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1 Introduction

Abstract: A study was carried out in a mango orchard on reclaimed land for
two seasons in 2019 and 2020. The experiment was implemented on fifteen
years old mango trees “Fagri Kalan” budded on seedling mango rootstock
and planted at 4 x 4 m. This experiment involved two soil growth stimulants
(K humate, magnetite) and foliar application with cobalt. The experiment
involved two factors, the first one was soil application with K humate by two
levels (50 and 100 g/tree/year) and magnetite by two levels (250 and 500
g/tree /year) plus control, whereas the second factor was a foliar application
with Co as cobalt sulfate by three levels (0, 15, and 30 ppm Co). The exper-
iment was carried out in a factorial experiment in split plot design with three
replicates whereas each replicate was represented by two trees. Result indi-
cated that soil application with K humate at 100 g/tree followed by magnetite
at 250 g/tree or foliar application with Co at 15 ppm alone or the combina-
tion between (K humate at 100 g/tree and cobalt at 15 ppm) gave the highest
values of yield/tree, fruit weight, TSS, reducing sugars, leaf N, P, K, and Fe
content of “Fagri Kalan” mango trees grown under salinity conditions.

however, orchards may produce low tree output and
death as a result of higher salty levels in soil or irriga-

Mango (Mangifera indica L.) is a member of
the Anacardiaceae family and is one of the world's
major tropical and subtropical fruits. It succeeds
in a variety of climatic and soil conditions. Mango
is Egypt's third-largest crop after citrus and
grapes.

Salinity is a significant abiotic factor that lim-
its the growth and production of different crops in
the world (Tester and Davenport 2003). Excess
salts can cause growth loss by disrupting ion ho-
meostasis, water balance, mineral nutrition, and
photosynthetic carbon metabolism (Munns 2002).

Mango cultivation is successful on various
types of soil, particularly newly reclaimed land;

tion water; whereas, mangoes are susceptible to salt,
which causes leaf tips and margins to burn, leaves to
curl, and, in extreme situations, leaf growth, breaking,
as well as tree mortality.

Furthermore, potassium promotes plants in coping
with the harmful effects of salt by improving morpho-
logical, physiological, and biochemical characteristics.
Whereas, among the major macronutrients, potassium
plays a critical role in plant survival in salt-stressed
environments (Mengel and Kirkby 2001). A well-
balanced K/Na ratio is required for proper stomatal
function regulation.  Magnetite has a positive influ-
ence on immobile plant additives, minimizing toxicity
in raw materials and enhancing food safety (Esitken
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and Turan 2004). Also, Magnetic field could be a
substitution for chemical additives, which can re-
duce toxins in raw materials and raise food safety.

Cobalt is a helpful element for higher plants, as
well as an essential component of vitamin Bi
synthesis, which is required for human and animal
nutrition (Young 1983). Cobalt, unlike the other
heavy metals, does not accumulate in humans as
they age. Cobalt concentrations in plants range
from 0.1 to 10 ppm (Palit and Sharma 1994), they
rarely surpass 1 ppm, and 25-100 ppm is regarded
as the threshold for toxicity in plants.

According to Young (1983) depending on co-
balt levels in the local supply of drinking water,
daily cobalt requirements for human nutrition
could exceed 8 ppm without putting one's health
at risk. Singh and Agrez (2002) discovered that
foliar treatment of cobalt sulfate 200 mg/l raised
mango fruit set and retention, as well as fruit
yield, TSS: acid, and total sugars, as compared to
trees that were not sprayed.

Given the following information, The target of
this present investigation was to examine the ef-
fect of soil application with two growth stimulant
compounds named (K humate, magnetite) and
foliar application with cobalt on yield, fruit quali-
ty, and leaf mineral content of "Fagri Kalan" cv.,
mango trees cultivated in new reclamation land
and irrigated with saline water (E.C. = 3.26 ds/m)
to determine the best combination between them
which improve "Fagri Kalan" mango trees yield
and fruit quality under this salinity conditions.

2 Material and Methods

2.1 Plant materials and experimental applica-
tion

The present investigation was carried out dur-
ing two seasons 2019 and 2020 in a private mango
orchard in new reclamation land located at “Mah-
fouz Moghazi farm*, Abo Ghaleb Road, Giza
Governorate , located 68 km from Cairo, Alex.
Desert road, Egypt. The experiment was imple-
mented on fifteen years old mango trees “Fagri
Kalan” cv., budded on mango seedling rootstock,
planted in sandy soil at 4 x 4 m with drip irriga-
tion. This investigation aimed to improving the
productivity, fruit quality and mineral content of
“Fagri Kalan” mango trees, which are irrigated
with well water that contains a relatively high
salinity rate (E.C = 3.26 ds/m) by using some
growth stimulants potassium humate (KH.) and

magnetite (Mag.) as soil application and foliar appli-
cation with cobalt as cobalt sulfate (Co). The soil and
water analyses are shown in Tables 1, 2 and 3. The
chosen trees had a consistent shape and were treated to
regular horticultural techniques.

The experiment was set up as a split-plot design,
with the main plot representing five soil application
treatments, including two levels of potassium humate
(KH3: 50 and KH2:100g/tree) and two levels of mag-
netite (Mag::250 and Mag2:500 g/tree) plus control
treatment (untreated trees) and the subplot represent-
ing by foliar application with three levels of cobalt
(Cou: untreated, Co2:15 and Cos: 30 ppm Co) cobalt
sulfate. So the experiment involved fifteen treatments
each represented by three replicates and two trees for
each one. Potassium humate and magnetite were add-
ed once as soil application (Mid-January) around the
trees in drilling under the drippers and were covered
after each implementation in the two seasons. Regard-
ing cobalt treatments, selected trees were sprayed
twice (the first at the end of February at the beginning
of the appearance of new leaves and the second after a
month later) with aqueous solutions of (Co) until the
point of runoff with the various cobalt concentrations:
(0, 15, and 30 ppm) using cobalt sulfate. The control
was even sprayed with tap water until the point of
runoff.

At the end of each season (late September) data
were recorded to evaluate the tested treatments:

2.2 Yield parameters

In the maturity stage (late September) the average
number of fruits per tree was counted. Furthermore,
three fruits from each tree (replicate) were used to cal-
culate the average fruit weight (g) by weighing a sam-
ple of three fruits from each replicate as well as de-
termining the average fruit weight (g).

The average yield /tree (kg) was calculated by mul-
tiplying the average number of fruits/tree by the aver-
age weight of fruits of each replicate and yield/feddan
(Ton) was calculated by the average yield/tree (kg)
with the number of trees/feddan.

2.3 Fruit quality

Each season, three fruits/trees were selected ran-
dom of each replicate and used to determine the
following physical and chemical properties.

Physical characteristics of fruits include:

Fruit length (cm), fruit width (cm), and fruit shape
were estimated using the formula: Fruit shape index =
fruit length (cm) of each replicate/Fruit width (cm).
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Table 1. Some physical properties of the experimental soil

Soil depth cm _ Partical size distribution
C.Sand% | F.Sand % | Silt% | Clay % | Texture | FC% | W.P% B.D g/cm?®
0-30 92.8 3.7 2.0 15 Sandy 10 4.8 1.83
30-60 915 1.8 0.2 6.5 Sandy 11 6.3 1.79
60 —90 93.1 0.6 0.4 5.9 Sandy 13 55 1.72

Table 2. Some chemical properties of the experimental soil

Soil depth | . | EC | TPS | Ca” | Mg™ | Na* | K* | cos [HCos | sor | cL
cm P ds/m ppm Soluble Cations, meq/I Soluble Anions, meg/I
0-30 6.9 2.5 1600 9.52 1.3 13.88 0.3 - 0.8 8.97 | 15.23
30-60 7.1 3.03 1939.2 9.6 6.9 13.6 0.2 - 1.8 4.7 23.8
60 -90 7.3 2.48 1587.2 10.2 3.21 11.2 0.19 - 0.8 7.6 16.4
Table 3. Some chemical properties of the used irrigation water
Soluble Cations, meg/| Soluble Anions, meg/I
pH | EC ds/m ;Erﬁ ca® | Mg* | Na* | K* | cos | HCOs | sor~ | crF
6.9 3.26 2086.4 12 1.22 19.28 0.1 - 0.8 9.8 22

Fruit thickness (cm): Measured using a vernier
caliper.

Fruit volume (cm®): Volume of three fruits
from each replicate was determined and the aver-
age fruit volume (ml) was calculated by the water
displacement method.

Fruit chemical properties include:

Total sugars %: were determined using 3, 5-
dinitrosalisylic acid (DNS) according to James
(1995).

Total soluble solids (T.S.S): were determined as
percentage in juice by means of hand refractome-
ter.

Total acidity (%): was determined as citric acid
content using diluted flesh extract with titration
against NaOH 0.1 N and phenol phthalein as indi-
cator according to A.O.A.C. (1995).

T.S.S / acid ratio was calculated.

2.4 Leaf mineral content

Leaf mineral content was determined as fol-
lows: ten leaves were taken in each season from 6
-7 month old leaves from the middle part of non-
fruiting shoots in late September. According to
Chadha et al (1980). The leaf samples were

washed and dried grinded then digested using
sulphoric acid and hydrogen peroxide according to
Parkinson and Allen (1975).

Total Nitrogen: was determined using a modified
micro-Keldahl method, as described in Bremner’s
method (Bremner 1996).

Phosphorus, Potassium, manganese, iron, zinc, and
cobalt leaf samples: were digested using nitric acid
and hydrogen peroxide in Microwave Digestion Lab-
station Ethos Pro, closed system, Milestone, Italy In-
ductivity Coupled Argon Plasma, ICAP 6500 Duo,
Thermo Scientific, England, was used to measure the
results. Merck, Germany, provided a 1000 mg/l multi-
element certified stander system for instrument stand-
ardization.

2.5 Statistical Analysis

The obtained data was subjected to analysis of var-
iances (ANOVA) according to (Snedecor and Cochran
1989). The least significant differences were calculat-
ed using the Statistix 9 package. At a probability of
0.05, LSD letters were used to compare the means of
different treatments according to Wallar and Duncan
(1969).
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3 Results and Discussion
3.1 Yield parameters

Table 4 show the effect of soil application
with potassium humate & magnetite and foliar
application with cobalt on yield and its characters
of mango “Fagri Kalan” cultivar in the 2019 and
2020 seasons.

Data concerning fruit No. /tree, fruit weight
and yield affected significantly by the different
levels of soil application with potassium humate,
magnetite or foliar application with cobalt and
their interaction in the two seasons, adding high
level from KH; (100 g/tree) gave the highest sig-
nificant values of fruit No. /tree, fruit weight and
yield in the two seasons followed by Mag;
(500g/tree) and Mag: (250 g/ tree) in the first and
second season, respectively. In the two seasons
Co2 (15 ppm Co) as cobalt sulfate gave the highest
significant values of fruit No. /tree. Regarding the
interaction (untreated trees X Cos) almost gave the
lowest significant values of fruit No. /tree, fruit
weight and yield in the two seasons when combin-
ing with different rates of soil application and fo-
liar application with cobalt. Whereas, fruit No.
[tree, fruit weight and yield affected significantly.
Generally, in the two seasons the highest value
was obtained by certain treatment (KH2X Co,) but
some other treatments gave more or less similar
values with the same statistical stand point.

Abobatta pointed out that Valencia orange
trees were treated 1000 g/tree magnetic iron + 50
g/tree K humate under salinity conditions, im-
proved yield production, fruit quality, and chemi-
cal composition (Abobatta 2015).

Gad et al (2008) demonstrated that the addition
of 15ppm cobalt had significant promotive effect
on yield of cucumber plants.

3.2 Fruit quality
3.2.1Fruit physical properties

Table 5 show the effect of soil application of
potassium humate & magnetite and foliar applica-
tion with cobalt on the fruit length, fruit width and
fruit shape index of mango “Fagri Kalan” cultivar
in the 2019 and 2020 seasons.

Results proved that in the two seasons, fruit
length and fruit width affected significantly by the
levels of soil application with potassium humate
& magnetite, foliar application with cobalt and

their interaction. Untreated trees gave the lowest sig-
nificant value of fruit length and fruit shape index
compared with any other treatment in the first season
only. Soil application with potassium humate at 100
o/tree had the greater fruit length and fruit width in the
first and second seasons except fruit length in the sec-
ond season followed by the first level of magnetite
250 g/ tree in the first and second seasons. Regarding
to foliar application of cobalt 15 ppm had the greater
fruit length and fruit width in the two seasons it seems
that than other levels. Results revealed that the inter-
action was significant in the two seasons between the
two studied factors. It is quite clear that trees received
potassium humate at 100 g/tree plus foliar application
with cobalt at 15 ppm achieve the highest fruit length
and fruit width.

Fruit shape index was affected significantly by the
levels of soil application with potassium humate &
magnetite, foliar application with cobalt and their in-
teraction in the two seasons. In the first season soil
application with potassium humate at 50 g/tree (KH.)
and magnetite at 500 g/tree (Mag.) had the greatest
fruit shape index without significant differences be-
tween them except magnetite at 500 g/tree (Magy) in
the second season. Regard to foliar application of co-
balt by Co (15 ppm) gave the high significant values
of fruit shape index in the first season. With respect to
combination between magnetite at 500 g/tree and co-
balt at 15 ppm (Mag2XCo,), it was observed that, in
the first season recorded the highest fruit shape index.
On the other hand, in the second season soil applica-
tion of potassium humate at 50 g/tree (KH;) and Co;
(without Co spray) had the great fruit shape index.

Table 6 show the effect of soil application with po-
tassium humate& magnetite and foliar application
with cobalt on fruit thickness and fruit volume of
mango “Fagri Kalan” cultivar in the 2019 and 2020
seasons.

Fruit thickness and fruit volume were significantly
affected by soil application of potassium humate &
magnetite, cobalt foliar application and their interac-
tion in the two seasons. In both seasons, the soil appli-
cation with potassium humate at a rate of 100 g/tree
significant increase in fruit thickness and volume fol-
lowed by magnetite at 250 g/ tree compared to other
treatments. Regarding to the effect of cobalt, one can
notice that spraying trees with 15 ppm exhibited the
highest fruit thickness and fruit volume in the first and
second seasons. Concerning to the interaction, it is
worthy to mention that, trees received potassium hu-
mate at 100 g/tree as soil application with spring co-
balt at 15 ppm resulted in the highest fruit thickness
and fruit volume in the first and second seasons.
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Table 4. Effect of soil application of potassium humate & magnetite and foliar application with cobalt on yield and its
characters of mango “Fagri Kalan” cultivar in the 2019 and 2020 seasons

Table 4. Effect of soil application of potassinm nymate & magnetite and foliar application with cobalt on yield and its characters of mango “Fagri Kalan” cultivar
in the 2019 and 2020 seasons

Soil ##3(Cq foliar application (ppm)
application
(gire) Fruit No.fre | Fruit weihi (¢ | Yield ree (k) | Yied/Ton (i)
2019 zeason

Coi:0 | Co2:15|Coa:30| Mean | Cor:0 | Cos:1%| Coa:30| Mean | Cos:0 |Coz:15| Coa:30| Mean | Coi:0 | Coz:15| Cos: 30| Mean
Untreated | 173 gf [ M3 cd | 170gf |197TBC) 5351 | 58740 | 49031 | 271D | 87ep | ld3c | 83 eg |I0ABC| 25eg | 37c | 11eg | LTBC
FRH:20 | 120f [ 150 | 180 4F) 150D | 4813n | 50177 | M4de | BOIE | 58 | 75 f | 984f) 77D | 15z | 10f | 26af] 20D
FRH:: 100 [ 310k | 3602 | 170ef | 2B0A | 3825 c| 64902 | 4924k | 8494 | 181b | 2542 [ 3Bep | 166A| 470 | 6la [21eg| 444

FMagy 280 | 160 gf | 123F |20 ce |64 CDf 5337 F| 3204 | 3825 c | MTIB | 85ep | 65 f | 122cd [81CD | 2)eg | 17fe | 32cd | 240D
*Maga 500 | 200ce | 260 b | 170ef | 3108 [ 3802d | 5194h | 4374m | 8180C | llbee| 135c (33 eg [ WIB | 30ce | 35¢c |2leg| 19B
Mean 19JAB | 3174 | 180F 5361 B'| 85684 | S04 C 1058 | 30A| 945 188 | 344 | 158
2020 zeason

Untreated | 10.0j | 33.0b [ 130g | 2108 | 3300 j| 68170 | 5500k | 6176D | 381 | 238b | 8%z | 138C | 131 | &Fb [ 23gh | 35C
fKHi: 80 | 160z | 1300 | 303d | 198C | 603.0¢ | 60L0g | 6440c | 6160D | 97¢ | 78j | 1834 | 133D | 23z | 11§ [ 31d | 31D
iKH2: 100 | 520c | 490a | 10f | 33JA | 63334 | 7493a | 3900k | 6882A | 203d | 367a | 113f | 2374 | 33d | %96a | 20f | &0A
#\ags:280 | 200e | 107y | 330c | 2068 | 635.0d | 625.0e | 6820 | 64678 | 133e | 6.7H | 235c | 428 | 33e | 18M [ 3%¢ | 37B
#\ag:: 500 | 200¢f | 13.0h | 120 | 150D | 6803h | 619.0F ) 387.07 | 6288C | 136e | 81hi | 70k | O6E | 36e | 21hi | 195k
Mean 198C | 474 | N3E 6618 | 63524 [610.00C 1L5C | 1704 | 1348 13C | 434 | 6B
Values having the same letters in the same columa, row of interaction in each season are not statistically different at 3 % level.

¥ (KH) Potassium humate, ** (Mag) Magnetite and *** (Co) Cobalt Sulphate.

]
i
=

Table 4. Effect of
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Table 5. Effect of soil application of potassium humate & magnetite and foliar application with cobalt on the fruit length. fruit width and fruit shape index of
mango “Fagri Kalan™ cultivar in the 2019 and 2020 seasons

appii;lﬁm #2(p foliar application (ppm)
(gtree) Fruit length (cm) | Frait width (cm) | Frait shape e

2019 season

Cop:0 | Cop:l5 | Coy:d0 | Mean | Cop:0 | Cop:15 | Coy:d0 | Mean | Cop:0 | Cop:18| Coy:d0 | Mean
Untreated 831 1480 | 43¢ | 11EC 69] 200 80 de 10 B 12k L6 | 18¢ | 16D
*KH1:50 | 137¢ | 138 | Mlcd | 139 B | 73h lig 18f T5C | 18k | 18cd | 18d | 184
fKHp:100 [ 151hb | 1632 | 118h | 1444 89b 1001a | 80de | 90 A 17¢g 161 13] 16 C
FMagi:280 | 142c | 142ed | 128z | 13T B | T0gf §.14d 19 | TOB [ 18¢f 13 161 L7B
FMagy:500 | 139de | M43c | 133 138 B | 33c 712h 10} 15C | 1Tz 103 L3b 19 4
Mean 131B | 474" | 133R B | 844 | T80 17¢ | 1384 | TR
1020 season
Untreated 133f | 1636 | 160c | 1594 891 109b | 100de | 99B 17a 15f 16d L6 B
*KH1:50 | 157e | 158de [ 1620b | 1594 | O3k 95 g 98 f 85 C 17h L7k L¢ 17 A
*KHq:100 | 163b | 168a | 138h | IS6C | 10b | 121 | 100de | 1LOA 15f 14g l4g 14 E
FMagi:250 | 1620b | 162%b | M48g | 18TB | 90 [ 99¢ | 101d | WOB L6e L6¢ 13f 16 C
FMagy:500 | 159ed | 160c | 1053 | MID | 103c [ 82D 903 85 C Lie 17a 12h 15D
Mean 1598 | 1624 | WIC 98 | W3A | M0 164 | L§B | L5C

Values having the same letters in the same column, row of interaction in each season are not statistically different at 5 % level

# (KH) Potassium humate, ** (Mag) Magnetite and #** {Co) Cobalt Sulphate.
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Table 6. Effect of soil application of potassium hymate & magnetite and foliar application with cobalt on fruit thickness and fruit volume of mango “Fagr Kalan”™

cultivar in the 2019 and 2020 seasons

Soil application ##%(p foliar application (ppm)
(gltree) r—r — <
ruit thickness (cm) | Fruit volume (cm®)
2019 season
Cop:0 Coj:15 Coa:30 Mean Cop:0 Coz:15 Co3:30 Mean
Untreated 30 f 6.7 ¢ 53g 59D 3405 § 62440 327131 564.1D
*KH: 50 58 % 3¢ 63 d 38 E 51830 538.7 § 8lde 5461 E
*KH: 100 74 b 119 a 350 f 51 A 6195 ¢ 68692 5294k 6119 A
**Magi: 250 6.1e 63 d 6.6 ¢ 6.3 B 3707 £ 564 g 6195 ¢ 384.21B
**Mag: 500 6.2 de 5Tt 6.6 ¢ 6.2 C 617.2d 5564 h M4 m 565.0C
Mean 61 B 72 A 61 C 5T2B 59384 5564 C'
2020 season
Untreated 1]eg 13fh 13fe 74D 618.0 71800 6527.0 hi 654.0D
*KH: 50 78d-f T3fe 830d 78C 6400 g 633.0¢g 681.0 ¢ 653.0D
*KH;:100 87b 129a 81ce 09A 670.0d 786.0a 629.0 h 695.0 A
**Mag) : 250 845 §30d 77eg 3.1B 670.0d 6620e 90 b 683.0B
**Mag3 : 500 12zh 6.7h Theg 72D 700 656.0f 624.0 1 665.0 C
Mean 708 854 788 6630 B 692.0 A 656.0 C\

Values having the same letters in the same column, row or interaction in each season are not statistically different at 5 % level.

* (KH) Potassium humate, ** (Mag) Magnetite and *** (Co) Cobalt Sulphate.

The application of magnetite to Le Conte pear
trees resulted in the greatest yield values (Atallah
et al 2010).

While the application of potassium humate as
an organic fertilizer for improving the quality and
guantity of the sensitive wheat cultivar Gemeza.9
cultivated in salty lands and increases its produc-
tivity (Osman et al 2017).

3.2.2 Fruit chemical properties

Table 7 show the effect of soil application
with potassium humate& magnetite and foliar ap-
plication with cobalt on total sugars and total sol-
uble solids of mango “Fagri Kalan” fruit cultivar
in the 2019 and 2020 seasons.

Total sugars, total soluble solids percentage
and TSS/acid ratio of mango Fagri Kalan fruits
were significantly affected due to the soil applica-
tion of potassium humate & magnetite, cobalt fo-
liar application and their interaction in the two
seasons. Soil application with potassium humate
at 100 g/tree resulted in the greatest total sugars
and total soluble solids percentage in the first and
second seasons. Followed by magnetite at 500
g/tree. Regarding to cobalt, spraying trees with 15
ppm cobalt proved to be the best treatment for
total sugars and total soluble solids percentage in
the two seasons. Concerning to the interaction, it
is obvious that trees received certain treatment

(KH2XCo,) had the greatest total sugars and total sol-
uble solids percentage in the two seasons.

Total acidity percentage was significantly affected
by soil application, foliar application treatments and
their interaction in the two seasons. The untreated
trees with soil application of potassium humate, mag-
netite and cobalt foliar application showed the highest
acidity percentage in the two seasons. Soil application
of potassium humate at 100 g/tree gained the lowest
total acidity percentage in the two seasons. Followed
by the first level of magnetite 250 g/tree. On the other
side, there was significant differences among all co-
balt levels in the in the two seasons. Whereas foliar
application with 15 ppm cobalt exhibited the lowest
total acidity percentage. As for the interaction, it is
apparent that trees received potassium humate at 100
g/tree plus 15 ppm cobalt (KH2XCo,) exhibited the
lowest acidity percentage in the first and second sea-
sons.

These findings are in line with Ali et al (2013) who
discovered that saline conditions and water deficit
stress increased sugar accumulation in Valencia or-
ange fruit, resulting in an increase in TSS and acid
concentration in the fruit juice, causing a delay in rip-
ening. Humic acid boosted soil microbial activity,
which improved nutrients cycling, resulting in in-
creased growth and fruit quality. Furthermore, Humic
substances also lowered acidity in a number of fruits.
In Valencia orange fruit juice, however, magnetic field
and magnetite treatments increased TSS and lowered
acidity.
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The addition of 6 ppm cobalt to broccoli had a
significant positive impact on growth, yield total
amount, and quality (Gad and Abd EI-Moez
2011).

3.3 Leaf macro/nutrient content

Table 8 show the effect of soil application
with potassium humate& magnetite and foliar ap-
plication with cobalt on nitrogen, phosphorus and
potassium content in leaves of mango “Fagri Ka-
lan” cultivar in the 2019 and 2020 seasons.

Data in Table 8 revealed that significant effect
was found on leaf nitrogen, phosphorus and potas-
sium content of Fagri Kalan due to the levels of
soil application of potassium humate & magnetite,
foliar application with cobalt and their interaction
in the two seasons. Soil application with KH; (100
g/tree) resulted in the greatest leaf nitrogen, phos-
phorus and potassium percentage in the first and
second seasons. After that Mag: (250 g/ tree) in
the both seasons. Regardless of cobalt application,
spraying trees with Co (15 ppm cobalt) proved to
be the beneficial treatment in the first and second
seasons. As for the combination between the two
variables, it is quite clear that trees received po-
tassium humate soil application at 100 g/tree plus
cobalt foliar spray at 15 ppm (KH2XCo,) had the
maximum leaf nitrogen, phosphorus and potassi-
um percentage in the both seasons.

3.4 Leaf micro/nutrient content

Table 9 show the effect of soil application
with potassium humate & magnetite and foliar
application with cobalt on iron, zinc and cobalt
content in leaves of mango “Fagri Kalan” cultivar
in the 2019 and 2020 seasons.

Leaf iron, zinc and cobalt in Table 9 was sig-
nificantly affected by soil application with potas-
sium humate & magnetite, cobalt foliar applica-
tion and their interaction in the two seasons. Soil
application with potassium humate at 100 g/tree

resulted in the greatest leaf iron, zinc and cobalt con-
tent, followed by 250 g/ tree in the both seasons. Con-
versely, foliar application by cobalt at 15 ppm showed
the highest iron, zinc and cobalt content in the both
seasons. As for the interaction, it is apparent that trees
received potassium humate at 100 g/tree plus cobalt at
15 ppm had the maximum leaf iron content in the two
seasons.

These findings are in agreement with Mohammed
et al (2010), who discovered that humic acid promotes
plant nutrition by promoting root growth and enhanc-
ing the rate of mineral ions absorption on root surfaces
and their penetration into plant tissue cells, resulting in
increased plant metabolism and respiratory activity.
The findings are consistent with those of (Gad and
Hassan 2013), who found that cobalt boosted macro
and micronutrients in sweet pepper fruits considerably
when compared to control.

Potassium humate improves nutrient uptake, in-
creases plant biomass, and decreases soil compaction
(Canellas et al 2015).

As a chelating agent, humic acid improves nutrient
availability, particularly microelements, in calcareous
soils by promoting nutrient uptake. Furthermore, hu-
mic elements may stimulate root growth in the same
way that auxins do (Tatini et al 1991, Khattab et al
2012).

In this regard, Co isn't required for plant survival,
but it does affect plant development and metabolism,
Co is a component of many enzymes and co-enzymes,
according to Akeel and Jahan (2020). As a result, Co
is regarded as a helpful ingredient for plants. At trace
levels, Co promotes plant development, while at high
levels, it has the opposite effect, Co is necessary for
legume nitrogen fixation and vitamin B2 synthesis.

Increased yield and improved components in saline
conditions are critical for the cultivation of economi-
cally viable crops. The results showed that Co in-
creased the number and weight of fruits. The capacity
of Co to decrease sodium and chloride in mango
leaves has been noted. Chen et al (2020) shown that
lowering sodium and chloride levels in cucumber
plants improves production during salinity stress.
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Table 7. Effect of soil application of potassium hnymate & magnetite and foliar application with cobalt on total sugars in fruit of mango “Fagri Kalan” fruit cultivar

in the 2019 and 2020 seasons
Sol #+(g foli icatl
L o foliar application (ppm)
application
(giree Total suzars (%) | Totslsohblesolids(%) | Total acdity (%) | TSS/Acid Ratio
2019 zeason
Coi:0 | Co2:15| Coa: 0| Mean | Cos: 0 [ Coz:15|Cos: X0 | Meam | Cou:0 | Co2:15| Coa:J0| Mean | Cos:l | Coa:l3| Coa: 30| Mean
Untreated B4h | 132b | 103f | NIIC | 143 | 190k | 169¢f [ 167C | 0672 | 025k | 026 | 09C | 2141 |§75ed| T3l | S3OC
KHa:20 | 105 | 125ed | 1076 |1LICD [ 153 a4 49 hi [ 15620 | 153D | 050c | 03Te | 0672 [ OE1A | 306K | 4027 | 2351 | I4E
FKH: 100 | 158ah | 1632 | MO0b ) IETA | 2000 [ 2822 | 180 cd | 205 A ) 023k | 0081 | O36f | OQ6E | 030D | 12042 303hi| 8674
FMagi 280 | 117de | 96Fh | 108 [ 007D | 133 24| 160|160 4F) 168 C | 0271 | 0265 | 032 | 028D | 3674 | 630de| 3300 | 883 B
F\ags 800 | 137c | 90gh | 135ah [ 107B [ 178 ce| 189 b [ 162 | 168 | 030h | 041d | 0550 | 041 B | 383 ¢f | 4613 | 306k | 483D
Mean 104 | 1254 | 1244 166 B | 1864 | 168 B (¥E|08C| 434 078 | 696A | #1C
2020 zeason
Untreated | 95z | 158ah | 89¢ | 1L4C | 136z | 1794F) 200ac| 178B | 0342 | 0354 | 0dlc | 045A | 289; | 438; | 488k | 4LIC
FKH1: 80 | 105f | 135cd | I03gf | 109C | 1634z | 155z | 16feg| 062C | 050b | 037e | 0310 | 0398 | 306 | 419 | 335gh | 400C
*KH2:100 | 150b | 1643 | 1353h | 1574 | 170eg| 21.0a [193bd) 1904 | 020m | 009n | 036f | 025E | 832C | 1100a ) 337¢h | 8334
#Mage: 280 [ 123de | 105F | 115gf | ILTC | 1634z | 179de | 187cd | 1768 | 025k | 0J6] | 032g | 028D | 651de | 635D | 383§z | 641B
FMags: 800 | 1300 | 100f | 131cd | 126B | 180de | 195bd | 2025h | 19.24 | 0301 | 04le | 0211 | O3LC | 600¢f | 472f | 33F | 678B
Mean 1238 | 1354 | 111B 1678 | 1844 | 1804 0364 | 03IF | LUB MAB | 6M1A' | fLIA

Values having the same letters in the same columa, row o interaction in each season are not statistically different at 3 % level.
* (KH) Potasstum humate, ** (Mag) Magnetite and *** (Co) Cobalt Sylphate.

Tahle 3. Effect of soil application of potassium humate & magnetite and foliar application with cobalt on nitrogen, phosphorus and potassium content in leaves

of mango “Fagri Kalan” in the 2019 and 2020 seasons

app;siz:ilﬁon ###(g foliar application (ppm)
(p/tree) N (%) P (%) K (%)
2019 season
Co1:0 | Cog:15 | Coa:30| Mean | Co1:0 [Coz:15| Co2:30| Mean | Co1:0 | Co2:15 | Coa:30| Mean
Untreated 211fz | 239gh | 229cf | 230B | 043h 0482 | 045¢f | 045C | 194m | 239¢c 211 | 118E
*KH: 50 220g | 219z | 23bd | 2M4C | 04Tk | 0470 | Od6ce | 0468 | 2280 | 220k 2181 | 212D
*KH:100 | 239zh | 241a | 233bc | 2.38A | 047ah | 0432 | Odbed | 047A | 2410 1493 233f | 141A
**Mag:250 | 234 | 2Meg | 23dac | 2B | 047k | 045fz | 0440 | 045C | 133e 112§ 2295 | 219B
**Magp: 500 | 230ce | 223dg | 233hc | 220B | 0d6de | Oddgh | 0dbed | 045C 2234 237d 223y | 1.18C
Mean 2204' | 2304 | 1124 0464 | 0.464' | 0458 124 | 2334 | 225B
2020 season
Untreated | 24%9a-d| 2.33b-d | 233ap | 245AB | 041fe | 0466 | 044be | 043B | 2392 230a 231a | 1344
*KHp:50 [239ad| 230cd | 2294 | 233CD | 043bd | 044bd | 042eg [ 044AB | 2000 128a 126a | 1L.18B
FKH:100 |245ad| 239a | 230ac | 251A | Oddce | 048a | 0434f| 0454 | 137a 2408 | 218z | 2.32A
**Mag1:250 |246ad| 233b-d | 240ad | 240BC | 041fz | 043ce | 041fc | 042C | 231a | 221gp | 1322 |213AB
**Magy: 500 |234bd| 2.05e | 234bd | 224D | 045hg | 043ce | 040g | 043BC | 226a | 2214p | 21640 |121AB
Mean 2424 2324 | 2410 043B' | 0454 | 042C 227A' | 22840 | 1254
##2‘“_"” um 158 L15 0.95
evels

Values having the same letters in the same column, row or interaction in each season are not statistically different at 3 % level.
# (KH) Potassium hpmate, ** (Mag) Magnetite, **# (Co) Cobalt Sulphate
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Table 9. Effect of soil application of potassium humate & magnetite and foliar application with cobalt on iron, zinc and cobalt content in leaves of mango “Fagri Kalan” in

the 2019 and 2020 seasons
Soil application ***Co foliar application (ppm)
(g/tree)
Fe (ppm) | Zn (ppm) | Co (ppm)
2019 season
Co1:0| Co2:15 | Co3:30 | Mean Co1:0 | Co2:15 | Co3:30 | Mean Co1:0 | Co2:15 | Co3:30 | Mean
Untreated 13031 | 1369c¢ | 1323¢h | 1332D | 10.1d 125a 122ab 11.6B 325g | 329a<c 325g 3.26B
*KH1: 50 131.7h | 1328¢ 13081 | 131.8E | 1l4c¢ 114c 1l6¢ 11.5B 327ef | 328ce | 329b-d | 3.28A
*KHz:100 1388b | 139.0a 134.7¢ | 137.8A | 124a 1274 1l4c 122A 326fg 33la | 329b-d | 3.28A
**Mag : 250 1364c¢ 13371 131.9h | 1340D | 1l6¢ 11.8be 116¢c 11.6B 328de | 3.26fg 325¢g 3.26B
**Mag2 : 500 1359d | 1367¢ 1353d | 1350B | 102d 124a 1l5¢ 114B 327ef 327e¢f | 330ab | 3.28A
Mean 1346B'| 1350A' | 133.0C 112C | 122A 116 B 326C' | 328A\ | 327B
2020 season
Untreated 2054f | 2108 be |210.0 b-d| 2087B | 136d 15.6 ab 13.5d 14.3B 325a 3.28a 329a | 327AB
*KH: 50 2049f | 2112 be | 2065 ef | 2072.5C | 137 d 13.5d 143 ¢ 13.8C 3.15b 330a 3264 3.24B
*KH2:100 |2082 de| 2153 a | 209.0 cd | 210.8A | 153 b 158a 144 ¢ 152A 3.26a 331a 331a 39A
**Mag: 250 199.1g | 209.0 b-d | 2109 bc | 2067C | 134d 156ab | 156ab 149A 328a 329a 325a | 327AB
**Mag2:500 | 206.1f | 211.0 be | 211.8 b | 209.6B | 13.6d 144 ¢ 13.7d 13.9C 327a 3254 328a | 327AB
Mean 2047C | 211.6A' | 209.6B' 139C 1404 | 143B 3.24B' | 329A' | 328AB
HOptimum 637961 771183 48
levels

Values having the same letters in the same column, row or interaction in each season are not statistically different at 5 % level.

* (KH) Potassium humate, ** (Mag) Magnetite. *** (Co) Cobalt Sulphate .

4 Conclusion

From the foregoing results, It is possible to
come to the conclusion that all soil implementa-
tion levels with (KH) and (Mag), was affected
significantly on yield, fruit characteristics, macro-
, micronutrients content and in most cases second
rate of potassium humate as soil application
(KH2)100 g/tree followed by the first rate of
(Mag1) 250 g/tree was sufficient for gave the high
values. As for, all cobalt rates enhanced yield,
fruit characteristics, macro and micronutrient con-
tent in the majority of cases, whereas, spring with
(Coz) 15 ppm and (Cos) 30 ppm gave the highest
values of yield, fruit characteristics, macro and
micronutrients content. Regarding the combina-
tion between soil application and cobalt foliar ap-
plication in most cases, it is clear that yield, fruit
characteristics and nutrient content were increased
by KH, as a soil application (100 g/tree) with
spring cobalt (Coy) at 15 ppm (KH2X Co,) fol-
lowed by magnetite (Mag:) 250 g/tree with Co; at
15 ppm (Mag:X Coz). Meanwhile, with the same
statically stand point, other soil combinations pro-
vided more or less similar result. Therefore, it
could be recommended by treated mango “Fagri
Kalan” with (KH2X Coz) treatment which suffi-
cient for helping trees to alleviate salinity stress

and as an effective treatment for increasing yield, fruit
characteristics, and leaf nutrient content (N, P, K, Fe,
Zn and Co) especially in new reclaimed land condi-
tions under drip irrigation system with salinity water.
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