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Abstract

This study was carried out in the experimental orchard, Faculty of Agricul-
ture, Assiut University, Egypt, to investigate the possibility of replacing nitrogen
fertilization of Balady mandarin orchards by humic acid or seaweed extract dur-
ing 2014, 2015 and 2016 seasons.

The experiment was arranged in a randomized complete block design with
three replications per treatment, one tree each. Mineral nitrogen fertilization was
splitted into three equal batches and added in March, May and August, while lig-
uid nitrogen as organic form was added once in March. Seaweed extract spraying
and humic acid as soil dressing were applied three times on mid of March, June
and August.

The obtained results could be summarized as follow:

Using recommended nitrogen dose (RND) via liquid organic-N, as well as a
combination of inorganic or organic plus humic acid or seaweed significantly in-
creased the growth traits as well as N, P, K and total chlorophyll of leaves com-
pared to the use of RND via mineral-N (check treatment).

The maximum values of these traits were recorded on trees that fertilized
with the triple form (33% mineral and 33 g humic acid plus 33% seaweed). No
significant differences due to fertilize via triple form using either organic or min-
eral form, as well as via double form using either humic acid or seaweed extract.

Fertilization via either double or triple forms could achieve a beneficial im-
provement to the nutrient status and C/N ratio of trees since it increased the
yield/tree compared to the use of RND via mineral-N only.

Using double or triple forms improved the fruit quality in terms of increas-
ing fruit weight, pulp percentage, total soluble solids, sugar and vitamin C con-
tents and decreasing the total acidity compared to the use of RND via mineral-N
source only. The best fruit quality was recorded due to triple forms.

It is evident from the foregoing results that replacing 25 to 66% of nitrogen
fertilization by humic acid or/and seaweed extract improved the tree nutrient
status, yield and fruit quality. In addition, it minimized the production costs and
environmental pollution which could be occurred by excess of chemical fertiliz-
ers. Theremore, the growers are able to produce organic farming products.

Keywords: Fertilization, Humic acid, Seaweed, Balady mandarin, Nutrient status, Yield,
Fruiting.

Introduction countries occupying a special priority
Citrus is the most important in the international trade. In addition,
world crop after grapes. It is one of citrus is the most important fruit crop

the most cash crops in more than 140 in Egypt and its cultivation had in-
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creased dramatically during the past
ten years. The cultivated areas by cit-
rus orchards were 395730 feddans
and produced 3730685 ton fruits.
Mandarin trees occupied 101342 fed-
dans and producing 885365 tons, ac-
cording to the annual statistics of
Ministry of Agriculture in 2015.

Mandarin  (Citrus reticulate,
Blanco) is one of the most important
citrus fruit in many countries includ-
ing Egypt. The major mandarin pro-
duction in Egypt is confined to local
Balady cultivars which belongs to
common Mediterranean mandarin
group.

Fertilization is one of the most
important tools in increasing crop
yield, especially with nitrogen. Nitro-
gen fertilization effects depend upon
the nutrient status of the cultivated
soil, as well as the applied amount,
sources and methods of N applica-
tions (Yagodin, 1990). Nitrogen fer-
tilizer under field condition and sur-
face irrigation soils usually ranged
between 30 and 40% (Sahrawat,
1979).

It is well known that citrus
needs large amounts of fertilizers es-
pecially nitrogen. So, the major prob-
lems facing growers are the high cost
of excessive manufactured fertilizers
needs for plants. Besides, these
chemical fertilizers are considered as
air, soil and water polluting agents
during their production and utiliza-
tion.

So, biological fertilization plays
an important role in increasing the
yield and fruit quality as well as, it
has corrective techniques for avoid-
ing the diverse hazards induced by
chemical application (Subba Rao et
al., 1993). Bio-fertilizers are mainly
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consisted of beneficial microorgan-
isms that can release nutrients from
rock and plant residues in the soil and
make them available for economical
crop (El-Haddad et al., 1993; Kan-
naiyan, 2002 and El-Salhy et al,
2010).

Using organic fertilizers in cit-
rus orchard means producing clean
fruit and juice without using chemi-
cals and reducing to the lower extent
the application of mineral fertilizers.
Using organic fertilizers covers all
forms of organic soil amendments
and it depends on using recycle ani-
mal manure and farm residues to pro-
duce a composite for enhancing the
biological cycles, improving soil fer-
tility and avoiding all forms of pollu-
tion that may result from conven-
tional agriculture techniques (Miller
et al., 1990; Yagodin, 1990; Obreza
and Ozores, 2000 and El-Salhy ef al.,
2010).

Humic acid is a bio-stimulant,
which acts as a growth booster by in-
flicting positive effects on soil and
plant characteristics. It is a complex
mixture of aromatic organic acid with
diverse functional groups bearing
sulphur, nitrogen, phosphorus, car-
bon, hydrogen and oxygen in varying
percentages and metal ions (Zhang
and Ervin, 2004).

Humic acid produces dominant
effects on plants by stimulating en-
zyme activity, membrane permeabil-
ity, photosynthesis (Muscolo et al.,
2007), respiration (Nardi et al.,
2002). Maintaining transpiration rate,
increasing protein and vitamin con-
tents and yield of dry matter (Liu et
al., 1998).

Seaweed extracts have long
been recognized as excellent natural
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fertilizers and sources of organic mat-
ter. The benefits of using seaweed
extract over time when an application
program is followed over number of
seasons. They had higher amounts of
C, N, P, S, K, Mg, Ca, Fe, Mn, Zn,
Cu and Mo (Tung et al., 2003 and
Fornes et al., 2005).

Applying humic acid, organic
and bio-fertilizer may be useful in
minimizing the amount of mineral
fertilization (Abd El-Monem et al.,
2008).

Producing organic or healthy
citrus fruits was not achieved without
using bio-fertilizers. They may help
in improving crop productivity by in-
creasing the biological N fixation, the
availability and uptake of nutrients
and stimulation of natural hormones.
Hence, the use of organic and bio-
fertilizers had often been reposed as
an ideal method to improve citrus
trees production (Subba Rao et al.,
1993; Boutrous et al., 1995; Hegab et

al., 1997; Ebrahim et al., 2000; El-
Salhy et al., 2002; Kannaiyan, 2002;
El-Salhy et al., 2006; Ahmed et al.,
2008; Abdo, 2008 and El-Salhy et al.,
2010).

So, the goal of this study was
examining the possibility of replacing
mineral-N fertilizers partially by us-
ing humic acid and seaweed to im-
prove the growth and fruiting of Bal-
ady mandarin trees.

Materials and Methods

The present study was carried
out during the three successive sea-
sons of 2014, 2015 and 2016 on 45
years old Balady mandarin trees (Cit-
rus reticulata, Blanco) budded on
sour orange root stock and planted at
5x5 m apart. They were grown on the
Experimental Orchard of the Faculty
of Agriculture, Assiut University,
Egypt, where the soil has a clay tex-
ture (Table 1) and irrigated via sur-
face irrigation and it is well drained.

Table 1. Analysis of the soil of the experimental site before starting the study.

Characters Value Character Value
Sand (%) 21.15 Total N (%) 0.14
Silt (%) 31.55 Available P (ppm) 8.25
Clay (%) 48.30 Available K (ppm) 332.15
Texture Clay DTPA-extractable
pH (1:2.5) 8.19 Fe (ppm) 22.70
E.C (1:2.5) (dS/m) 2.26 Mn (ppm) 18.31
Organic matter (%) 1.38 Zn (ppm) 4.6
CaCOs (%) 3.66 Cu (ppm) 3.18

Twenty four healthy trees with
no visual nutrient deficiency symp-
toms and were as uniform as possible
were chosen and assigned for carry-
ing out this experiment. The chosen
trees were divided into eight groups.
Each group received one fertilization
regime management as the following.
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1. Application of the recom-
mended dose of N (1000g N/tree)
completely via inorganic N sources
(2985 g ammonium nitrate (33.5%
N/tree).

2. Application of 75% the rec-
ommended dose of N through inor-
ganic N sources (2239 g ammonium
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nitrate/tree) and humic acid (25
g/tree).

3. Application of 75% the rec-
ommended dose of N through inor-
ganic N sources (2239 g ammonium
nitrate) and spraying seaweed extract
at 25 g/5SLwater/tree.

4. Application of the recom-
mended dose of N (1000 g N/tree)
completely via organic N sources
(liquid organic 3L/tree).

5. Application of 75% the rec-
ommended dose of N through organic
N sources (liquid organic ammonium
2.25 L) and humic acid (25 g/tree).

6. Application of 75% the rec-
ommended dose of N through organic
N sources (liquid organic 2.25 L) and
spraying seaweed extract at 25
g/5L/tree.

7. Application of 33% the rec-
ommended dose of N through inor-
ganic N sources (985 g ammonium
nitrate), plus humic acid 33 g) and
spraying seaweed extract at 33 g/5L/
tree.

8. Application of 33% the rec-
ommended dose of N through organic
N sources (liquid organic 1 L), plus
humic acid (33 g) and spraying sea-
weed extract at 33 g/5L/tree.

Liquid N fertilizer was added
once at spring growth cycle started at
the first week of March. Ammonium
nitrate (33.5% N) as a fast release N
fertilizer as splitted into three equal
batches and added on the first week
of March, May and August.

Seaweed extract spraying was
applied three times on mid of March,
June and August. Humic acid was
adding as soil dressing at the same
times of seaweed.

The experiment was set in a
randomized complete block design
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with three replications per treatment,
one tree each.

The following parameters were
measured during the three growth
seasons.

Vegetative growth, leaf chlorophyll
and nutrient status:

Four main branches which were
nearly uniform in growth, diameter
and foliage density and distribution
around the periphery from each tree
were chosen and labeled in February.
In the autumn growth cycle, the fol-
lowing vegetative characters were
measured:

Shoot length (cm), leaf num-
ber/shoot, leaf area (cm®) were esti-
mated by bicking and weighing 30
full mature leaves/tree and weighing
60 sections (2 sections of 1 cm?/leaf)
were recorded, then the average leaf
area (cm’) was calculated as leaves
weight (g) x 2/sections weight (g),
leaf chlorophyll content was recorded
by using chlorophyll meter (Minolta,
SPAD 502 plus). Using ten
leaves/replicate from the fourth ter-
minal expended leaf of the shoot.

N, P and K in leaves and total car-
bohydrates and nitrogen shoots:

Samples of fifty mature leaves
were randomly selected from the non
fruiting shoots of the spring flush in
mid September to determine N, P and
K in leaves. Nitrogen was determined
in shoots using the digestion with a
mixture of sulfuric acid and hydrogen
peroxides, according to standard
methods outline by (Champan and
part, 1975 and Wilde et al., 1985).
Another part of each ground dried
shoot sample was used to determine
the total carbohydrates according to
Smith et al. (1956).



Assiut J. Agric. Sci., (48) No. (4) 2017 (185-199)
Website: http://www.aun.edu.eg/faculty agriculture

ISSN: 1110-0486
E-mail: ajas@aun.edu.eg

Yield and its components:

At harvesting time, during the
last week of December, the number
of fruit per tree was counted and then,
the yield per tree was calculated.
Fruit Quality:

Samples of 10 fruits were ran-
domly taken from each tree to esti-
mate the fruit quality. The fruit
weight and the chemical fruit quality
such as total soluble solids %, total
acidity %, ascorbic acid and sugar
contents % were determined accord-
ing to A.O.A.C. methods (1995). The
obtained data were statistically ana-
lyzed according to Gomez and Go-
mez (1984) and Mead et al. (1993)
the new L.S.D. test was used to de-
fine the significance of the differ-
ences between the various treatment
means.

Results

1- Vegetative growth:

Data in Tables (2 & 3) showed
the effect of organic nitrogen fertili-
zation as well as seaweed extract and
humic acid treatments on shoot
length, leaf number/shoot, leaf area
and total chlorophyll percentage of
Balady mandarin trees during 2014,
2015 and 2016 seasons. It is obvious
from the data that the results took
similar trend during the three studied
seasons.

Using the recommended nitro-
gen dose (RND) via liquid organic-N
(T4) as well as a combination of inor-
ganic plus humic acid (T;) or sea-
weed (T;) significantly increased the
shoot growth and leaf traits compared
to the use of RND via mineral-N
(check treatment T).

The maximum value of shoot
length and leaf traits were obtained
due to the fertilization with 33 g hu-
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mic acid + 33 g seaweed + 33% of
RND via mineral-N (T). No signifi-
cant differences due to fertilization
via triple form whether using mineral
(T4) or organic (Tg) sources, as well
as, via double form using humic acid
(T, & Ts) or seaweed extract (Tz; &
T6).

The highest value of shoot
length was 52.39 cm, leaf area was
9.46 c¢m” and chlorophyll percentage
was 68.25% (as an av. of the three
studied seasons) due to fertilization
via triple form (T;). On the other
hand, the corresponding least values
were 42.10 cm, 7.50 cm® and 55.9%
(as an av. of the three studied sea-
sons) were detected on trees that fer-
tilized with the recommended dose of
nitrogen (RND) via mineral (Ty).

Hence, the increment percent-
age attained 24.44, 26.13 & 22.09%
(as an av. of the three studied sea-
sons) for shoot length, leaf area and
chlorophyll percentage due to fertili-
zate via triple form (33% mineral
plus 33% humic acid and 33% sea-
weed extract, T;) compared to check
treatment (100% inorganic, T;), re-
spectively.

2- Percentage of N, P and K in
leaves, as well as, total carbohy-
drates, nitrogen and C/N ratio of
shoots:

Data presented in Tables (4 &
5) showed the effect of different ni-
trogen fertilization treatments on leaf
content of N, P and K as well as
shoot contents of carbohydrates, ni-
trogen and C/N ratio of Balady man-
darin trees during 2014, 2015 and
2016 seasons. Data in the above men-
tioned tables revealed that the per-
centage of N, P and K in leaves var-
ied significantly according to the dif-
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ferent studied applications. It is obvi-
ous from the data that results took
similar trend during the three studied
seasons.

Fertilization via either organic
only (Ty4), or double form, mineral-N
plus humic acid (T,), mineral-N plus
seaweed (T3), organic plus humic
acid (Ts), organic plus seaweed (Ts),

as well as triple form, mineral-N plus
humic acid and seaweed (T;) or or-
ganic-N plus humic acid and seaweed
(Tg) significantly increased the N, P
and K contents of leaves as well as
total carbohydrates, nitrogen and C/N
ratio of shoot compared to the use of
mineral-N only (Ty).

Table 2. Effect of different nitrogen fertilizer sources on shoot length (cm) and lat-
erals number/shoot of Balady mandarin trees during 2014, 2015 and 2016

seasons.
Char. Shoot length (cm) Laterals number/shoot
Treat. 2014 [ 2015 | 2016 | Mean| 2014 [ 2015 | 2016 [ Mean
100% RND, mineral T, 40.0536.05| 50.20 [ 42.10| 5.33 | 6.33 | 8.00 | 6.56
75% RND, min and 25 HA. T, 48.1144.38| 55.11 ({49.20| 7.00 | 7.33 | 9.00 | 7.78
75% RND, min and 25SW  T; 46.36 |44.34| 55.81 [ 48.84| 6.00 | 8.00 | 9.00 | 7.67
100% RND, organic T, 43.9041.50| 53.93 [46.44| 8.00 | 6.67 | 9.00 | 7.89
75% RND org and 25 H.A. Ts 44.24143.95| 54.58 [47.59| 8.00 | 8.00 | 10.00 | 8.67
75% RND org and 25 S.W T 42.1639.25|55.27 [45.56 | 7.00 | 7.67 | 9.33 | 8.00
33% min., 33% H.A and 33% S.W T, 49.82149.64| 57.71 [ 52.39| 9.00 {10.00| 11.00 | 10.00
33% org., 33% H.A. and 33% S.W.Tg 49.99 |46.67| 56.12  50.93 | 9.00 | 9.00 | 10.00 | 9.33
New LSD 5% 2.25 12.08 | 2.71 0.78 | 1.08 | 1.22

Table 3. Effect of different nitrogen fertilizer sources on number of leaves, leaf
area (cmz) and chlorophyll content of Balady mandarin trees during 2014,

2015 and 2016 seasons.

Char. Number of leaves Leaf area (cm’) Chlorophyll SPAD vule
Treat. 2014 | 2015 | 2016 | Mean | 2014 | 2015 | 2016 | Mean | 2014 | 2015 | 2016 | Mean
T, 28.00 | 22.41 [ 33.11|27.84 | 7.46 | 7.52 | 7.52 | 7.50 |49.27 | 53.68 | 64.75 | 55.90
T, 40.67127.00 [ 43.18 | 36.95 | 7.77 | 9.15 | 8.25 | 8.39 |52.29|56.77|70.26 | 59.77
T; 38.00 | 27.22 | 42.0 |35.74| 7.59 | 9.18 | 8.52 | 8.43 | 56.54|62.43 | 71.67 | 63.55
T, 35.53125.0837.20 | 32.60 | 7.65 | 8.87 [ 822 | 8.25 | 51.66|60.27 | 69.36 | 60.43
Ts 38.96 129.03 | 39.61 | 35.87 | 8.20 | 8.59 | 859 | 8.46 |51.73 | 6431 | 69.34 | 61.79
Te 38.85(26.52|38.30 | 34.56| 7.84 | 9.41 | 8.41 | 8.55 |55.84|60.70 | 71.77 | 62.77
T, 40.03 1 29.88 [ 44.1538.02 | 9.32 | 9.74 | 9.33 | 9.46 | 64.63 | 66.44 | 73.68 | 68.25
Ty 42.50 1 28.38 [42.51|37.80 | 8.50 | 9.65 | 9.06 | 9.07 | 61.36 | 64.75 | 73.60 | 66.57
NewLSD5% [ 1.99 | 2.29 | 2.58 0.31 | 0.38 | 043 1.96 | 2.31 | 1.86
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Table 4. Effect of different nitrogen fertilizer sources on contents of N, P and K%
in leaves of Balady mandarin trees during 2014, 2015 and 2016 seasons.

Char. N % P % K %

Treat. 2014 [ 2015 [2016 [ Mean | 2014 | 2015 | 2016 | Mean | 2014 | 2015 | 2016 | Mean
T, 2.18 | 2.15 | 2.45 | 2.26 | 0.172]0.190 [ 0.183 | 0.182 | 1.14 | 1.10 | 1.09 | 1.11
T, 2.50 | 2.22 | 2.57 | 2.43 |0.230 | 0.255 [ 0.246 | 0.244 | 1.39 | 1.26 | 1.44 | 1.36
T, 2.32 | 2.28 | 2.60 | 2.40 | 0.238]0.2620.254 | 0.251 | 1.55 | 1.30 | 1.23 | 1.36
T, 232 | 2.26 | 2.57 | 2.38 |0.223]0.248 [0.239(0.237| 1.34 | 135 | 1.23 | 131
Ts 241 | 2.37 | 2.57 | 2.45 | 0.260 | 0.285 | 0.263 | 0.269 | 1.32 | 1.56 | 1.40 | 1.43
T, 2.35 | 2.57 | 2.61 | 2.51 | 0.2480.258 [ 0.248 | 0.251 | 1.47 | 1.39 | 1.26 | 1.37
T, 2.59 | 2.83 |2.77 | 2.73 | 0.261|0.283 [0.273 | 0.272 | 1.60 | 1.61 | 1.55 | 1.59
Ty 2.56 | 2.87 | 2.68 | 2.70 ] 0.242]0.276 [ 0.261 | 0.260 | 1.52 | 1.62 | 1.54 | 1.56

New LSD 5% | 0.09 | 0.10 | 0.11 0.025[0.018 [ 0.016 0.05 | 0.04 | 0.05

Table 5. Effect of different nitrogen fertilizer sources on shoot total carbohydrates
%, shoot total nitrogen % and C/N ratio of Balady mandarin trees during

2014, 2015 and 2016 seasons.

Char.| Shoot total carbohydrates % Shoot total nitrogen % C/N ratio

Treat. 2014 | 2015 | 2016 | Mean | 2014 | 2015 | 2016 | Mean | 2014 | 2015 | 2016 | Mean
T, 11.67 | 9.49 | 13.10 | 11.42 | 147 | 1.57 | 1.68 | 1.57 | 794 | 6.04 | 7.38 | 7.26
T, 1643 | 13.10 | 19.15 | 16.23 | 1.70 | 1.63 | 1.84 | 1.66 | 9.66 | 8.04 | 10.41 | 9.37
T; 17.80 | 13.30 | 16.78 | 16.48 | 1.63 | 1.64 | 1.85 | 1.69 | 10.94 [ 811 | 9.09 | 9.38
T, 1541 | 1525 | 16.68 | 15.78 | 1.64 | 1.69 | 1.85 | 1.72 | 9.41 | 9.02 [ 9.03 | 8.34
Ts 15.30 | 16.03 | 18.85 | 16.73 | 1.71 | 1.74 | 1.89 | 1.78 | 895 [ 9.21 | 9.97 | 9.38
Ts 1641 | 17.12 | 16.70 | 16.75 | 1.77 | 193 | 1.86 | 1.87 | 9.26 | 887 | 8.96 | 9.03
T, 21.65 1 20.86 | 23.15 | 21.88 | 1.84 | 1.99 [ 1.97 | 1.99 | 11.79 | 10.48 | 11.77 | 11.50
Ty 18.64 | 20.41 | 21.78 | 20.28 | 1.77 | 1.98 [ 1.93 | 1.94 | 10.51 | 10.34 | 11.27 | 10.71

NewLsD5% | 1.77 | 1.96 | 1.93 0.06 | 0.05 | 0.08 0.78 | 0.89 | 0.85

The maximum values of N, P,
K% and C/N ratio were 2.73, 0.272,
1.59 and 11.50% (as an av. of the
three studied seasons) due to triple
form (mineral-N plus humic acid and
seaweed, T, respectively

No significant differences were
seen between fertilization via triple
form due to either the use of the min-
eral-N or organic as well as, due to
the use of double form, whatever,
humic acid or seaweed extract.

Contrarly, the last correspond-
ing values were 2.26, 0.182, 1.11 and
7.26 due to fertilize via mineral-N
only (T;). Hence, the corresponding
increment percentage attained 20.80,
49.45, 43.24 & 58.40 (as an av. of the
three studied seasons) due to the tri-

191

ple form compared to the use of min-
eral-N only (Ty), respectively.

From the above mentioned re-
sults, it could be noticed that using
combination of humic acid and sea-
weed is very effective in vigour and
nutrient status of trees compared to
the using of mineral nitrogen only.

Therefore, i1t could be concluded
that fertilization by a combined two
or three sources of nitrogen would
achieve a beneficial improvement of
the vigour and nutritional status of
trees.

3- Yield and its components:

As a general overlook to the re-
sults in Table (6) it could be observed
that the number of fruit/tree and yield
were significantly increased by using
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a combination of mineral-N plus ei-
ther humic acid (T,) or seaweed (T3)
organic nitrogen alone (T4) or in
combination with humic (Ts), sea-
weed (Te) as well as triple form (T; &
Tg) compared to the use of RND via
mineral-N source alone (check treat-
ment, Ty).

The maximum value of number
of fruit/tree was 307.53 fruit and the
yield was 49.25 kg/tree (as an av. of
the three studied seasons) due to the
use of RND via triple form (T).
Whereas, the minimum value of the
yield/tree was 29.83 kg/tree due to
RND via mineral-N only (Ty).

Hence the increment of yield
/tree due to T; attained 65.10% (as an
av. of the three studied seasons) com-
pared to check treatments (Tj).

Also the yield/tree due to fertili-
zation via mineral-N combined with
humic acid (T,) was 41.90, combined
with seaweed (T;) was 42.49 kg (as
an av. of the three studied seasons).
Moreover, the yield/tree was 42.74 &
44.34 kg/tree (as an av. of the three
studied seasons) due to organic plus
humic acid (Ts) and organic plus
seaweed (Ts), respectively. Hence the
increment percentage of yield/tree
attained 40.46, 42.44, 4328 &
48.64% (as an av. of the three studied
seasons) due to T,, T3, Ts and Tg
compared to Ty, respectively.

There are no significant differ-
ences between fertilization via any
form of double forms. As well as no
significant differences between fer-
tilization via triple form whether us-
ing mineral-N or organic.

It is clear that the use of double
form or triple form (mineral plus or-
ganic and bio) have beneficial effects
on C/N ratio and yield. In addition,
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such fertilization treatments reduce
the cost of production and environ-
mental pollution problems.

4- Fruit properties:

Data illustrated in Tables (7 &
8) showed the effect of different
sources of organic and bio-
fertilization on fruit weight, % pulp
weight, total soluble solids, sugar and
V.C content as well as total acidity of
Balady mandarin fruits during 2014,
2015 and 2016 seasons. In general,
the obtained results took similar trend
during the three studied seasons.

Data revealed that, fertilization
with organic, double form or triple
form improved the fruit quality in
terms of increasing the fruit weight,
pulp percentage, total soluble solids
(TSS), sugar and vitamin C contents
and decreasing the total acidity com-
pared to the use of the recommended
dose of nitrogen (RND) via mineral-
N source.

The high values of fruit weight
were 151.43, 156.38 & 163.27 g and
TSS were 11.34, 11.63 & 12.13% and
V.C. were 64.13, 66.08, 69.86
mg/100 g (as an av. of the three stud-
ied seasons) due to T,, Ts and T, re-
spectively. Whereas, the least value
of fruit weight was 141.26 g, TSS
was 10.81% and vitamin C was 59.79
mg/100g (as an av. of the three stud-
ied seasons) due to check treatment
(T,), respectively.

Hence, the increment percent-
ages of the fruit weight were 7.20,
10.70 & 15.13% and of TSS were
4.90, 7.58 & 12.21% and of vitamin
C were 7.26, 10.52 & 16.84% (as an
av. of the three studied seasons) due
to T,, Ts and T; compared to Ty, re-
spectively.
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Table 6. Effect of different nitrogen fertilizer sources on fruit number/tree and
yield/tree (kg) of Balady mandarin trees during 2014, 2015 and 2016 seasons.

Char. Number of fruit/tree Yield/tree (kg)
Treat. 2014 2015 2016 Mean 2014 2015 2016 Mean
T, 236.38 | 131.18 | 285.25 217.60 28.85 19.53 41.12 29.83
T, 284.33 | 191.48 | 369.31 281.71 37.50 30.91 57.30 41.90
T; 265.26 | 189.21 374.14 276.20 36.18 31.53 59.76 42.49
Ty 296.38 | 196.60 | 376.18 289.72 39.65 32.18 60.31 44.05
Ts 273.95 | 190.16 | 360.85 274.99 36.68 31.89 59.65 42.74
Ts 311.18 | 203.11 352.36 288.88 42.50 33.80 56.71 44.34
T, 321.79 | 211.15 | 398.65 307.53 46.36 37.00 64.39 49.25
Ts 311.63 | 206.53 | 383.16 300.44 45.51 35.58 62.68 47.92
New LSD 5% | 15.08 11.32 18.34 2.11 1.68 1.83

Table 7. Effect of different nitrogen fertilizer sources on fruit weight (g) and pulp weight
(%) of Balady mandarin fruits trees during 2014, 2015 and 2016 seasons.

Char. Fruit weight (g) Pulp weight %
Treat. 2014 2015 2016 Mean 2014 2015 2016 Mean
T, 125.48 152.80 145.50 141.26 62.72 80.17 67.27 70.05
T, 132.87 163.31 158.11 151.43 70.02 85.14 71.33 75.50
T; 136.87 168.60 160.25 155.24 69.22 85.09 70.37 74.89
Ty 134.03 165.67 162.18 153.96 67.80 83.55 69.80 73.72
Ts 135.15 170.18 163.80 156.38 69.17 84.82 71.70 75.23
Ts 137.57 168.11 164.20 155.63 69.83 84.88 70.43 75.05
T, 146.71 176.30 166.81 163.27 70.69 85.23 72.51 76.14
Ts 146.50 172.80 164.50 161.27 67.65 85.11 70.97 74.58
New LSD 5% | 6.55 5.94 6.59 1.71 1.88 1.66

Table 8. Effect of different nitrogen fertilizer sources on total soluble solids %, acidity %
and V.C. (mg/100g/juice) of Balady mandarin juice during 2014, 2015 and 2016 sea-
sons.

Char. T.S.S. (%) Acidity (%) V.C. (mg/100 g juice)

Treat. 2014 | 2015 | 2016 | Mean | 2014 | 2015 | 2016 | Mean | 2014 | 2015 | 2016 | Mean

T, 9.87 | 10.80 | 11.77 | 10.81 | 1.46 | 1.42 | 1.48 | 1.45 | 52.80 | 67.36 | 59.22 | 59.79

T, 10.33 | 11.50 | 12.20 | 11.34 | 1.30 | 1.21 | 1.40 | 1.30 | 56.00 | 78.40 | 58.00 | 64.13

T; 10.80 | 11.50 | 12.00 | 11.43 | 1.32 | 1.37 | 1.37 | 1.35 | 56.88 | 78.40 | 59.76 | 65.01

Ty 10451 11.09 | 12.15 | 11.23 | 1.34 | 1.37 | 1.39 | 1.37 | 55.31 | 69.98 | 62.70 | 62.66

Ts 10.80 | 11.56 | 12.53 | 11.63 | 1.36 | 1.24 | 1.36 | 1.32 | 57.12 | 78.40 | 62.72 | 66.08

Ts 11.00 | 11.50 | 12.17 | 11.56 | 1.27 | 1.30 | 1.41 | 1.33 | 56.00 | 77.87 | 63.21 | 65.69

T, 11.20 | 12.33 | 12.86 | 12.13 | 1.22 | 1.16 | 1.35 | 1.24 | 60.46 | 82.56 | 66.57 | 69.86

Ts 11.10 | 12.20 | 12.70 | 12.00 | 1.12 | 1.13 | 1.33 | 1.19 | 60.00 | 81.30 | 66.20 | 69.17

NewLsD5%| 0.33 | 0.28 | 0.31 0.13 ] 0.10 | 0.12 1.77 | 1.84 | 1.99
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Table 9. Effect of different nitrogen fertilizer sources on total sugar (%) and reducing
sugar (%) of Balady mandarin juice during 2014, 2015 and 2016 seasons.

Char. Total sugar (%) Reduce sugar (%)

Treat. 2014 2015 2016 Mean 2014 2015 2016 Mean
T, 6.87 8.38 7.67 7.64 2.24 3.03 3.40 2.89
T, 7.50 9.08 8.44 8.34 2.55 3.38 3.90 3.28
T; 7.20 9.05 8.32 8.19 2.48 3.21 3.60 3.10
T, 7.50 8.99 8.14 8.21 2.55 3.26 3.86 3.22
Ts 7.73 9.10 8.79 8.54 2.48 3.52 3.91 3.30
T 7.24 8.97 8.10 8.10 2.44 3.22 3.83 3.16
T, 7.68 9.22 8.66 8.52 2.61 3.46 3.97 3.35
Tg 7.76 9.37 8.82 8.65 2.64 3.53 4.03 3.40

New LSD 5% 0.27 0.36 0.33 0.11 0.10 0.13

Contrarly, using organic nitro-
gen, double form or triple form (min-
eral, humic acid and seaweed extract)
gave the least values of total acidity
compared to fertilize by mineral
source.

The low values of total acidity
were 1.40, 1.42 & 1.30% (as an av. of
the three studied seasons) due to T,
Ts & Tg compared the highest one
(1.65%) due to the use of mineral
source only (T;). Hence, the decre-
ment percentage of total acidity at-
tained 15.15, 13.94 & 21.21% (as an
av. of the three studied seasons) due
to T,, Ts and Tg compared to T, re-
spectively.

There are no significant differ-
ences seen due to fertilization via any
double form, as well as using any tri-
ple fertilization whether mineral-N or
organic. Moreover, using the triple
form gave higher improvement than
using the double form. hence, the
money-wise evaluation of the appli-
cation of these N sources is in fvaour
of triple fertilization form. Such fer-
tilization program is very important
for the production of mandarin fruits,
since the increase of the fruit weight
and size and improving the fruit qual-
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ity induce an increase in the market-
able yield.
Discussion and Conclusion

Nitrogen fertilization is one of
the important tools in increasing crop
yield. Nitrogen plays a key role in the
nutrition of fruit trees. It is a neces-
sary element for chlorophyll, proto-
plasm and nucleic acids (Nijjar,
1985). So, that its application can re-
sult in an increase in the cell number
and size with an increase in the num-
ber and area of leaves.

The organic fertilizers improves
soil physical properties by increasing
nutrient and water holding capacity,
total pore space, aggregate stability,
erosion resistance, temperature insu-
lation and decreasing apparent soil
density. Application of organic fertil-
izers improves the chemical proper-
ties by increasing cation exchange
capacity and soil nutrient content
(Shiralipour et al., 1992).

Humic acid is a complex mix-
ture of aromatic organic acids, with
diverse functional groups bearing
sulphur, N, P, C, H and O, in varying
percentages and metal ions and im-
proves the availability of nutrients to
plants (Zhang et al., 2010). It encour-
ages the conversion elements like N,
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P, Fe. Cu, Mg and Pb into available
forms to plants (Adam et al., 1999).

Humic acid produces dormant
effects on plant by stimulating en-
zyme activity, membrane permeabil-
ity photosynthesis, Muscolo ef al.
(2007), increasing protein and vita-
min content (El-Mohamedy and Ah-
med, 2009) and yield of dry matter
(Liu et al., 1998).

The results of Sharaf et al.
(2011), Abbas et al. (2012), Abdel
Hamied-Sheven (2014) and Al-
Hayani et al. (2016) confirmed the
beneficial effect of using humic acid
on growth, nutritional status, yield
and fruit quality on different orange
and mandarin trees.

The great benefits of bio-
fertilizers on growth and fruiting
were attributed to their positive action
on enhancing microflora activity, soil
fertility, N fixation and availability of
all nutrients (Kannaiyan, 2002).

The promoting effect of sea-
weed extract on growth, nutritional
status of the trees, yield and fruit
quality might be attributed to its
higher own content from natural hor-
mones namely IAA, GA; and cyto-
kinins that are responsible for stimu-
lating all growth characters. Also, it
plays an important role in enhancing
the biosynthesis of most foods and
plant pigments and it is also respon-
sible for enhancing the resistance of
trees (Kulk, 1995 and Fornes et al.,
2005).

The promoting effect of sea-
weed extract on growth, nutritional
status, yield and fruit quality was
supported by the results of (Lugten-
berg et al., 1991; Dahama, 1999; Iri-
zar-Garza et al., 2003; Hegab ef al.,
2005; Gamal, 2006; Hassan Hoda,

2008; Ahmed et al., 2008; Ismail
Omyma et al., 2011 and Abdel-Al et
al.,2012).

Conclusion:

Therefore, i1t could be concluded
that using humic acid and seaweed
extract as organic and bio-fertilizer
sources improve the tree nutrient
status, yield and fruit quality leading
to an increase of the packable yield.
In addition, it minimizes the produc-
tion costs and environmental pollu-
tion which could be occurred by ex-
cess of chemical fertilizers. Further-
more, using organic and bio-
fertilizers improve the soil fertility
and reduce the added fertilization re-
quirements. Thus, the growers are
able to produce organic farming
products.
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