clementine and orange citrus varieties. The objective of this study is to find out an efficient N fertilizer
program for producing an optimal yield and fruits quality of Nules clementine trees grown onto
Flhorag and Carrizo citrange rootstocks in field conditions and conducted during long-term
experimentation in the Gharb region (Morocco).

2. Materials and Methods

2.1. Plant material and growth conditions

A field experiment was conducted in the Experimental station of Sidi Allal Tazi, INRA Morocco
(34° 31" 07.8” N, 006° 14’ 42.0” W) on Nules trees budded on Flhorag and Carrizo citrange rootstock
planted at 5.0x3.0m spacing with 667 trees/ha and planted in 2010. The soil of the experimental site
of Nules is clay (Table 1). Standard cultural practices for Nules trees were used with drip irrigation
and chemical weed control. Water pH was 7.84, while electrical conductivity was 0.964 mS.cm.

Table 1. Soil characteristics of the Experimental station of Sidi Allal Tazi, INRA Morocco.

H
Depth pH (water) P Organicmatter (%) P205 (ppm) K20 (ppm) CE (dS/m)
(KCI1N)
0-60 8.87 8.28 2.15 35.55 983.60 0.245

The experiment was carried out using a split-plot design with three blocs replications, including
the N doses as the main plot (with three levels of N doses: To, T1, T2) and the rootstock in the subplot
(with two levels rootstocks: Flhorag and Carrizo citrange). Three fertilization treatments based on the
rates of nitrogen were applied to citrus tree in field condition over five seasons (2016-2017, 2017-2018,
2018-2019, 2019-2020, and 2020-2021), namely To: Control (native nutrient), Ti: 270, T2: 540 (in
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g/tree/year). Nitrogen, phosphorus and potassium were applied as Ammonium nitrate (33.5%),
TripleSuper Phosphate (TSP) (0-45-0) and Potassium Sulphate (0-48-50%), respectively.

The measured parameters are: tree growth, canopy volume, canopy projectional unit area,
diameter of the rootstock and trunk of the variety, TCSA (trunk cross sectional area) variety, TCSA
rootstock, SPAD, fruit size, fruit weight and fruit quality (juice content, sugar content, acidity, fruit
color and ripening index), fruit yield, yield/canopy projectional unit area and Cumulative yield.

2.2. Fruit quality characteristics

Fruit quality was determined for the 2016-2017 until 2020-2021 harvests.

-Juice content (%) is obtained by a rotary extractor. The juice content expressed as a percentage
by weight is given by the formula:

Juice content (%) = Weight of juice extracted from 10 fruits x 100/Total Weight of 10 fruits

-Solid soluble content (SSC) determined by a digital refractometer, which reports the amount
of sugar in °Brix.

-Acidity of juiceis obtained according to the following formula: A = Vs/10 (Vs: Volume of
solution of the NaOH (ml) used for the titration and 10: Volume (ml) of juice used).

-Ripening index (RI) was calculated as the ratio of Solid soluble content (°Brix)/titratable acidity

(%).

2.3. Agronomic and morphological characters

-Mean fruit weight (g) is determined by measuring total weight of the 10 fruits per tree.

-Fruit diameter (mm), average diameter of ten fruits was recorded.

-Citrus Color Index: The fruit color was evaluatedat the harvest time using a Chromameter
400/410 Minolta, (Japan). Thus, three replicates of five fruit per treatment were measured and three
different readings were obtained along the equatorial circumference of each fruit.The CIE *a*b* color
scale was adopted (McGuire)[41] and the citrus color index (CCI) was calculated according to
Jiménez- Cuesta et al. [42]:

1000 x a*
CCl=—""""
L* x b*

where, CCI = citrus color index, a* = red-green color value, b* = yellow-blue color value, I* = lightness.

The CCl is a comprehensive indicator for color impression with positive values for red, negative
values for blue-green, and 0 for an intermediate mixture of red, yellow, and blue-green (Zhou et al.,
2010). Lightness (1*) value ranges from 0 to 100 in which higher values indicate lighter color intensity
(McGuire) [41].

-Trunk cross sectional area (TCSA) of the trees at the height of 20 cm above the soil level was
measured at the beginning of the experiment and at fall. The relative TCSA growth was measured
according to Forey et al., [43].

-Canopy volume: Tree height, canopy diameter, trunk girth at 15cm above and below the
budding union were measured for all the trees and scion/stock ratio was calculated. Canopy volume
was calculated using Turrell’s formula [44].

-Fruit yield (kg/tree): Total weight of the tree in kg. In November, each tree was harvested. Yield
(kg.tree ') was monitored over a five-year period (2016-2017 until 2020-2021).

-Cumulative yield (kg. tree') was calculated for 2016-2017 through 2020-2021 (five-year
cumulative yield).

-SPAD (portable chlorophyll meter): The SPAD-502 meter is used as a rapid, inexpensive, and
non-destructive method for the assessment of leaf chlorophyll content. The SPAD-502 meter consists
of two light-emitting diodes (LEDs) and a silicon photodiode receptor. It measures leaf transmittance
in the red region (650 nm) and infrared region (940 nm) of the electromagnetic spectrum. A relative
SPAD-502 meter value (ranging from 0-99) is derived from the transmittance values, which is
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proportional to the chlorophyll content in the sample [45,46].From each tree, 10 leaves were selected
for measurements. Every leaf measurement was an average of 10 SPAD-502 readings.

2.4. Statistical analysis

The results were expressed as means + standard errors (SE). Data were analyzed using the proc
GLM procedure in a split-split-plot design (three-way ANOVA) with year (seasons) is the main factor
(main plots with 5 levels) and a treatment (N application rate) is the second factor (subplots with 3
levels) and the third factor is the rootstock genotype (sub-subplots with 2 levels), using SAS
(Statistical Analysis System version 9.1) software. Differences between treatments means were
compared using Duncan’s multiple-range test at P < 0.05. Relationships between parameters were
fitted to linear regressions. The relationship between quality and yield variables was examined using
a bilateral Pearson correlation.

3. Results

3.1. Vegetative growth

The vegetative growth of Nules clementine was significantly affected by the nitrogen rate and
citrus rootstock genotype (Table 2). The results show a significant effect on tree height, canopy
diameter, canopy volume, diameter of the rootstock, diameter of the variety, TCSA (Trunk cross-
section area) rootstock, TCSA variety, canopy projectional unit area and SPAD.

Data in Table 2 and Figures 1-4 clearly show that varying macro fertilization (N) was followed
by a significant difference on vegetative growth parameters. There was a gradual promotion on all
parameters with increasing levels of N. Significant differences on such parameters were observed
between treatments.

At the end of the experiment, the maximum values of tree height (2.98 + 0.06m) (Figure 1),
canopy diameter (3.12 + 0.09m) (Figure 2), canopy volume (30.35 + 1.31m?) (Figure 3), canopy
projectional unit area (9,79 + 0,27m?) (Figure 4) were registered on Carrizo citrange trees fertilized
with T2(540 N g/tree). The Flhorag control trees (To) produced the minimum values in all seasons of
tree height (2.47 + 0.02m), canopy diameter (2.57 + 0.12m), canopy volume (17.08 + 1.54m?) and canopy
projectional unit area (8.06 + 0.38 m?) (Figures 1-4).

Tree growth increased from the first to the fifth year in the field. Overall average by year of
canopy volume varied from (7.12 = 0.59m?3) in 2016 to (27.13 + 2.10m?) in 2020 of Flhorag trees and
from (9.87 + 1.21m?3) in 2016 to (30.35 + 1.31m?3) in 2020 of Carrizo citrange trees (Figure 3). Canopy
projectional unit area varied from (5.97 + 0.21m?) in 2016 to (9.37 + 0.36m?) in 2020 of Flhorag trees
and from (6.28 + 0.28m?) to (9.79 + 0.27m?) of Carrizo citrange trees (Figure 4).

Nules/Flhorag (a)

Tree height (m)
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Years

—e—T0 -m-T1 weeodeees T2


https://doi.org/10.20944/preprints202305.0840.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 May 2023 do0i:10.20944/preprints202305.0840.v1
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Figure 1. Effect of N rates and citrus rootstocks (Flhorag (a), Carrizo citrange (b)) on tree height of

Nules clementine.
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Figure 2. Effect of N rates and citrus rootstocks (Flhorag (a), Carrizo citrange (b)) on canopy diameter

of Nules clementine.
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Figure 3. Effect of N rates and citrus rootstocks (Flhorag (a), Carrizo citrange (b)) on canopy volume

of Nules clementine.
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Figure 4. Effect of N rates and citrus rootstocks (Flhorag (a), Carrizo citrange (b)) on canopy
projectional unit area of Nules clementine.

For Nules clementine, the diameter of the rootstock (89.26 + 6.34mm) and diameter of the variety
(77.8 £ 5.18mm) were found to be highest for Carrizo citrange trees of T2 (540 N g/tree) than other
treatments for the averages of 5 years. However, control trees of Flhorag (To) gave the lowest averages
values of diameter of the rootstock (66.71 + 6.99mm) and diameter of the variety (56.21 + 6.06mm) as
shown in Table 2.

Table 2. Effect of N rate and citrus rootstocks on diameter of the rootstock and diameter of the variety
of Nules clementine.

Diameter of the Rootstock (mm ) Diameter of the Variety (mm )
Nules/Flhorag Nules/Flhorag
To T T2 To T T2

2016/17 17.50 £2.25 20.80 +1.62 23.00+0.70 15.17 £1.33 21.70 +1.55 22.50+0.96

2017/18 66.40 + 3.84 72.73+3.79 90.60 + 4.38 56.08 £ 6.62 68.95 +5.33 76.92+1.78

2018/19 79.51 +1.50 89.79 +7.09 96.22 +3.87 63.97 +4.96 73.82+6.17 83.17 £4.06

2019/20 85.25 £ 6.04 91.86 +2.52 101.55 £ 3.41 71.68 £ 4.04 79.13+1.10 84.39 £2.16

2020/21 84.88 +4.88 90.19 £2.29 95.70 + 1.67 7417 £ 6.83 81.57 £1.77 82.15 + 3.47

Mean 66.71+6.99a 73.07+575a 8141+56la 5621+6.06a 65.03+477a 69.82+4.56a

Nules/Carrizo citrange Nules/Carrizo citrange
To T1 T2 To T1 T2

2016/17 18.17 +1.01 26.17£0.71 26.33£2.24 16.67 +0.33 23.75+£1.41 26.83 £2.31
2017/18 77.85+3.92 78.57 £2.70 88.08 +2.86 65.60 +£2.22 71.42 £2.33 81.05 £ 3.99
2018/19 93.60 +4.42 108.10 + 3.69 111.94 + 6.28 79.24 £ 5.98 87.69 +3.95 88.34 +4.28
2019/20 95.06 £1.32 107.87 £5.27 111.83 £3.05 80.97 £6.18 88.78 £2.04 92.71 £3.41
2020/21  103.45 +4.80 105.67 +2.81 108.10 + 6.05 83.50 +7.22 85.75 +3.85 100.09 = 6.14
Mean 80.17+759a 8527+6.03a 89.26+6.34a 67.20+643a 7148+474a 77.80+5.18a

1In each row for each parameter studied, values with the same letter are not significantly different (Duncan test,
p £0.05).

TCSA (trunk cross sectional area) is usually considered to be highly correlated with tree height
and canopy volume [47]. Carrizo citrange trees of T2(540 N g/tree) had the highest TCSA rootstock
(71.73 £7.36cm?) and TCSA variety (53.64 + 5.35cm?), whereas Flhorag control trees (To) had the lowest
TCSA rootstock (40.33 + 5.82cm?) and TCSA variety (28.86 + 4.45cm?) with significant differences
(Table 3).
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Table 3. Effect of N rate and citrus rootstocks on TCSA (Trunk cross-sectional area) rootstock and
TCSA variety of Nules clementine.
TCSA (Trunk Cross-Sectional Area) Rootstock (cm?) TCSA Variety (cm?)
Nules/Flhorag Nules/Flhorag
To T: T2 To T T2
2016/17  2.49+0.58 3.48 +0.54 4.17+0.26 1.83 £0.30 3.77 £0.50 4.01+0.34
2017/18  34.86 +4.03 42.00 +4.23 65.21+6.25 25.39 +5.49 3823+6.34  46.60+2.18
2018/19 49.69+1.86 64.91 +9.89 73.30+5.73 32.52+£5.08 44.00+7.15 54.97 £5.18
2019/20 57.66 +7.81 66.47 + 3.64 81.44+521 40.61+4.43  4921+1.38  56.11+2.90
2020/21 56.96 + 6.32 64.04 + 3.25 72.04 +2.48 43.94 +7.63 52.35+2.32 53.48 £ 4.61
Mean 40.33+5.82b 48.18+5.37 ab 59.23+5.54 a 28.86+4.45b 3751+4.0lab 43.03+395a
Nules/Carrizo citrange Nules/Carrizo citrange
To T1 T2 To T1 T2
2016/17  2.61+0.29 5.40+0.28 5.64 +0.98 2.18£0.09 4.51+£0.56 5.86 +1.09
2017/18 47.84+4.76 48.77 £ 3.28 61.26 +4.00 33.88 £2.26 40.27 £2.64 52.22 +£5.17
2018/19  69.11+6.4 92.30 + 6.30 99.96 +11.46 49.88 +7.53 61.01+5.46 62.00 + 6.22
2019/20 71.01+1.96  92.48+8.79 98.59 + 5.28 52.39+7.85 62.06 +2.72 67.96 + 4.87
2020/21 84.60+7.79 88.00 +4.51 93.21+10.17 55.98 +9.03 58.33 +5.38 80.16 + 9.36
Mean 57.71+73la 65.39+6.74a 71.73+7.36 a 40.67+556a 4524+4.36a 53.64+5.35a
1In each row for each parameter studied, values with the same letter are not significantly different (Duncan test,

p <0.05).

Overall average of SPAD varied from (56.13 + 2.03) to (70.45 £ 1.19) of Flhorag trees and from
(57.44 £2.56) to (72.6 + 1.46) of Carrizo citrange trees. The maximum value of SPAD (72.6 + 1.46) was
registered on Carrizo citrange trees fertilized with T2 (540 N g/tree) (Table 4).

Table 4. Effect of N rate and citrus rootstocks on SPAD of Nules clementine.

Nules/Flhorag Nules/Carrizo citrange
To T1 T2 To T1 T:
2016/17  44.27 +3.74 58.92+3.79 61.05+1.68 39.97 +1.08 51.82+3.99 59.43+2.73
2017/18  66.40 +1.54 71.40 +1.96 73.00 +1.88 68.30 +1.33 73.53 +3.34 77.07 +2.19
2018/19  50.60 +3.11 68.52 +0.96 75.17 +£1.90 53.83 £1.59 71.95+2.36 75.02 +1.48
2019/20 59.73 +1.02 67.86 +2.70 72.60 £1.53 65.33 £2.82 70.12 +£2.56 76.48 +1.54
2020/21  59.67 +4.80 66.86 +3.76 70.43 +2.16 60.08 + 3.60 65.62 +1.56 74.98 +1.09
Mean 56.13+2.03b 66.71+147a 7045+1.19a 57.44+256c 66.61+193b 72.6+146a

1In each row for each parameter studied, values with the same letter are not significantly different (Duncan test,
p <0.05).

3.2. Yield

Yield means of Nules clementine trees showed significant differences among the treatment.Yield
was progressively increased with increasing levels of N, the application of the treatment T2 (540 N
g/tree) was very beneficial for improving yield than other treatment (65.23 + 1.84 on Carrizo citrange
and 58.44 + 2.17 on Flhorag rootstock). Carrizo citrange had the greatest yields for 2016 to 2020 (Table
5).

For the cumulative yield based on a five-year period, Carrizo citrange had significantly greater
yield (326.17 +9.18 kg/tree) on the trees fertilized with T2 (540 N g/tree) than Flhorag in Nules. Flhorag
had lower cumulative yield (181.67 + 14.24kg/tree) than Carrizo citrange rootstock in To (control)
(Figureb).
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Table 5. The annual yield of Nules clementine trees on two rootstocks (Flhorag (a), Carrizo citrange
(b)) (2016/2017-2020/2021).

Nules/Flhorag Nules/Carrizo citrange
To T1 T2 To T T2

40.00 +2.89

2016/2017 31.67 +4.41b 45.00+2.74a 54.17+2.01 a b 4833+211b 6250+443a
58.33 +4.41

2017/2018 40.00 + 11.55 b 65.40 + 6.57 a 70.00 + 5.16 a a 7583 +898a 77.83+432a
. 28.33 +1.67

Yield (kg/tree) 2018/2019 26.67 +3.33 b 37.00 + 6.24 ab49.17 +2.39 a b 38.33+1.67b 55.00+4.47a
57.50 +2.50

2019/2020 55.00 +2.89 b 68.00 + 3.74 ab75.00 + 5.48 a c 70.83+3.27b 83.33+422a

2020/2021 28.33 +1.67 ¢ 35.00 +1.58 b 45.00 + 1.29 a33'75bir 239 40'83;;_; 239 4750+2.14a

Average Yield (Kg/tree) 36.33 +2.85¢c 50.08 +2.48 b 58.44 +2.17 a44'37: 114 54.83+236b 65.23+1.84a

1 Mean separation within columns by Duncan test (p <0.05). In each row,values with the same letter are not
significantly different.
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100.00 ~

50.00 -

0.00

T0 | T1 | T2 T0 | T1 | T2

Nules/Flhorag Nules/Carrizo citrange
Treatments

Figure 5. The cumulative yield of Nules clementine trees on two rootstocks (Flhorag, Carrizo citrange)
(2016/2017-2020/2021).

Growth and production parameters allowed estimating yield/canopy projectional unit area
(kg/m?) for fruit yield as influenced by N fertilizer rates for Nules variety in 2017, 2018 and 2020.
yield/canopy projectional unit area (kg/m?) varied from (3.45 + 0.45) to (9.13 + 0.90) of Flhorag trees
and from (3.21 + 0.30) to (10.10 * 0.93) of Carrizo citrange trees. The maximum Yield/canopy
projectional unit area (10.10 + 0.93) was registered on Carrizo citrange trees fertilized with T2 (540 N
g/tree) (Figure 6).
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Nules/Flhorag (a)
12.00

Yield/canopy projectional unit area (kg/m?)
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Nules/Carrizo citrange (b)
12.00
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8.00
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2.00 4

Yield/canopy projectional unit area (kg/m?)

0.00 -
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BT0 @T1 MmT2

Figure 6. Yield/canopy projectional unit area (kg/m?) of Nules clementine trees on two rootstocks
(Flhorag (a), Carrizo citrange (b)) (2016/2017-2020/2021).

Results regarding the effect of citrus rootstocks on yield clearly show that yield was varied
according to citrus rootstocks genotype. Nules clementine trees grown on Carrizo citrange rootstock
produced higher yield than the trees on Flhorag rootstock. Under such promising treatment, yield
reached 83.33 = 4.22 kg/tree (Table 5). Flhorag had less cumulative yield than Carrizo citrange (Figure
6).

Since N fertilizer treatments affected growth and scion/rootstock trees on all experimental, a
significant relationship between canopy volume and fruit yield was verified (Figures 7 and 8). Citrus
trees require nutrients for growth and increasingly for fruit yield. Fruit yield increase with an increase
in canopy volume for Flhorag and Carrizo citrange rootstock and for nitrogen treatment (Figures 7
and 8). On the other hand, an increase of Nitrogen rate from 0 to 540g/tree increased fruit yield (from
22.01 to 47.36 kg/tree) (Figure 9).

The N fertilization influenced tree growth, especially the average canopy volume and fruit yield.
The fruit yield has a significant linear response to N fertilization as observed in (Figure 9).
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Figure 7. Fruit yield of Nules clementine trees on two rootstocks related to canopy volume (Bi: Flhorag

and Bz: Carrizo citrange rootstock).
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Figure 8. Fruit yield of Nules clementine trees related to canopy volume (To: Control (native nutrient).
T1: 270. T2: 540 of N g/tree/year).
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Figure 9. Fruit yield of Nules clementine trees related to Nitrogen rate.
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3.3. Fruit quality variables

The fruit quality variables were affected by the N treatment and rootstock genotype in Nules
clementine. The heaviest fruits were obtained from Carrizo citrange (135.86 + 4.6g) trees fertilized
with T2 (540 N g/tree), whereas the lowest was from Flhorag (102.77 + 4.1g) than Carrizo citrange
rootstock in To (control) (Table 6).

Nules’s fruit diameter was affected by the N treatment and the rootstock. Application of the
treatment T2 (540 N g/tree) was very effective in improving fruit diameter compared to using T1. The
maximum values were detected on trees of Carrizo citrange fertilized with treatment (T2) (69.59 +
1.42mm) while the minimum values were observed on Flhorag trees control (T0)(59.79 + 1.04mm)
(Table 6).

It is evident from the data in Tables 7, 8 and 9 that varying N fertilization treatments had a
considerable effect on the juice content and the total acidity, Solid soluble content, Ripening Index
and fruit color of Nules clementine examined in our study. Juice content ranged from (42.2 + 0.81%)
on Flhorag trees of To to (51.72 + 0.7%) on Carrizo citrange trees of T2 (540 N g/tree) (Table 7).The Solid
soluble content ranged from (9.85 + 0.23) on Flhorag trees of To to (11.63 + 0.24) on Carrizo citrange
trees of treatment T2 (Table 8).

Total acidity of Nules Clementine was also higher in fruits of Carrizo citrange (1.15 + 0.02 %)
and Flhorag (1.04 + 0.002%) trees of T2 (540 N g/tree) than in the other treatments (Table 7). Whereas,
Ripening Index of Nules Clementine was higher in fruits of Carrizo citrange (12.16 + 0.5) and Flhorag
(12.4 £ 0.41) trees of control (To) than in the other treatments (Table 8).

The fruit color is affected by the rootstock genotype and the nitrogen rate. The 1* color for the
fruits of the trees T2 (540 N g/tree) grafted on Carrizo citrange has the highest I* value (61.91 + 0.52),
compared to the others treatments. Fruits obtained on control trees (To) grafted on Flhorag has the
lowest values (57.56 + 1.84) compared to the others (Table 9).

The a* color of Nules Clementine was also higher in fruits of Carrizo citrange (25.94 + 2.02) and
Flhorag (26.02 + 1.7) trees of T2 (540 N g/tree) than in the other treatments. Whereas, b* color was
lower in fruits of Flhorag (49.9 + 3.13) trees of control Tothan in the other treatments (Table 9).

The CCI* fruits of Nules trees fertilizer under T2 (540 N g/tree) and grafted on the Carrizo
citrange and Flhorag rootstocks has the highest CCI* value (7.01 + 0.52 and 7.21 + 0.48), compared to
the others treatments. Fruits obtained on control trees (To) grafted on Flhorag have the lowest values
(2.23 £1.52) (Table 9).

The Nitrogen fertilization influenced fruit quality variables, the acidity (%) and Solid soluble
content (SSC) of Nules clementine fruits. They have a significant linear response to N fertilization as
observed (Figure 10 and 11). Acidity (%) and Solid soluble content (SSC) rise upwith an increase in
Nitrogen rate for Nules from 0.80 to 1.10 % for Acidity (%) (Figure 10) and (10 to 12°Brix) for SSC
(Figure 11).

Citrus rootstocks genotype resulted asignificant difference in most parameters of fruit quality.
The fruit weight, fruit diameter, juice content, solid soluble content, total acidity and fruit color of
Nules clementine fruits were greater for Nules trees grafted on Carrizo citrange rootstock than on
Flhorag rootstock (Tables 6-9).

Table 6. The effects of N fertilization and two citrus rootstocks on pomological characters: fruit weight
and fruit diameter of Nules clementine (2016-2020).

Fruit weight (g) Fruit diameter (mm)
Nules/Flhorag Nules/Flhorag
To T1 T2 To T1 T2

2016/17 9299 £1.71 112.29 +4.17 134.00 £2.31 57.42 +2.26 61.31 £0.15 64.51 £ 0.81
2017/18 81.00 +£0.84 83.52 +2.35 85.42 +2.50 55.17 +0.58 56.81 +0.18 58.47 +0.43
2018/19  118.33+4.41 131.00 + 4.64 137.25+5.22 63.15+1.73 64.98 +0.98 68.18 +0.97
2019/20  118.33+3.33 122.00 + 3.74 127.50 £ 4.61 64.03£0.17 65.3+0.7 66.67 +0.87
2020/21 103.2 £5.14 127.94 + 2.80 138.38 £ 6.17 59.17 +1.00 69.5+1.34 74.41 +1.32
Mean 102.77+4.10b 118.67+3.80a 128.21+4.12a 59.79+1.04c 6444+098b 67.69+1.10a
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Nules/Carrizo citrange Nules/Carrizo citrange
To T1 T2 To T1 T2
2016/17  101.14+3.13 124.39 +£0.78 168.77 £9.23 61.24 +1.98 61.25+0.45 62.16 £0.21
2017/18 82.76 +0.76 84.71 +1.11 88.29 +3.47 56.58 +0.51 58.52+0.24 61.07 £0.94
2018/19  124.50+3.23 133.50 + 6.55 140.83 +2.71 63.86 +1.87 66.85+1.18 70.45 +0.66
2019/20  112.50 £5.20 126.67 £5.11 135.00 + 3.65 63.76 +1.17 65.39 +0.51 67.49 = 0.64
2020/21 11843 +3.91 128.62 + 6.15 139.08 +2.58 65.60 + 2.04 66.32+1.11 78.79 +2.35
Mean 109.63+3.75c 123.33+3.94b 13586+4.60a 62.57+098b 64.61+0.72b 69.59+1.42a

1In each row for each parameter studied, values with the same letter are not significantly different (Duncan test,

p <0.05).

Table 7. The effects of N fertilization and two citrus rootstocks on juice content, total acidity of Nules
clementine (2016-2020).

Juice content (%) Acidity (%)
Nules/Flhorag Nules/Flhorag
To T1 T2 To T T2
2016/17 39.79 £2.36 42.10+0.4 46.85 +0.62 0.64 +0.02 0.86 +0.01 0.93+0.01
2017/18 40.53 +1.02 41.37 +0.51 44.19+1.18 0.94+0.01 1.08 +0.02 1.19 +0.04
2018/19 44.69 +2.32 46.59 +0.65 48.42 +1.19 0.9+0.03 0.96 +0.03 1.05+0.03
2019/20 42.20+1.54 45.08 +1.24 51.64 +1.37 0.79 +0.00 0.94 +0.02 1.09 +0.03
2020/21 43.76 +0.38 45.75 +0.46 5024 +1.11 0.75+0.01 0.85+0.01 0.97 +0.02
Mean 4220+0.81c  44.64+054b  4895+0.72a  0.81+0.03c 093+0.02b 1.04+0.02a
Nules/Carrizo citrange Nules/Carrizo citrange
To T1 T2 To T1 T2
2016/17 42.96 +1.02 46.12+0.74 52.02+231 0.67 +0.01 0.89+0.01 0.96 +0.05
2017/18 42.38 +0.48 43.26 +1.04 45.96 +0.10 1.02 £0.01 1.12£0.01 1.29 £0.01
2018/19 45.29 +0.80 48.56 +0.34 51.28 +1.05 0.94+0.01 1.18 +0.01 1.28 +0.04
2019/20 43.35+0.87 48.00 +1.02 52.57 +1.18 0.95+0.03 1.06 +0.02 1.21+0.01
2020/21 45.68 +0.97 47.61 +0.66 54.04 £0.94 0.76 £ 0.01 0.90 £0.02 0.96 +0.02
Mean 44.07+047c  47.22+047Db 51.72+0.7 a 0.87+0.03c 1.04+0.03b 1.15+0.03a

!In each row for each parameter studied, values with the same letter are not significantly different (Duncan test,

p <0.05).

Table 8. The effects of N fertilization and two citrus rootstocks on Solid soluble contentand Ripening
Index of Nules clementine (2016-2020).

Solid soluble content (SSC) Ripening Index (RI)
Nules/Flhorag Nules/Flhorag
To T1 T2 To T1 T2
2016/17 8.40+0.26 9.10+0.12 8.90 +0.26 13.20£0.39 10.58 £ 0.25 9.58 +0.39
2017/18 9.73+0.03 10.33 £ 0.26 10.40 £ 0.17 10.37 £ 0.08 9.59 +0.41 8.72+0.17
2018/19 10.03 +0.26 10.94 +0.27 11.33 +0.24 11.12+0.24 11.49£0.53 10.83 £ 0.39
2019/20 10.10 £ 0.06 10.6 = 0.09 11.13+0.15 12.74 +0.11 11.35+0.29 10.21 +0.26
2020/21 10.97 +0.19 11.72+0.28 12.68 +0.14 14.55+0.22 13.85+0.39 13.15+0.33
Mean 9.85+0.23b  10.7+020a 11.2+025a 1240+04la 11.62+035ab  10.83+0.34Db
Nules/Carrizo citrange Nules/Carrizo citrange
To T1 T2 To T1 T2
2016/17 8.57 £0.09 9.70+0.17 9.47 +0.15 12.72 +0.14 10.89 +0.27 9.88 +0.51
2017/18 10.13 +0.07 10.53 £ 0.18 11.13+0.13 9.95+0.07 9.41+0.21 8.61+0.02
2018/19 10.70 £ 0.30 11.30+0.16 11.68 +0.29 11.45+0.40 9.57 +0.19 9.15+0.29
2019/20 10.13 £0.32 11.20£0.11 11.57 £ 0.18 10.77 £ 0.62 10.57 £ 0.24 9.55+0.19
2020/21 11.75+0.26 12.58 +0.11 12.98 +0.19 15.51+0.29 14.02+0.46 13.57 +0.42
Mean 10.36 £0.26b  11.3+0.20a 11.63+0.24a 12.16+0.50a 11.08+0.39 ab 10.38 £0.41 b

!In each row for each parameter studied, values with the same letter are not significantly different (Duncan test

(p <0.05)).
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Table 9. The effects of N fertilization and two citrus rootstocks on the fruit coloration (CCI) of Nules
clementine.
Fruit Color Index
Nules/Flhorag Nules/Carrizo citrange
Variable To T1 T2 To T1 T2

I* 5756+1.84b 59.40+096ab 61.13+0.61a 61.07+094a 61.39+0.69a 61.91+0.52a
a* 10.67 £+4.54b  15.64+2.95Db 26.02+1.7a 19.52+3.17a 22.82+227a 2594+202a

b* 4990+3.13b 5342+187ab 57.60+1.0la 5649+1.64a 5740+125a 5852+093a
CCI* 223+152b 415+0.98 b 721+048a 5.32+0.80a 6.13+0.62 a 7.01+0.52 a

1In each row for each parameter studied, values with the same letter are not significantly different (Duncan test,

p<0.05).
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Figure 10. Acidity (%) of Nules clementine fruits related to Nitrogen rate.
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Figure 11. Solid soluble content (SSC) of Nules clementine fruits related to Nitrogen rate.

3.4. Correlation analysis

To compare such different treatments of Nules variety on Carrizo citrange and Flhorag
rootstocks, a correlation matrix was built based on Pearson’s correlation coefficients (r) and the
variables studied (Tables 10 and 11). Significant positive correlations were found between yield and
yield/canopy projectional unit area (r = 0.82, p < 0.0001) and SPAD (r = 0.78, p < 0.0001). As
hypothesized, yield was positively correlated with cumulative yield (r = 0.85, p <0.0001). Tree height


https://doi.org/10.20944/preprints202305.0840.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 May 2023 do0i:10.20944/preprints202305.0840.v1

15

was strongly correlated with canopy volume (r = 0.92, p < 0.0001). Fruit weight and fruit diameter
had a highly positive correlation (r = 0.85, p < 0.0001). A negative correlation was found between
Ripening Index and Fruit Color Index (CCI) (r = -0.17, p = 0.3798). Similarly, a negative correlation
was also found between Acidity and Ripening Index (r = -0.76, p < 0.0001). TCSA variety and TCSA
rootstock were strongly positively correlated too (r=0.92, p <0.0001) (Tables 10 and 11).

Table 10. Pearson product moment correlations (r value) between vegetative growth, quality and
yield variables of ‘Nules’ clementine.

1) 2 B @ G B (D 6 (9 (10) (11) (12) (13) (14) (15) (16) (17)(18)(19) (20)
(1) N rate 1.00
(2) Tree height 0.63 1.00

() Canopy o 85 1.00
diameter

(4) SPAD 0.89 0.56 0.54 1.00
(5) Canopy

projectional unit 0.57 0.85 1.00 0.54 1.00
area
(6) Diameter of
the variety
(7) Diameter of
the rootstock
(8) TCSA variety 0.44 0.75 0.70 0.45 0.70 0.99 0.92 1.00
(9) TCSA
rootstock
(10) Yield 0.83 0.73 0.70 0.78 0.70 0.64 0.60 0.64 0.61 1.00
(11) Canopy
volume
(12) Yield/canopy
projectional unit 0.68 0.36 0.19 0.64 0.19 0.31 0.27 0.33 0.29 0.82 0.27 1.00
area
(13) Fruit weight 0.75 0.65 0.71 0.70 0.71 0.53 0.48 0.50 0.46 0.75 0.69 0.46 1.00
(14) Fruit diameter 0.73 0.65 0.71 0.65 0.71 0.47 0.41 0.44 0.40 0.65 0.72 0.33 0.85 1.00
(15) Juice content 0.84 0.81 0.78 0.74 0.78 0.66 0.64 0.67 0.65 0.87 0.83 0.60 0.76 0.79 1.00
(16) Acidity  0.85 0.76 0.75 0.79 0.75 0.64 0.61 0.65 0.63 0.86 0.78 0.60 0.72 0.62 0.88 1.00

(17) Solid soluble ) . ) o4 0 62 0.84 0.56 0.55 053 0.52 0.6 0.82 0.24 0.78 0.88 0.80 0.641.00
content (°Brix)

0.45 0.76 0.71 0.45 0.71 1.00

0.37 0.79 0.73 0.35 0.73 0.92 1.00

0.38 0.79 0.73 0.37 0.73 0.90 0.99 0.92 1.00

0.59 0.92 0.97 0.54 0.97 0.70 0.74 0.71 0.75 0.72 1.00

(18)11:31’::mg -0.60-0.36-0.26-0.53-0.26-0.33-0.30-0.36-0.34-0.57-0.31-0.58-0.28-0.06-0.46-0.760.001.00
(19) Fruit Color )\ 14 0,32 0.34 0.32 034 0,39 0.34 0.40 0.45 0.38 0.42 0.36 0.28 0.54 0,42 0.44-0.171.00
Index (CCI)
(20) Cumulative
Jleld 0.72 0.51 0.56 0.65 0.56 0.34 0.28 0.37 0.32 0.85 0.59 0.75 0.60 0.50 0.67 0.740.45-0.570.251.00

Table 11. p-value from ANOVA about vegetative growth, quality and yield variables of ‘Nules’
clementine.

(V]

m 2 G @ G G @O 6 O 1 a1 a2 13) 14 a5 de) @17) 1s) (19) 0)

(1) N rate
(2) Tree 0.000
height 2
3)
Canopy
diameter
<0.000.0010.002

(4) SPAD 0o 2 3

0.001<0.00
01
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(5)
Pcrz;’:cliiyo 0.001<0.00<0.000.002
! 01 01 3
nal unit
area
(6)

Diameter0.013<0.00<0.000.012<0.00
of the 5 01 01 4 01
variety
7)
Diameter0.045<0.00<0.000.057<0.00<0.00
of the 9 01 01 7 01 01
rootstock
(8) TCSA 0.014<0.00<0.000.013<0.00<0.00<0.00
variety 1 01 01 6 01 01 01
(9) TCSA 0.038<0.00<0.000.045<0.00<0.00<0.00<0.00
rootstock 5 01 01 8§ 01 01 01 o01
.. .<0.00<0.00<0.00<0.00<0.000.0000.0000.0000.000
0 Yield (" 0 0 o1 o1 1 o4 1 4

Ca(xli))py 0.000<0.00<0.000.002<0.00<0.00<0.00<0.00<0.00<0.00
01 o1 1 01 01 01 01 01 o1
volume
12)
Yield/can

opy <0.000.0480.3080.0000.3080.1000.1510.0780.126<0.000.153

projectio 01 9 8 1 9 9 9 4 4 01 1

nal unit

area

(13) Fruit<0.00<0.00<0.00<0.00<0.000.0020.0060.0040.010<0.00<0.000.010

weight 01 01 01 01 01 4 9 8 2 01 01 1

(14) Fruit<0.00<0.00<0.000.000<0.000.0090.0220.0150.0300.000<0.000.078<0.00

diameter 01 01 01 1 01 3 9 8 7 1 01 8 01

(15) Juice <0.00<0.00<0.00<0.00<0.00<0.000.000<0.000.000<0.00<0.000.000<0.00<0.00

content 01 01 01 01 01 01 2 01 1 0 01 5 01 01

(16)  <0.00<0.00<0.00<0.00<0.000.0000.0000.0000.000<0.00<0.000.000<0.000.000<0.00
Acidity 01 01 01 01 01 1 3 1 2 01 01 4 01 2 o01
(17) Solid

soluble 0.000<0.00<0.000.000<0.000.0010.0010.0020.002<0.00<0.000.192<0.00<0.00<0.000.000
content 1 01 01 2 0 2 8 8 9 01 01 6 01 01 01 1

(°Brix)
R 8)  .0000.0500.1620.0020.1620.0750.1050.0480.0620.0010.0960.0000.1200.7460.009<0.00 0.98
penmng 4, 3 3 3 3 3 5 2 9 1 9 9 3 2 4 01 4
Index
(19) Fruit

Color 0.0270.0150.0800.0680.0800.0630.0330.0630.0300.0110.0370.0190.0520.1330.0020.021 0.01 0.37
Index 6 7 8 2 8 8 8 1 0 9 0 5 0 7 3 8 46 98

(can

Cu:121(1)1)1ati<0'00 0.0030.0010.0000.0010.0670.1320.0460.086<0.000.000<0.000.0000.004<0.00<0.00 0.01 0.00 0.17
. o1 6 3 1 3 9 5 6 3 01 7 0 4 8 01 01 16 09 93

ve yield

4. Discussion

Vegetative growth

The vegetative growth of Nules clementine was affected by the nitrogen rate and citrus rootstock
genotype. The results show a significant effect on tree height, canopy diameter, canopy volume,
diameter of the rootstock, diameter of the variety, TCSA (Trunk cross-section area) rootstock, TCSA
variety, Canopy projectional unit area and SPAD.
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Varying macro fertilization (N) was followed by significant differences on vegetative growth
parameters. There was a gradual promotion on all parameters with increasing levels of N. Significant
differences on such parameters were observed between treatments.

TCSA (trunk cross sectional area) is usually considered to be highly correlated with tree height
and canopy volume [47]. Carrizo citrange trees received T2 (540 N g/tree) treatment had the highest
TCSA-rootstock and TCSA-variety. Similar TCSA values were obtained on C. volkameriana with
‘Clementine’ mandarin [48].

These results concerning the effect of nitrogen fertilizer rate and rootstocks are nearly in the
same line with those obtained in a previous study [49]. Bassal [49] reported that the trees budded on
Carrizo citrange and ‘Swingle’ citrumelo were taller than those grafted on Cleopatra mandarin.
Similar results were obtained by Kaplankiran et al., [50]. These results may be explained by the
greater canopy volume of trees grafted on Carrizo citrange when compared to those of other
rootstock tested.

Yield

For the cumulative yield based on a five-year period, Carrizo citrange had significantly greater
yield on the trees fertilized with T2(540 N g/tree) than Flhorag in Nules.

Yield was progressively increased with increasing levels of N. The application of the treatment
T2 (540 N g/tree) was very beneficial for improving yield than other treatment. Carrizo citrange had
the greatest yields for 2016 to 2020 and Yield/canopy projectional unit area.

These results regarding the effect of N fertilization on fruit yield are in harmony with those
obtained by other studies [23,24,32,51,52]. This can be explained by the significant and positive
correlation founded between N fertilization rate and total fruit yield. Increasing the N rate improve
the fruit set of citrus trees and, consequently, the number of fruits produced per canopy volume unit.
The data presented are in agreement with those reported by Du Plessis and Koen [53] who's observed
that the maximum fruit yield of orange trees was attained at 225kg.ha-'of N and 310kg.ha" of K.

Previous studies showed that fruit yield of Coorg mandarin improved with the increase in the
level of N supply in trees grafted on Rangpur lime and trifoliate stocks. The application of 668g N/tree
for Coorg mandarin/Rangpur lime and 623g N/tree for Coorg mandarin/trifoliate stocks trees is
optimum for increasing fruit yield. The NPK recommended fertilizer rate to obtain higher yields with
good fruits quality was 670g N-100g P-400g K (per tree) for citrus scion budded on vigorous
rootstocks and 625g N-100g P-400g K (per tree) for those grafted on dwarf rootstocks [54].

Results regarding the effect of citrus rootstocks on yield clearly show that yield was varied
according to rootstockgenotype. Nules clementine trees grown on Carrizo citrange rootstock
produced higher yield than the trees on Flhorag rootstock. Georgiou [55] reported that sour orange
had higher cumulative yields when compared to Carrizo and Troyer citranges. In the present study,
Flhorag had less cumulative yield than Carrizo citrange. In a two-year study by Temiz [56], the
highest yield was recorded from the Carrizo citrange for Nova. Reese and Koo [57] demonstrated
that the highest yield of oranges varieties grafted on Rough lemon rootstock was observed at N rate
of 202 kg-ha.

In the present study, Nules was grafted on Flhorag and Carrizo citrange rootstock; therefore, the
positive response to increasing N fertilization rate could be related to the differential nutrient need
according to rootstock genotype, as recently reported [58,59]. Mattos [58] observed that sweet orange
trees budded on Cleopatra rootstockhas a significantly and higher response to N fertilization supply
than those grafted on Rangpur lime rootstock [59,60]. This may explain that rootstock genotype
probably plays an important role in determining the response of citrus trees to nitrogen fertilization
than citrus cultivars.

A significant relationship between canopy volume and fruit yield was demonstrated. Citrus
trees require nutrients for growth and increasingly for fruit yield. Fruit yield increase with canopy
volume for both Flhorag and Carrizo citrange rootstock and with nitrogen rate. The fruit yield has a
significant linear response to N rate as observed.This last observation is important to establish the
best fertilization management of citrus orchards to achieve an optimal fruits yield and quality. Mattos
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[58] observed that fruit yield increased with increasing fertilizer rates of N and K on trees either
budded on Rangpur lime or Cleopatra mandarin rootstocks.

Fruit quality variables

The fruit quality variables were affected by the N rate and rootstock genotype in Nules
clementine. Application of 540 N g/tree was very effective in improving size, weight and fruit quality
(juice content, total acidity, Solid soluble content, Ripening Index and fruit color CCI).They have a
significant linear response of Acidity (%) and Solid soluble content (SSC) to N fertilization rate. A
significant effect on fruits quality was obtained with the treatment (T2). Application of T2 (540 N-135
P205-270 K2O in g/tree) gave an improved fruit quality of Nules clementine under both two
rootstocks. The important role of N, P and K on the biosynthesis and translocation of carbohydrates
that leads to enhance fruit maturity could explain the present results. The improving effect of NPK
on citrus fruits quality was supported by other researchers [23,24,33,34]. These results are in the same
line of those obtained by Huchche et al., [61]. Several studies were reported that the Total Soluble
Solids (TSS) content of oranges was significantly improved as the nitrogen (N) rate increased [57,62—
64], while other researchers observed the opposite trends [65-67].

Citrus rootstock genotype significantly influence on various chemical characteristics of citrus
fruits. The fruit quality parameters of Nules clementine budded on Carrizo citrange rootstock were
better than those grafted on Flhorag rootstock. These results were confirmed by the findings of Castle
et al, [36]. Demirkeser et al.,[68] on Nova mandarin and Mendilcioglu [69] on Satsuma founded that
Troyer and Carrizo citrange had higher fruits size and weight as compared to sour orange rootstock.

The fruit color of Nules was affected by the rootstock genotype and the nitrogen rate. The CCI*
fruits of Nules trees fertilizer under T2 (540 N g/tree) and grafted on Carrizo citrange and Flhorag
rootstocks has the highest CCI* value (7.01 £ 0.52 and 7.21 + 0.48), previous research reported that the
best color of Lane late fruit is found on trees grafted on Citrus macrophylla and Citrus volkameriana
[70,71].

However, other studies reported no differences in juice quality of Fallglo and Sunburst
mandarin cultivars regarding to rootstocks genotype. Also they reported that fruit weight and juice
content of both mandarin cultivars were not influenced by the rootstocks [72]. These results are
consistent with the previous findings of Mourao Filho et al., [73] and Demirkeser et al., [68], in which
the fruit weight of Satsuma mandarin [68] and Robinson mandarin [72] was not affected by rootstock

genotype.

5. Conclusions

The results of this study reveal the significant effect of N rates and rootstocks genotype on
vegetative growth, yield and fruit quality of Nules clementine. There is a positive relationship
between canopy volume and fruit yield. Carrizo citrange seem to be a more efficient rootstock for
Nules variety than Flhorag under experiment growing conditions. Nules trees grafted on Carrizo
citrange produce a higher yield and the optimal fruit quality using 540g of N/tree/year.

In conclusion, the optimal NPK rate for achieving optimal yield and fruit quality of Nules
clementine in Sidi Allal Tazi-Gharb (Morocco) conditions was 540 N-135 P205-270 K20 g/tree/year.
This study provides valuable insights for farmers and citrus producers to improve the growth, yield,
and quality of Nules clementine fruit trees in similar soil and climatic conditions.
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