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CrossMark

HIS investigation was carried out during two successive seasons (2020 and 2021) on a

9-year-old El-Shamia cactus pear cultivar grown in a private orchard located in the Alumni
villages’ area, along the “Cairo-Alexandria desert” road about 170 km from Cairo, Egypt. The
effects of irrigation water salinity levels (control (orchard irrigation water), 1000, 2000, 3000,
4000 and 5000 ppm) and potassium humate (0, 50 and 100 g/tree/year) and their interactions
on yield, fruit quality and root anatomy of El-Shamia cactus pear plants were studied. The best
results were recorded with control treatment of salinity level and potassium humate at 100 g/
tree/year, which improved fruit set, number of fruits per tree, yield, fruit weight, fruit length,
fruit width, fruit volume, pulp weight, fruit T.S.S., fruit T.S.S./acid ratio and ascorbic acid.
while reducing fruit drop, peel weight, the number of seeds, seeds weight and the fruit’s total
acidity content. So this treatment proved to be the most efficient in enhancing the yield and fruit
quality of El-Shamia cactus pear plants.

Keywords: Prickly pears, (Opuntia ficus-indica L.), Salinity, Humate potassium, Productivity,

Fruit quality.

Introduction

Opuntia ficus-indica is a species of cactus that
is cultivated extensively and has long been a
domesticated crop plant important in agricultural
economies throughout the arid and semiarid
highlands of the world. It is thought to have
probably originated in Mexico. Some of the
common English names for the plant and its fruit
are Barbary fig, cactus pear, spineless cactus and
prickly pear; this last name has also been applied
to other less common Opuntia species. In Mexican
and Spanish, the plant is called (nopal) while the
fruit is called (tuna). The cactus is a succulent plant
resistant to droughts and exhibits crassulacean
acid metabolism, a photosynthetic mechanism to
withstand limited availability of water from Co,
(Cushman and Bohnert, 1999), and is also more
efficient in producing dry matter per unit of water
than C, and C, plants (Taiz and Zeiger, 2006).

Salinity is a major factor limiting the growth
of fruit trees. It is abiotic stress that reduces the
yield of a wide variety of crops all over the world
(Tester & Davenport, 2003 and Ashraf & Foolad,
2007). The main problems of these soils are their
poor structure, low availability of water and
nutrients, low fertility, higher salinity and calcium
carbonate content, and the possibility of forming
a surface crust and indurate layers at shallow
depths (El-Khawaga, 2013). Plants growing in
saline media increase in osmotic stress due to
the high salt concentration of the soil solution,
which decreases the water potential of the soil
and then increases the concentration of Na and Cl1,
exhibiting tissue accumulation of Na and Cl and
inhibition of mineral nutrient uptake (Marschner,
1995). The effectiveness of humic acid and other
anti-salinity agents in alleviating the adverse
effects of salinity on the growth and fruiting of

Corresponding author: Fahmy E. Fahmy, E-mail: dr_fahmy85@yahoo.com, Tel. 01271141780

(Received 06/11/2022, accepted 03/03/2023)
DOI: 10.21608/EJOH.2023.173097.1224

©2023 National Information and Documentation Centre (NIDOC)



168 SAHAR A. FARID AAND FAHMY E. FAHMY

Sewy, Zaghloul and Hayany date palm cultivars
was studied by El-Khawaga (2013).

Some studies have reported that humic acid can
be used as a growth regulator to regulate hormone
levels, improve plant growth and enhance stress
tolerance (Piccolo et al., 1992).

Foliar and soil application of humic acid
treatments markedly increased the growth
parameters, yield and quality of the “Canino”
apricot (Fathy et al., 2010; Eissa, 2003).

The use of humic substances for removing
negative effects of elements in toxic quantities
and its effects on the growth of wheat plants were
studied by Asik et al. (2009).

Also Humic substances and fulvic acid are
essential in soil organic matter in addition, the
natural stability of these substances affects carbon
sequestration. Moreover, it can ameliorate the
negative effect of salt on the plant’s gross and
uptake of nutrients (Demir et al., 1999; Casierra-
Pasada et al., 2009).

The aim of this study was to investigate the
effects of salinity at six levels (0, 1000, 2000,
3000, 4000, and 5000 ppm) and potassium
humate at three treatments (0, 50 and 100 g) and
their interactions on fruit set, fruit drop, yield,
fruit properties and root anatomy observation on
the roots of prickly pear plants (Opuntia ficus-
indica L.) under different salinity levels.

Material and Methods

The present study was conducted during
two successive seasons in 2020 and 2021 on a

TABLE 1. Analysis of experimental soil.

prickly pear cultivar, namely El-Shamia cactus
pear (Opunita ficus indica L.). The trees were
approximately 9 years old and were grown in an
orchard located at km 107 Alex, namely Alumni
Villages.Grown in sandy soil at 6 x 2 m spacing
(approximately 350 plants per feddan) with
drip irrigation systems. Physical and chemical
analyses of the experimental soil and the chemical
analysis of the used water for irrigation are shown
in Tables 1 and 2.

Fifty-four healthy plants, nearly uniform in
shape, size and productivity, received the same
horticultural practices.

Drip irrigation system was designed with two
drip lines, each one placed one meter from the
trunk tree. Where trees were irrigated twice in
February, March, April, May, June and July by 240
liters / tree / year. For traditional drip irrigation, a
Gr dripper was used for 4 L/h/m of discharge, and
four drippers for one tree were used for 20 liters
per tree. Control irrigation uses the same rates as
irrigation.

The present study was a factorial experiment
with two factors. The first factor consisted of six
levels of water salt (Nacl) (orchard irrigation
water, 1000, 2000, 3000, 4000 and 5000 ppm)
and the second involved three rates of potassium
humate (0, 50 and 100 g/plant). The experiment
was designed as a randomized complete block
design with three replicates for each treatment and
each replicate was represented by one plant.

Measurements
Fruit set (%) and fruit drop (%)
The number of flowers four cladode per each

Soil Texture pH E.Ce Organic
Depth Class Soil  (dSm) matter

Soluble cations (meq/l)

soluble anions (meq/l)

(cm) past % K' Na'* Mg® CI SO~ HCO; CO;
0-30 Sand 73 1.8 0.21 05 6 38 7 8 4 -
3060  Sand 77 1.4 0.19 03 8 11 08 17 06 -

TABLE 2. Chemical analysis of water used for irrigation.

pH E.C. o.M Soluble cations (meq/l) soluble anions (meq/l)
-1 o,
dSm % cat Mg K'* CO° HCO; CI  SOS
7.81 0.53 0.8 1.50 1.52 0.19 0.00 1.42 1.42 1.71
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replicate plant was counted and labelled at full
bloom, the number of set fruitlets was recorded.
Fruit set percentages were calculated at the
beginning of May in the first and second seasons,
as follows:

No. of developing fruitlets

Fruit set % = X 100
Total No. of flowers at full bloom

Fruit drop (%)

Number of dropped fruits was counted at last
week of June then fruit drop percentages were
calculated as follows:

No. of dropped fruits
Fruit drop % = X 100
The initial number of fruitlets

Yield

At harvest time (the last week of July), the
number of fruits per each treated plant was
counted, then the yield (kg per plant) was weighed
and recorded.

Fruits physical and chemical properties

Ten fruits were taken at harvest time from
each replicate for determination of the following
physical and chemical properties: Fruit weight (g),
fruit length (cm), fruit width (cm), fruit volume
(cm?®), and seeds weight/fruit were determined by
separating pulp from the peel and centrifuging the
juice extracted from the pulp; pulp weight (g), total
soluble solids (T.S.S.%) in fruit juice (expressed
as citric acid per 100 ml juice); T.S.S./Acid ratio;
and ascorbic acid (mg ascorbic acid/100 ml juice)
according to A.O.

Anatomy

Root samples were taken (50 cm) from plants
and (10 cm) from soil serface, the samples were
collected from the roots (2 cm) at the end of the
second season. For infiltration and embedding,
samples were killed and fixed in formalin-acetic-
alcohol F.A.A. solution (10% formalin, 5% glacial
acetic acid, 85% ethyl alcohol, and 90% water, by
volume dehydrated with normal butyl alcohol)
and paraffin wax (56-58C).Serial transverse
sections of 20 microns in thickness were obtained
using a rotary microtome. Safranin and the fast
green stain technique were followed, then the
cross sections were washed in absolute ethanol,
cleared in xylene and mounted in Canada balsam
as described by Johansen (1940) and Nasser and
El-Sahhar (1998).

The anatomy work aimed to know the effects
of salinity levels on the root structure of prickly
pear under the Cairo-Alexandria desert road
condition.

Statistical Analysis

The obtained data in 2020 and 2021 seasons
were subjected to an analysis of variance
according to Clarke and Kempson (1997). Means
were differentiated using the Range test at the
0.05 level Duncan, (1955).

Results and Discussion

Fruit set (%)

Concerning salinity levels, control treatment
(orchard irrigation water) recorded the highest
significant fruit set, followed by 1000 ppm and
2000 ppm. Meanwhile, the lowest significant
fruit set was found at 5000 ppm for both seasons.
Regarding potassium humate treatments, the
highest significant value of fruit set was detected
at 100 g/plant/year, followed by 50 g/plant/year
in both seasons. The interaction between the two
study factors showed that control of salinity water
treatment with potassium humate at 100 g/plant/
year gave the highest significant value of fruit set
in both seasons. On the other hand, the lowest
fruit set was recorded with zero potassium humate
under 5000 ppm of irrigation water salinity.

Fruit drop

With respect to salinity levels, the control
treatment (orchard irrigation water) showed the
least significant fruit drop, whereas the largest fruit
drop was discovered at 5000 ppm in both seasons.
Regarding potassium humate treatments, 50 g/
plant/year was shown to be the lowest significant
value of fruit drop, which was observed in both
seasons. According to the results of the interaction
between the two research variables, the control
treatment, which included potassium humate at a
rate of 100 g per plant per year, had the lowest
significant value of fruit drop during both seasons.
On the other hand, the highest fruit drop was
recorded with zero potassium humate under 4000
and/or 5000 ppm of irrigation water salinity.

Fruit weight
As for as the salinity levels, the control
treatment (orchard irrigation water) recorded the
highest significant fruit weight, followed by 1000
ppm and 2000 ppm. At 5000 ppm in both seasons,
the lowest significant fruit weight was discovered.
Regarding potassium humate treatments, 50 g/
plant/year was shown to be the next-highest
significant value of fruit weight, with 100 g/plant/
Egypt. J. Hort. Vol. 50, No. 2 (2023)
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TABLE 3. Effect of irrigation water salinity and potassium humate on fruit set (%) and fruit drop (%) of prickly
pear plants during 2020 and 2021 seasons.

Season 2020 Season 2021
Salinity Potassium humate (g/plant/year)
- g" afﬁon 0 50 100 Mean 0 50 100  Mean
water (ppm) Fruit set (%)
Control 78310bc  81.350ab 84.123a 81271 A 81.917¢c 85213b 89.357a 85496 A
1000 75.543 ¢ 77377 ¢ 77.843¢  76921B  69.897f 76.793d 80917c¢ 75.869B
2000 70.230 d 69.670 d 70.250d  70.050 C 64287 g 71317ef 72.827e¢ 69.477C
3000 51910gh 61.810ef 62.943e¢ 58.888D  55.0771 64.177g 63.377¢g 60.877D
4000 43.350 54853 ¢ 58.953f 52386 E  49.833k  55.377i 60.237h 55.149E
5000 40.627] 46.493 1 51.077h  46.066 F 42.3271 48357k  53.277) 47987F
Mean 59.995C 65.259B  67.532A - 60.556 C 66.872B  69.998 A -
Fruit drop (%)
Control 21.710 hi  18.663 ij 15.883 18.752 F 18.083 j 14787k  10.6431 14.504 F
1000 24477 h 22.643 h 22.177h  23.099E 30.103g 23.2071 19.083j 24.131E
2000 29777 ¢ 30337 g 29.76 g 29959D 53.713f  27.173h zf 683 30.523 D
3000 48.110cd  38.210ef 37.077f 41.132C  44943d 35847f 36.643f 39.143C
4000 56.650 a 45.160d  41.060e 47.623B  50.173b 44.643d 39.763 ¢ 44.860 B
5000 59.373 a 53.513b 48.937¢ 53941 A 57.683a 51.653b 46.743c¢ 52.027A
Mean 40.016 A 34.754B 32.483C - 39450 A 32.884B 30.260C -

Means having the same letter (s) in each row, column or interaction are insignificantly different at 5% level.

year being the greatest value in both seasons.
The interaction between the two study variables
revealed that the control treatments for salinity
water (potassium humate at 50 or 100 g/plant/
year in the first season and control treatment using
orchard irrigation water at 100 g/plant/year in the
second season) gave the highest significant value
of fruit weight. On the other hand, the lowest fruit
weight was recorded with zero potassium humate
under 5000 ppm of irrigation water salinity.

Fruit length

With respect to salinity levels, the control
treatment (orchard irrigation water) recorded
the highest significant fruit length. On the other
hand, in both seasons, 5000 ppm was the lowest
significant fruit length. Regarding potassium
humate treatments, 50 g/plant/year was shown
to be the highest significant value of fruit
length, which was observed in both seasons. The
interaction of the two study parameters revealed
that the control treatment, which included
potassium humate at a rate of 100g per plant per
year, produced the highest levels of fruit length
that were statistically significant. The shortest
fruit length was discovered, however, when
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irrigation water had a salt level of 5000 ppm and
zero potassium humate.

Yield

Regarding salinity levels, the control treatment
(orchard irrigation water) had the highest
significant yield in terms of salinity, followed by
1000 ppm and 2000 ppm. However, the lowest
yield was discovered in both seasons at 5000
ppm. Regarding potassium humate treatments, 50
g/plant/year in both seasons was found to be the
yield with the highest significant value, which was
100 g/plant/year. According to the interaction of
the two research variables, the control treatment,
which used potassium humate at a rate of 100 g
per plant per year, produced high values in the
first season. The second season’s yield was more
favourably impacted by the control treatment at
50 g and/or 100 g rates. On the other hand, the
lowest production was observed when irrigation
water had a salinity of 5000 ppm and no potassium
humate.

Number of fruits / plant
Regarding salinity levels, the orchard
irrigation water used as the control treatment had
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TABLE 4. Effect of irrigation water salinity and potassium humate on fruit weight (g) and fruit length (cm) of
prickly pear plants 2020 and 2021 seasons.

Season 2020 Season 2021
Salinity Potassium humate (g/plant/year)

o “ft. 0 50 100 Mean 0 50 100  Mean

::::f:;;;; Fruit weight (g)
Control 110.83 b 144702 151.23 a 13559 A 104.83¢c 137.07b 155.33a  13241A
1000 87.27 de 93.60cd 9490c 91.92B 83.53fg  90.03 de 92.37d  88.64B
2000 72.43 fgh  72.60 fgh 7773 f 74.26 C 80.90 g 86.57 ef 9323d 8690B
3000 70.03 ghi  65.03 1 8577 ¢ 73.61C 64.57 1 7523 h 84.77fg  74.86 C
4000 55.20j 76.87 fg  66.30 hi 66.12D 53.47] 68.73 i 7450h  65.57D
5000 4490 k 56.57] 64.27 1 5524 E 45.53 k 57.83] 64.53 1 5597E
Mean 73.44 C 84.89 B  90.03 A - 72.13C  8591B 94.12 A -

Fruit length (cm)

Control 8.43 abc 853abc  9.30a 8.75A 8.63a-d 9.03ab 943 a 9.03 A
1000 8.06bcd  7.83bcd 8.83 ab 8.24 AB 823b-f 8.50b-e 870ac 847B
2000 7.93bed  7.76bcd  8.46 abc 8.05B 796 c-g 836 b-f 8.43b-f 8.25BC
3000 7.96bcd  7.66cd 8.33 abc 7.98 B 7.86¢c-g  7.56 fgh 7.83¢c-g 7.75CD
4000 7.70 cd 7.60 cd 7.66 cd 7.65 BC 7.13 gh 7.33 gh 7.80d-g 742D
5000 6.33¢ 7.30 de 7.56 cd 7.06 C 6.83h 7.23 gh 773 ef 726D
Mean 7.73B 7.83B 836 A - 7.77B 8.00 AB 832A -

Means having the same letter (s) in each row, column or interaction are insignificantly different at 5% level.

the largest significant number of fruits per plant,
followed by other concentrations. At 5000 ppm,
however, both seasons’ lowest fruit concentration
was discovered. The largest significant quantity
of fruits per plant was found in the potassium
humate treatments, at 100 g/plant/year, followed
by 50 g/plant/year in both seasons. Using
potassium humate at a rate of 100 g per plant per
year, control of salt water treatment resulted in
the largest number of fruits per plant during both
seasons, according to the interaction between the
two study components. However, 0% potassium
humate was found in irrigation water with a
salinity of 5000 ppm or less, which produced the
fewest fruits per plant.

Fruit width

In relation to salinity levels, the control
treatment (orchard irrigation water) had the
largest significant fruit width, followed by 1000
ppm and 2000 ppm. Meanwhile, the lowest fruit
width was discovered in both seasons at 5000
ppm. The greatest significant value of fruit width
for potassium humate treatments was found to be
100 g/plant/year in both seasons. The interaction
of the two study variables revealed that potassium

humate control at 100 g/plant/year recorded the
greatest significant value of fruit width in both
seasons. The lowest fruit width, on the other hand,
was discovered with zero potassium humate under
5000 ppm of irrigation water salinity.

Fruit volume

Concerning salinity levels, the control
treatment (orchard irrigation water) recorded
the highest significant fruit volume, followed by
1000 ppm and 2000 ppm. Meanwhile, the lowest
fruit volume was found at 5000 ppm in both
seasons. Regarding potassium humate treatments,
the highest significant value of fruit volume
was detected at 100 g/plant/year, followed by
50 g/plant/year in both seasons. The interaction
between the two study factors showed that control
of salinity water treatment with potassium humate
at 100 g/plant/year gave the highest significant
value of fruit volume in both seasons. On the
other hand, the lowest fruit volume was recorded
with zero potassium humate under 5000 ppm of
irrigation water salinity.

Peel weight

Referring to salinity levels, the control

Egypt. J. Hort. Vol. 50, No. 2 (2023)
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TABLE 5. Effect of irrigation water salinity and potassium humate on number of fruits / plant and

yield (Kg) plant of prickly pear plants 2020 and 2021 seasons.

Season 2020 Season 2021
Salinity Potassium humate(g/plant/year)
L Oft. 0 50 100 Mean 0 50 100 Mean
irrigation
wategr opm Yield (Kg) plant
Control 10.940c  12.517b 14.180 a 12546 A 9.427b 12.587a  13.127a  11.713A
1000 6.780gh  6.333ghi  9.433d 7.516 B 6.807d 6.950d 7.567 ¢ 7.108 B
2000 6.083 1 7.583 f 8.690 ¢ 7.452 B 5.543 f 5513 f 6.880d 5979 C
3000 5.070j 6.107 hi 7.003 fg 6.060 C 4403 ghi 4943 ¢ 6.247 ¢ 5.198 D
4000 4350k 5.087] 6.167 hi 5201 D 3.670 jk 4.160hij  4.663gh 4.164E
5000 3.4671 4.107 k1 4.603 jk 4.059E 2.5331 3.543 k 4.007jk 3361 F
Mean 6.115C 6.955B 8.346 A - 5.397C 6.282 B 7.081 A -
Number of fruits / plant
Control 7433 cd  87.67Db 102.00 a 88.00A 71.00 ¢ 84.00 b 91.00 a 82.00 A
1000 66.67 ¢ 55.00 gh 75.00 ¢ 7133 B 6433 ¢ 66.00 d 71.00 ¢ 67.11B
2000 6533 ef  71.00d 77.67 ¢ 65.56 C 61.00 f 58.00 h 66.00 d 61.67C
3000 57.00 g 6233 f 64.00 ef 61.11D 51.00 k 55.00 i 59.00 g 55.00D
4000 52.67 hi 50.33 ij 54.00 ghi 5233 E 44.00 n 48.001 52.00 j 48.00 E
5000 43.67k 48.00j 53.00 hi 4822 F 38.00 0 44.00 n 46.00 m 42.66 F
Mean 59.94C 62.39B 70.94 A - 54.88 C 59.17B 64.88 A -

Means having the same letter (s) in each row, column or interaction are insignificantly different at 5% level.

TABLE 6. Effect of irrigation water salinity and potassium humate on fruit width (cm) and fruit volume

(cm?) of prickly pear plants 2020 and 2021 seasons.

Season 2020 Season 2021
Salinity Potassium humate (g/plant/year)

- g" aftion 0 50 100 Mean 0 50 100 Mean
water ppm Fruit width (cm)
Control 5.13 be 5.16 be 6.06 a 545 A 5.30cd 5.50b 6.60 a 5.80 A
1000 4.60 de 4.66 de 520b 482 B 5.13 de 5.36cd 5.80b 543 B
2000 4.50 de 4.46 de 5.16 be 4.71 BC 493 ef 4.46 h-j 533 cd 491C
3000 4.36 de 4.40 de 4.76 cd 4.51 CD 4.80 fg 4.20 i 4.70 f-h 456D
4000 4.26 ef 4.43 de 4.46 de 438D 4.50 g-i 4.30 ij 4.46 h-j 442D
5000 393 fg 3.66 g 433 ef 397E 4.46 h-j 3.66 k 4.16 4.10E
Mean 446 B 446 B 5.00 A - 485B 458 C 517 A -

Fruit volume (cm?)

Control 75.00 cd 85.67b 96.00 a 85.55A 84.33 b 87.00 b 101.67 a 91.00 A
1000 72.00 cd 73.66 cd 75.67 ¢ 73.78 B 70.00 e 79.33 ¢ 83.00 be 77.44 B
2000 65.00 ¢ 63.66 ¢ 70.66 d 66.44 C 64.67 fg 69.00 ef 74.67d 69.44 C
3000 57.00 fg 57.00 fg 61.00 ef 58.33D 56.67 h 6132¢g 70.66 de 6522 D
4000 49.66 h 50.66 h 54.00 gh 5145 E 51.00 i 72.01 de 72.67 de 62.88 D
5000 43.001 43.001 44.00 1 4333 F 4433 43.67] 51.331 46.44 E
Mean 60.27 C 62.27 B 66.88 A - 61.83C 68.72 B® 75.66 A -

Means having the same letter (s) in each row, column or interaction are insignificantly different at 5% level.
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treatment (orchard irrigation water) recorded the
highest significant peel weight, followed by 1000
ppm. Meanwhile, the lowest peel weight was
found at 5000 ppm for both seasons. Regarding
potassium humate treatments, the highest
significant value of peel weight was detected at
100 g/plant/year, followed by 50 g/plant/year in
both seasons. The interaction of the two study
factors revealed that the control treatment with
potassium humate at 100 g/plant/year produced
high values in the first season. Meanwhile, control
treatment at 50 g and/or 100 g rates produced a
higher positive effect on peel weight in the second
season. On the other hand, the lowest peel weight
was recorded with zero potassium humate under
5000 ppm of irrigation water salinity.

Number of seeds/fruit

Regarding salt levels, the most significant
number of seeds were found in the control
treatment (orchard irrigation water), which
was followed by 1000 and 2000 ppm. For both
seasons, 5000 ppm was where the least amount of
seeds were discovered. With respect to potassium
humate treatments, 50 g/plant/year in both
seasons was shown to be the lowest value for the

number of seeds, with 100 g/plant/year being the
maximum. The results of the interaction between
the two research variables indicated that the
salinity water treatment control using potassium
humate at a rate of 100 g/plant/year resulted in the
highest significant value of seeds in both seasons.
On the other hand, the fewest number of seeds
were recorded with zero potassium humate under
5000 ppm of irrigation water salinity.

Seeds weight

In case of salinity levels, the lowest significant
seed weight was seen in both seasons at 5000 ppm.
On the other hand, control had the highest weight
of seeds, followed by other levels. Regarding
potassium humate treatments, it was discovered
that a high potassium humate application of 100 g
per tree produced the highest values of seed weight
in the first and second seasons. According to the
interaction between the two study factors, salinity
levels at 4000 and 5000 ppm with potassium
humate at a 0 g rate in the first season and salinity
at 5000 ppm levels with potassium humate at 0 g
and 50 g/plant/year rates in the second season had
the lowest significant values of seed weight.

TABLE 7. Effect of irrigation water salinity and potassium humate on peel weight (g) and number of seeds/fruit of

prickly pear plants 2020 and 2021 seasons.

Season 2020 Season 2021
Salinity Potassium humate(g/plant/year)
L of . 0 50 100 Mean 0 50 100 Mean
v'vrart'eg::::::l Peel weight (g)
control 5243 cd 53.46 bed 68.80 a 5823 A 54.16 b 70.56 a 73.70 a 66.14 A
1000 50.23 cde 56.40 be 60.50 b 5571 A 53.73b 52.33 be 54.66 b 53.57B
2000 44.60 e-h 52.13 cd 57.30 be 51.34B  52.23bcd 49.83b-e 50.76bcd  50.94B
3000 42.63 f-i 48.13d-g  5046cde 47.07C 48.53 b-f 43.83d-g 45.63c-g  46.00C
4000 40.93 ghi 39.83 hi 48.26 def  43.01C 40.03 g-i 3466 hi  4523cg 3997D
5000 37.00 i 37.86 hi 41.03 f-i 38.63 D 33231 41.13fh  4240e-g 38.92D
Mean 44.63 C 4797 B 5439 A - 46.98 B 48.72 B 52.06 A -
Number of seeds/fruit
control 197.67 ¢ 215.00b 243.00a 21856 A 172.33cd 195.00b 220.00a  195.78 A
1000 194.67 ¢ 189.33 ¢ 196.00c  193.33B 173.00cd 178.00 ¢ 202.67b  184.56B
2000 15733 de 155.33 de 167.00d  159.89C  165.00d 163.00d 167.33cd 165.11C
3000 98.00 h 125.67 f 142.67e 122.11D 79.00 i 143.67 150.67e  124.44D
4000 77.00ij 113.67 fgh 11733 fg  102.67E 79.00 i 116.67 g 134.67f 110.11 E
5000 65.00 j 81.671 108.67gh  85.11 F 80.33 1 90.33 hi 101.33 h 90.67 F
Mean 131.61 C 146.78 B 162.44 A - 124.78 C 147.78B 162.78 A -

Means having the same letter (s) in each row, column or interaction are insignificantly different at 5% level.
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Pulp weight

Regarding  salinity the
treatment (orchard irrigation water) recorded the
highest significant pulp weight, followed by 1000
ppm and 2000 ppm. In contrast, both seasons
revealed the lowest pulp weight of 5000 ppm.
The highest value of pulp weight for potassium
humate treatments was found at 50 g and 100 g/
plant/year in the first season and 100 g rates in
the second season. The interaction of the two
research variables revealed that the control of
salinity water treatment with potassium humate
at 50 g and 100 g rates per plant per year in the
first season and 100 g rates in the second season
gave the highest significant value of pulp weight.
On the other hand, the lowest pulp weight was
recorded with zero potassium humate under 5000
ppm of irrigation water salinity.

levels, control

Fruit TS.S.

In relation to salinity levels, the control
treatment (orchard irrigation water), which had
the highest significant fruit total soluble solids
content, was followed by 1000 ppm and 2000

ppm. The fruit with the lowest total soluble
solids content was found to be 5000 ppm in both
seasons. Regarding potassium humate treatments,
the fruit’s total soluble solids content was found to
be 100 g/plant/year, followed by 50 g/plant/year
in both seasons, which was the greatest significant
value. According to the interaction between the
two study variables, potassium humate treatment
of salt water at a rate of 100 g per plant per year
produced fruit with the highest levels of total
soluble solids in both seasons. On the other hand,
0 g/plant/year potassium humate under 5000 ppm
of irrigation water salinity was observed as having
the lowest fruit total soluble solids content in both
seasons.

Fruit total acidity content

Concerning salinity levels, the control treatment
indicated the lowest significant fruit total acidity
content in both seasons. Meanwhile, the highest
value was found at 5000 ppm, followed by other
levels. Regarding potassium humate treatments,
the 100 g rate recorded the lowest significant
values of fruit total acidity content compared

TABLE 8. Effect of irrigation water salinity and potassium humate on seeds weight (g) and pulp weight (g) of
prickly pear plants 2020 and 2021 seasons.

Salinity Season 2020 Season 2021
of Potassium humate (g/plant/year)
irrigation 0 50 100 Mean 0 50 100 Mean
water Seeds weight (g)
pPpm
Control 28.70 ¢ 31.21b 3527 a 31.73 A 25.81cd 29.19b 3294 a 2931 A
1000 28.26 ¢ 2747 ¢ 2844 c 28.06 B 25.90 cd 26.65¢ 30.34b 27.632 B
2000 22.83 de 22.53 de 24.24d 23.20C 24.70d 24.40d 25.05 cd 2471C
3000 14.23 h 18.23 f 20.71e 17.72D 11.83 1 21.51 ef 22.56 ¢ 18.63 D
4000 11.17 ij 16.50 fgh 17.03 fg 1490 E 11.82 1747 g 20.16 £ 1648 E
5000 9.43j 11.851 15.77 gh 12.35F 12.03 i 13.52 hi 15.17h 13.57F
Mean 19.10 C 21.30B 23.58 A - 18.68 C 22.12B 2437 A -
Pulp weight (g)

Control 58.46 b 9130 a 82.50 a 77.42 A 50.66 ¢ 66.53 b 81.63 a 66.27 A
1000 37.03 ¢ 3720 ¢ 3440cd  3621B  29.80fgh 37.70def 37.70def  3596B
2000 27.83de  2046efg 2043efg 2655C  28.70gh  36.73d-g  42.46cd 35.06 B
3000 2746 def  16.90 gh 3530cd  23.12C 16.23 ij 31.40 efg 39.16 de 28.93 C
4000 14.90 gh 37.03 ¢ 18.06 g 2291C 13.46 ij 34.10d-g  29.26 fgh 25.61C
5000 7.90 h 18.76 fg 2323 efg  16.63D 12.30j 16.73 i 22.13 hi 17.05D
Mean 28.82 B 36.94 A 35.65A - 25.19C 37.20B 42.06 A -

Means having the same letter (s) in each row, column or interaction are insignificantly different at 5% level.
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TABLE 9. Effect of irrigation water salinity and potassium humate on fruit T.S.S. (%) and fruit total acidity
content (%) of prickly pear plants 2020 and 2021 seasons.

Salinity Season 2020 Season 2021
of Potassium humate (g/plant/year)
irrigation 0 50 100 Mean 0 50 100 Mean
water ppm
Fruit T.S.S. (%)
control 9.713 ¢ 9.856 b 9.966 a 9.884 A 9.636 ¢ 9.870 b 9.926 a 9.811 A
1000 9.540 f 9.576¢ 9.640d 9.585B 9.486 ¢ 9.560d 9.646 ¢ 9.564 B
2000 9.070 i 9.143 h 9220¢g 9.144 C 8.963 h 9.053 g 9.110 f 9.042 C
3000 8.766 Im 8.810k 8.866 j 8.814D 8.6531 8.766 j 8.8361 8.752D
4000 8.633n 8.740 m 8.790 k1 8721 E 8.603 m 8.6561 8.696 k 8.652E
5000 8.226q 8293 p 83530 8.291F 8.176 p 8.176 p 8.303 n 8.245F
Mean 8.992C 9.070 B 9.139 A - 8.920C 9.027B 9.086 A -
Fruit total acidity content (%)

control 0.5161 0.503 m 0.486 n 0.502 F 0.566 k 0.5401 0.520 m 0.542 F
1000 0.556 ] 0.526 ki 0.530 k 0.537E 0.620 i 0.563 k 0.5501 0.577E
2000 0.606 h 0.576 1 0.550j 0.577D 0.663 g 0.633h 0.593; 0.630D
3000 0.663 de 0.633 g 0.583 1 0.626 C 0.706 e 0.683 f 0.656 g 0.682C
4000 0.730b 0.670d 0.646 £ 0.682 B 0.740 cd 0.730d 0.713 ¢ 0.727 B
5000 0.763 a 0.706 ¢ 0.653ef  0.707A 0.783 a 0.763 b 0.743 ¢ 0.763 A
Mean 0.639 A 0.602 B 0.575C - 0.680 A 0.652B 0.629 C -

Means having the same letter (s) in each row, column or interaction are insignificantly different at 5% level.

to the other concentrations in both seasons. The
interaction between the two study factors showed
that salinity levels at the control treatment with
potassium humate at 100 g/plant/year recorded
the lowest significant values of fruit total acidity
content in both seasons. On the other hand, the
highest fruit total acidity content was recorded
with zero potassium humate under 5000 ppm of
irrigation water salinity.

Fruit T.S.S. / Acid ratio

In case of salt levels, control treatment (orchard
irrigation water) recorded the greatest significant
fruit T.S.S. / Acid ratio, followed by 1000 ppm
and 2000 ppm; in contrast, the lowest fruit T.S.S.
/ Acid ratio was discovered at 5000 ppm in both
seasons. Regarding potassium humate treatments,
the fruit T.S.S. / Acid ratio showed the highest
significant value at 100g/plant/year, followed by
50g/plant/year in both seasons. The interaction
between the two study variables revealed that
potassium humate treatment of salt water at a
rate of 100g per plant per year produced the fruit
T.S.S./Acid ratio with the greatest significant
value in both seasons. The lowest fruit T.S.S. /

Acid ratio, on the other hand, was discovered
with zero potassium humate under 5000 ppm of
irrigation water salinity.

Ascorbic acid

Regarding salinity levels, control treatment
(orchard irrigation water) recorded the greatest
significant ascorbic acid values, followed by 1000
ppm and 2000 ppm, while the lowest ascorbic
acid was discovered at 5000 ppm in both seasons.
The highest significant value of ascorbic acid was
found in the potassium humate treatments at 100
g/plant/year, followed by 50 g/plant/year in both
seasons. According to the interaction between the
two study variables, potassium humate treatment
of salt water at a rate of 100 g per plant per year
produced the ascorbic acid levels that were most
significantly different in both seasons. The lowest
concentration of ascorbic acid, on the other hand,
was found in irrigation water with a salinity of
5000 ppm and no potassium humate.

Salinity is one of most important abiotic
stresses and threat to agricultural
sustainability in the arid to semi- arid regions. The

serious
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TABLE 10. Effect of irrigation water salinity and potassium humate on fruit T.S.S. / Acid ratio and Ascorbic acid
of prickly pear plants 2020 and 2021 seasons.

Salinity Season 2020 Season 2021
of Potassium humate (g/plant/year)
irrigation
water ppm 0 50 100 Mean 0 50 100 Mean
Fruit T.S.S. / Acid ratio
control 18.830c  19.630b  20.503a  19.654A  17.153cd  18290b 192102 18218A
1000 17.157¢  18.197d  18217d 17.857B  15.410¢ 17.033d  17.563¢  16.669 B
2000 14970g  15863f  16.783e  15872C  13.697¢ 14.453 f 15577¢ 14576 C
3000 13.2234j  13.927h  15220g  14.123D  12.427i 12907h  13513g  12.949D
4000 11833k 13.063j  13.600hi  12.832E  11.680k  11.983jk  12.347ij  12.003E
5000 107871 11757k 12.793j  11.779F  10.513m  10.8771lm 112501  10.880 F
Mean 14467C  15406B  16.186 A - 13480 C  14257B  14910A -
Ascorbic acid (mg ascorbic acid/100 ml juice)

control 16523¢  16.713b  16973a  16.737A  14917d 15.603 b 15.853a  15458A
1000 16213f  16.330e  16420d  16321B  14.760 f 14.843 ¢ 15.160c 14921 B
2000 15670j  16.060h  16.120g  15950C  14.323h 14660 g  14907d  14.630C
3000 154831 15640k 157071  15.610D  13.8101 14.120 142571  14.062D
4000 152730  15390n  15453m  15372E 134370 13.723m  14.023k  13.728E
5000 14.857q  15.160p 152730  15.097F 13.350 p 134300  13.483n  13421F
Mean 15670C  15.882C 15991 A - 14.099C  14397B  14614A -

Means having the same letter (s) in each row, column or interaction are insignificantly different at 5% level.

results of fruit quality induced by salinity level
and humic acid rates were emphasised by the
findings by Eissa (2003) and Fathy et al. (2010),
which revealed that humic acid treatments (foliar
and soil applications) increased yield and fruit
physical and chemical properties (fruit firmness,
juice SSC and SSC/acidity ratio) of ‘Canino”
apricot. Furthermore, use of humic substances
for removing negative effects of elements in
toxic quantities, and effects on plant growth on
Wheat (Triticum durum cv. Salihli) were studied
under conditions water shortage and salt level by
Asik et al., 2009). The enhancement of potassium
on the fruit quality of cactus pear fruits may be
attributed to the physiological role of potassium
in enhancing many metabolic processes such
as carbohydrate formation, translocation and
accumulation (Ganeshamurthy et al.,, 2011).
Furthermore, potassium humate increases the
production and quality of a potato crop and
increases plant tolerance to drought stress and

Egypt. J. Hort. Vol. 50, No. 2 (2023)

salinity. Jalilm et al. (2013).

Root anatomy

Root anatomy investigation and observations
reflected how the plant affected by saline water
in different concentration with control and Tab
water on the root ability to absorb by their tissue
in root system Fig (1). The root system of cactus
pear plant exhibited under water control treatment
irrigation observed that vessels bundles were the
least numbers phloem, xylem layers, least root
diameter in the cross section; these were not
affected by 1000 ppm concentration of irrigation
water salinity.

Periderm layer

Periderm layer was increased under control
orchard irrigation water less than 1000 ppm. This
agreed with Abou taleb (2003), who reported that
the cortex of the pecan root cross section was
decreased by salin irrigation water.

The vascular bundle thickness
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The vascular bundle thickness were affected
by saline water 2000 ppm Fig.2 There was a
beginning of increased xylem layer was observed.
These results agree with those of Sourial et al.
(1975) and more so with those of Abou taleb
(2003). Meanwhile, Ahmed (1982) reported a
decrease in xylem vessels under saline irrigation
water.

Phloem thickness

Phloem layers in El-Shamia cactus pear were
increased by increasing the concentration of
saline irrigation water. The high concentration
of 60007000 ppm exhibited more phloem cells
and a large area of phloem and xylem cells. There
was activity of precicle layer in cactus pear plants
Walker et al., (1984) reported that hypodermal
cells that developed and had large are under saline
water & compared with control.

Xylem thickness

Differentiated cell of xylem layer was showed
and affected by saline water at 3000 ppm as
well as 4000 ppm of treatment irrigation was
increased (Fig. 3 and 4) . The xylem layers and
thickness of the endoderm layer were maximised
at 6,000, in addition to the thickness of the cortex
and cambium layer. Meanwhile, periderm was
increasing under control and tap water contained
less than 1000 ppm. These findings were agreed
with (Taleb 2003) reported that the cortex of pear

root cross section was decreased by irrigation
water saline.

Conclusion

From the present study, it could be concluded
that El-Shamia cactus pear cultivar gave the best
results with orchard irrigation water treatment and
potassium humate at 100g where improved natural
and chemical properties of fruits. On the other
side, reduced fruit drop, peel weight, number of
seeds, seeds weight and fruit total acidity content.
Potassium humate is considered as a plant growth
bio- stimulate used for alleviating the inferior
effects of soil salinity of cactus pear plants under
salinization conditions. In addition, all of root
tissue affected by salt solution and mutated to
adapt with high concentrations.
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Fig. 1. root anatomical structure of El-shamia cuctus pear cultivar roots influenced by salinity stress levels.
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