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improving the vegetative traits of some citrus rootstocks
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Abstract

The experiment was carried out in the shade of the Department of
Horticulture and Landscape / College of Agriculture / University of
Kerbala for the period from (1/3/2024) to (1/11/2024). To evaluate the
response of citrus rootstocks to soil-applied humic acid and foliar
application of CPPU on vegetative growth traits of six-month-old
seedlings, a 3x3x3 factorial experiment was conducted using a
completely randomized block design (CRBD) with three replicates.
Treatments included humic acid (0, 3 and 6 g L-1), CPPU (0, 5 and 10
mg L), and three citrus rootstocks (Rangpur, Macrophylla, Sour
Orange). The humic acid soil addition treatment 6 g L' significantly
outperformed the control treatment, recording the highest averages for
plant height (37.04 cm), stem diameter (5.075 mm), number of leaves
(197.74 leaves plant!), number of branches (4.330 branches plant™),
leaf area (422.86 cm?), dry weight of the vegetative system (13.110 g),
and dry weight of the root system (5.755 g). The spraying CPPU at 10
mg L1 also showed superiority, achieving notable increases in the same
traits an averages of (32.40 cm, 5.036 mm, 197.07 leaves plant, 4.354
branches plant!, 397.15 cm?, 12.633 g, 5.637 g). The results also
showed significant differences between the rootstocks, with the
Rangpur rootstock achieving the highest values in most of the traits
under study. Moreover, the combined treatments, particularly the triple
interaction (Rangpur + humic acid at 6 g L' + CPPU 10 mg L),
significantly enhanced several vegetative growth traits.

Keywords: Humic acid , Growth regulator CPPU ,Citrus rootstocks.

Introduction

Citrus trees belong to the Rutaceae family, which has several genera, the most
important of which is the economic genus Citrus. Citrus is widespread in tropical and
subtropical regions [1]. Citrus fruits are characterized by containing oil glands in most
of their parts, which give them a distinctive smell that distinguishes them from other
fruit trees. In addition, they are of great importance among fruit trees due to their
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nutritional, economic, medicinal and aesthetic value. It contains many minerals such
as calcium, phosphorus, potassium, iron and other elements. In addition, it is rich in
vitamins such as vitamin C, vitamin A, B1, B2, and it is also a source of dietary fiber
[2]. The low citrus production in Iraq compared to global production may be due to the
use of unsuitable stocks for propagating various citrus species and the excessive use of
chemical fertilizers. Therefore, the most common and recently introduced stocks in
Iraq are sour Orange, Rangpur and Macrophylla, which are characterized by unique
growth characteristics, including their compatibility with most citrus varieties and their
resistance to unfavorable environmental conditions, The Sour Orange rootstock is
characterized by a semi-short root and resistance to root rot disease. It is compatible
with most commercial varieties, but it is susceptible to infection by nematodes and
tristeza disease[3,4]. The Rangpur rootstock is characterized by its tolerance to salinity,
resistance to citrus tristeza, succulence in loamy and light soils, and resistance to
nematodes. It is a hybrid rootstock resulting from the crossbreeding of sour lemon,
while the Macrophylla rootstock is tolerant of calcareous and sandy soils. Grafted
varieties are vigorous and highly productive. Originally from the Philippines, it is
believed to be a hybrid between the Benzohir and the Adalia lemon due to their similar
phenotypic and genetic characteristics. It has smaller leaves compared to the sour
Orange] 5,6].

Organic fertilizers are essential for improving soil fertility, as they provide a variety
of essential nutrients that enhance the activity of microorganisms and improve
seedlings' absorption of nutrients, leading to increased seedling growth [7,8]. Among
the most prominent of these fertilizers is humic fertilizer, which activates the action of
plant enzymes. In addition, it is used as a complementary source of phenols in the early
stages, which increases the biological efficiency of the plant and stimulates
hanrespiratio, photosynthesis, phosphorus absorption, and cell expansion [9,10,11,12].
It also which contains many nutrients such as nitrogen, phosphorus, iron and amino
acids, which work to lower soil pH and thus improve the availability of trace elements,
enhance soil biological activity and improve seedling growth, cell elongation and root
growth, reducing the pH of the root environment increases nutrient availability because
iron is more soluble, and phosphorus is released from insoluble compounds and is more
available and efficient. Reducing pH also generally improved nitrogen uptake,
particularly the ammonium form, and allowed organic matter decomposition and
release of amino acids, rather than being bound as unavailable nutrients typically a
moderate pH range (5.5-6.5) is ideal nutrient availability for plants. [13,14,15]. The
use of plant growth regulators, especially growth promoters such as auxins, cytokinins
and gibberellins, stimulates cell division and elongation. N-(2-Chloro-4-Pyridyl)-N-
Phenylurea (CPPU) is one of the most effective cytokinins in stimulating cell division
and expansion [16].
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Treatment with the growth regulator CPPU is 10-100 times more effective than
benzyl adenine (BA), which contributes to achieving good positive results when
sprayed on citrus rootstocks, as it leads to physiological effects, including stimulating
cell division and increasing cell expansion. It also works to break the apical dominance
of the terminal bud, thus stimulating the growth of lateral buds and growth in general
[17,18]. Due to the lack of studies on the use of newly introduced citrus rootstocks in
Iraq and the addition of humic organic fertilizer and CPPU growth regulator, the study
aim to determine the best concentration of humic acid fertilizer and CPPU growth
regulator and their interaction in improving the vegetative and root growth
characteristics and chemical content of citrus rootstocks in order to produce seedlings
suitable for grafting with less time, effort and cost.

Materials and methods
Experiment Site and Implementation

The experiment was conducted on citrus rootstocks in a Saran-covered canopy with
50% shading in the Department of Horticulture and Landscape Engineering, College
of Agriculture, University of Karbala, located in Al-Hussainiya District, from March
1, 2024 to November 1, 2024.

Seedling Preparation and Agricultural Operations

Seedlings of (243) citrus rootstocks (Rangpur, Sour Orange, and Macrophylla) were
selected, with homogeneous growth, 6 months old, and free of pathogenic pests. The
seedlings were planted in 1.25 kg polyethylene bags obtained from the Karbala Citrus
Project Station, certified by the Horticulture Department, Ministry of Agriculture,
Tuwairij District, Karbala Governorate. On 1/2024, The seedlings were transferred to
plastic containers with a capacity of (10 kg). filled with sandy soil mixed with peat
moss at a ratio of 1:3. The soil of the containers was sterilized before rotating the
seedlings with Beltanol at a concentration of (0.5 ml L) as a preventive fungicide. The
canopy soil was scraped to a depth of (10 cm) and covered with agricultural nylon to
prevent the growth of bushes and weeds and facilitate taking readings for root
characteristics later. After that, the containers were randomly distributed within the
experimental sectors within the plant canopy. Service operations were also carried out,
including irrigation and weeding, and between replicates for all treatments, and equally
whenever necessary, until the completion of recording the studied characteristics on
(11/1/2024).
Study Factors

The experiment included three factors

The first factor was the addition of humic acid using the fertilization method at
three concentrations (0, 3, and 6 g L"). Humic acid fertilizer was added on March 15,
2024, in four batches, 30 days apart. The second factor involved spraying with the
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growth regulator CPPU at three concentrations (0, 5, and 10 mg L). Seedlings were
sprayed from April 1, 2024, to May 1, 2024, at a rate of one spray every 30 days. The
third factor involved three citrus rootstocks (orange bitter, rangpur, and Macrophylla).

Experimental Design and Statistical Analysis

A 3%x3x3 factorial experiment was conducted using a randomized complete block
design (RCBD) with three replicates. Each replicate included (27) treatments, with
three seedlings per experimental unit, resulting in a total of 243 seedlings. The results
were analyzed using an ANOVA table using the Genstat 2007 statistical analysis
program, and the averages were compared using the least significant difference (LSD)
at a probability level of 0.05[4].

Data Collection
Average increase in seedling height (cm)

The increase in plant height was measured by finding the differences in stem height
before and after the experimental treatments, using a tape measure graduated from the
soil surface to the highest peak of the main stem. The average was extracted for each
experimental unit for the treatments used in the study and for each replicate.

Average increase in seedling diameter (mm)

Stem diameter increase was measured before and after the experimental treatments at
a distance of 2 cm from the surface using a Vernier digital caliper. The average was
used for each experimental unit for the treatments used in the study and for each
replicate.

Number of leaves (leaf plant™)

The total number of leaves per seedling was calculated at the end of the experiment in
each experimental unit and in each replicate.

Number of branches (branch plant™)

The total number of branches per seedling was calculated at the end of the experiment
in each experimental unit and in each replicate.

Leaf area (cm?)

Leaf area was calculated using the Image program in Windows 7. By multiplying the
area of one leaf by the number of leaves per plant, the leaf area per plant was calculated
[20,21].

Dry weight of the shoot system (g)

The dry weight of the vegetative system (g) was calculated by separating the vegetative
system from the root system. They were then washed with water to remove dust and
impurities, and the fresh weight was calculated using a sensitive electric balance. The
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samples were then placed in separate paper bags and dried in an electric oven at a
temperature of (70°C) for (48) hours until the dry weight was established. The dry
weight was measured using a sensitive electric balance [22].

Dry weight of the root system (g)

The dry weight of the root system (g) was calculated by removing the seedlings from
the anvils after the end of the experiment for each experimental unit of the experimental
factors, separating the vegetative system from the root system from the swollen crown
area, washing the roots with water, and taking their wet weight. They were placed in
perforated paper bags in an electric oven at a temperature of (70°C) for (48) hours until
the dry weight was fixed, as calculated by the dry weight scale

Results and Discussion
Plant height

Table (1) shows a significant effect of humic acid, growth regulator and rootstock
on the average increase in plant height. Humic acid at a concentration of (6 g L)
recorded a significant superiority in the average increase in plant height, reaching
(37.04 cm), compared to the control treatment, which recorded the lowest average
increase in plant height, reaching (19.68cm). Averagewhile, the spraying treatment
with CPPU growth regulator at a concentration of (10 mg L) showed a significant
superiority in the average increase in plant height, reaching (32.40 cm), compared to
the control treatment, which gave the lowest average, reaching (24.33 cm). The orange
rootstock also outperformed, giving the highest average increase in plant height,
reaching (33.31cm), compared to the Macrophylla rootstock, which gave the lowest
average plant height, reaching (21.69cm). The results Table( 1) show that the two-way
interaction treatment (humic acid at 6 g L' + CPPU at 10 mg L) achieved the highest
interaction (41.54 cm), while the control treatment for both factors recorded the lowest
interaction (15.26cm). The interaction treatment (Sour orange rootstock + humic acid
at 6 g L) also achieved the highest interaction (42.02 c¢m), which did not differ
significantly from the treatment (Rangpur rootstock + humic at a concentration of 6 g
L) which reached (40.44 cm) compared to the other treatments, while the treatment
(Macrophylla rootstock + humic at 0 g L) recorded the lowest average increase in
plant height of (13.41 cm). The results also indicated the presence of a significant
interaction between the rootstock and the growth regulator CPPU, as the interaction
(Sour orange rootstock + CPPU at 10 mg L) was outperformed, giving the highest
interaction with an average of (38.89 cm), while the interaction treatment (macrophylla
+ CPPU at 0 mg L) gave the lowest average of (18.98cm).

The results of the triple interaction between the study factors showed a significant
effect on the average stem height, as the triple interaction treatment (Sour orange
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rootstock + humic acid at 6 g L' + CPPU at 10 mg L) was outperformed, giving the
highest average of (48.33cm) compared to the triple interaction treatment (Macrophylla
rootstock + humic acid at Og L' + CPPU at 0 mg L!) which gave the lowest average

of (10.22cm).

Table (1): Effect of humic acid, growth regulator CPPU, rootstock and their

interactions on the of average plant height(cm).

Journal of Kerbala for Agricultural Sciences Issue (4), Volume (12), (2025)

. 1 Rootstock
Rootstock aciftliu(znli'l) CPPU (mg L) X

0 5 10 Humic acid

0 19.33 26.44 29.83 25.20

Sour orange 3 28.06 31.56 38.50 32.70

6 34.44 43.28 48.33 42.02

0 16.22 20.78 24.28 20.43

Rangpur 3 26.78 29.61 33.11 29.83

6 37.22 39.89 4422 40.44

0 10.22 13.78 16.22 13.41

Macrophylla 3 20.67 23.33 25.06 23.02

6 26.06 27.83 32.06 28.65

L.S.D o.05 5.174 2.987
Humic acid x CPPU (Hﬁ‘rvneizaf; 0

0 15.26 20.33 23.44 19.68

3 25.17 28.17 32.22 28.52

6 32.57 37.00 41.54 37.04

L.S.D o.05 2.987 1.725
Rootstock x CPPU (R‘X‘zﬁffk)

Sour orange 27.28 33.78 38.89 33.31

Rangpur 26.74 30.09 33.87 30.23

Macrophylla 18.98 21.65 24.44 21.69

L.S.D ¢.05 2.987 1.725

Average (CPPU) YEYY | 2850 | YY,¢.
L.S.D o.05 1.725

Stem diameter

From Table (2), we note that humic fertilizer at a concentration of (6 g L)
significantly outperformed the other treatments in the stem diameter increase trait,
reaching (5.075 mm), recorded the lowest average of (¥,Y1Y mm) . The spraying
treatment with the growth regulator CPPU at a concentration of (10 mg L) also
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achieved the highest average stem diameter increase, reaching (5.036 mm), compared
to the control treatment, which gave the lowest average stem diameter increase,
reaching (3.456 mm). The Rangpur rootstock also significantly outperformed the other
rootstocks in the average stem diameter increase, reaching (4.963 mm), compared to
the Macrophylla rootstock, which gave the lowest average stem diameter increase,
reaching (3.872 mm). The data presented in table (2) revealed a significant interaction
between humic acid and the growth regulator, as the two-way interaction treatment
(humic acid 6 g L' + CPPU 10 mg L) recorded the highest average of (5.972 mm)
compared to the control treatment for both factors (humic acid 0 g L' + CPPU 0 mg L-
1, which recorded the lowest average of (2.787 mm). The results also indicated a
significant interaction between citrus rootstocks and humic acid concentrations, where
the interaction (Rangpur rootstock +humic acid at 6 g L™!) achieved the highest average
of (6.003 mm ), while the interaction (Macrophylla rootstock + humic acid at 0 g L)
recorded the lowest average of (3.499 mm). Furthermore, a significant interaction was
found between rootstocks and the growth regulator, as the interaction (Rangpur
rootstock + CPPU 10 mg L) recorded the highest average of (5.840 mm), while the
interaction ( Sour Orange rootstock + CPPU 0 mg L) gave the lowest average of (
v,Y1Y mm)

From the results presented in Table (2), a significant triple interaction was observed
among the experimental factors, as the interaction (Rangpur rootstock + humic acid at
6 g L' + CPPU at 10 mg L) excelled by achieving the highest interaction with a
average of (V) Yomm), while the interaction ( sour orange rootstock + humic acid at 0
g L' + CPPU at 0 mg L") recorded the lowest average of (Y,°YYmm).

Table (2): Effect of humic acid, growth regulator CPPU, rootstock and their
interactions on the stem diameter(mm).

. Rootstock
i CPPU L1
Rootstock acgu(mllf-l) gLy X

g 0 5 10 Humic acid

0 Y,ovY £F. 4367 ¥,14 .

Sour orange 3 Y,00Y £,Y14 4.464 § VA

6 ¥,10 o,+ YA 6.048 £,9Y .

0 2.958 4.448 4.889 £, 3A

Rangpur 3 3.687 °,\VY 0,040 £,YAA

6 4.698 AT V,\Yo 1,00 Y

0 2.831 v,va1 Y,AY . Y,¢419

Macrophylla 3 3.559 v,04V YA Y,AY €

6 3.584 ¢,0¢19 E,veyY €,Y4Y

L.S.D ¢.05 0.2874 ;) 1ed
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Humic acid x CPPU (Hﬁ;eizaf; 0
0 2.787 ¢,VYo ¢,Yvo Y,vay
3 3.599 ¢,YYA £,vy £,YY.
6 3.982 o,YV) 0,4VY o,.Vo
L.S.D ¢.05 0.1659 0.0958
Rootstock x CPPU (RIAO‘;etgiffk)
Sour orange v,y £,6v1 4.960 £,YYY
Rangpur 3.781 °,Y14 0,AL. £,91y
Macrophylla ¥,YYe Y,4A) £, Y,AVY
L.S.D ¢.05 0.1659 0.0958
Average (CPPU) Y,ion | geve | o,.vn
L.S.D ¢.05 0.0958

Number of branches

The results presented in Table (3) show that humic acid had a significant effect on
the number of branches, as the level of (6 g L'!) was superior, recording the highest
average number of branches, reaching (4.330 branches plant™), compared to the control
treatment, which gave the lowest average number of branches, reaching (3.359
branches plant!). The spraying treatment with a growth regulator at a concentration of
(10 mg L) was superior, giving the highest average number of branches, reaching
(4.354 branches plant!), compared to the control treatment, which gave the lowest
average number of branches, reaching (3.043 branches plant™'). As for the rootstock, it
had a significant effect on the number of branches, as the Rangpur rootstock
outperformed it in the number of branches, reaching (4.123 branches plant™'), compared
to the Macrophylla rootstock, which gave the lowest average number of branches,
reaching (3.526 branches plant™).

The results in Table (3) show that the two-way interaction treatment (humic acid at

6 g L' + CPPU at 10 mg L) achieved the highest interaction ( £,A4Y branches plant
1, while the control treatment for both factors recorded the lowest interaction (¥,17Y
branches plant™). The interaction treatment (Rangpur rootstock + humic acid at 6 g L°
1) also achieved the highest interaction (4.669 branches plant '), while the interaction
(Macrophylla + humic acid at 0 g L") recorded the lowest interaction (3.114 branches
plant ). The results also indicated the presence of a significant interaction between the
rootstock and the growth regulator CPPU, as the interaction (Rangpur rootstock +
CPPU at 10 mg L") was outperformed, giving the highest interaction with an average
of (4.634 branches plant '), while the interaction treatment (Macrophylla + CPPU at 0
mg L) gave the lowest average of (2.874 branches plants™).
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The results also showed that the triple interaction among the study factors had a
significant effect, as the treatment ( Rangpur rootstock + humic acid at 6 g L' + CPPU
at 10 mg L) outperformed by recording the highest average of (¢,YYY branches plant
-1), while the interaction (Sour Orange rootstock + humic acid at 0 g L' + CPPU at 0
mg L) recorded the lowest average of (¥,¢ ¥4 branches plant ).

Table (3): Effect of humic acid, growth regulator CPPU, rootstock and their
interactions on the number of branches (branch plant ).

Humic CPPU (mg L) Rootstock
Rootstock acid (g L) X
0 5 10 Humic acid
0 Y,¢v14 v,¢¢1 £,V ¥,Yye
Sour orange 3 Y,AAQ £,V ) $,YYY Y,yYvy
6 ¥YYe ¢, 000 £ AAT £ YOA
0 Y, AAY ¥,Vvoe § XYY ¥,aYY
Rangpur 3 Y,e8Y &YYY ¢,8¢e1 ¢, V¢
6 ¥,VVo O v o,YYY ¢,114
0 Y,11¢ Y00 Y v,e1y Y,V ¢
Macrophy]]a 3 Y,YYA v,y YoAVY Y,60)
6 Y A $,£00 ¢ ooV ¢, Y
L.S.D o.05 SAREAl 0.0608
Humic acid x CPPU Average
(Humic acid)
0 Y,y Y,8¢¢ ¥,4V) ¥,yed
3 Y, YV £,0\Y ¢£,Y414 Y,ve)
6 (AN £,UTA ¢ ,AQY £,YY .
L.S.D .05 0.0608 0.0351
Rootstock x CPPU Average
(Rootstock)
Sour orange Y,AAY £, YV §,68V ¥,va.
Rangpur v, yy ¢, 74 $,1Y7¢ VY
Macrophylla Y,AV¢ A AR Y,4A ¥,ov1
L.S.D .05 0.0608 0.0351
Average (CPPU) Yooty | g,.8v | g, vot
L.S.D o.05 0.0351

Number of leaves

The results in Table (4) showed that the treatment with 6 g L-! humic acid fertilizer
was superior, as it recorded the highest average number of leaves, reaching (197.74
leaves plant!), while the control treatment recorded the lowest average number of
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leaves, reaching (149.20 leaves plant™). The treatment with 10 mg L' growth regulator
spray also outperformed, producing the highest average number of leaves, reaching
(197.07 leaves plant™), compared to the control treatment, which recorded the lowest
average number of leaves, reaching( 139.10 leaves plant™!). The results in Table (4)
also showed that the Rangpur rootstock outperformed the other rootstocks, producing
the highest average number of leaves, reaching (223.96 leaves plant!), compared to
the Macrophylla rootstock, which produced the lowest average number of leaves,
reaching (119.89 leaves plant ™). The results showed a significant interaction between
humic acid and growth regulator, as the interaction (humic acid at 6 g L' + CPPU at
10 mg L) was outperformed, giving the highest interaction with an average of (229.85
leaves plant™), while the lowest interaction was in the control treatment for both factors
with an average of (116.22 leaves plant™). The results of the same in table also showed
a significant two-way interaction between the rootstock and humic acid, as the
Rangpur rootstock with humic acid (6g L) recorded the highest interaction with an
average of (261.26 leaves plant!), while the Macrophylla rootstock with the control
treatment of humic acid (0g L) recorded the lowest interaction of (96.37 leaves plant”
1. It was noted from the results in Table (4) that the interaction between the rootstock
and the growth regulator had a significant effect on number of leaves, reaching, as the
highest interaction was with the Rangpur rootstock and the growth regulator at a
concentration of (10 mg L) with an average of (259.19 leaves plant™'), while the
lowest interaction was with the Macrophylla rootstock with the control treatment of the
growth regulator (0 mg L") which recorded an average of (95.96 leaves plant').The
results also showed that the triple interaction among the study factors had a significant
effect, as the treatment (Rangpur rootstock + humic acid at 6 g L' + CPPU at 10 mg L
1 outperformed by recording the highest average of (Y4),YY leaves plant ), while the
interaction (Macrophylla rootstock + humic acid at 0 g L' + CPPU at 0 mg L)
recorded the lowest average of (A®,YY leaves plant™).

Table (4): Effect of humic acid, growth regulator CPPU, rootstock and their
interactions on the number of leaves (leaves plant™).

Humic CPPU (mg L) Rootstock
Rootstock acid (g L) <

0 ) 10 Humic acid

0 Y4,y YAY, e Y10,)) yoY,oq

Sour orange 3 Yoo, | AYYLYY | VAo, g0 Y14,A)

6 Yoo, ve | Ve, | YAV, VAL, ¢

0 YYY, e YYY,AQ YY4,o%1 YAA, Y

Rangpur 3 Y9),Y¢ YAA, v Yer,ay YYY, oo

6 YoY,AQ | YAA 0T | YA),YY Y1,Y1

Macrophylla 0 Ao, 00 a7, VA TR RN
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3 ANYY YY.,YY YYY,e1 YYo,YYv

6 YYE, e YYA Y Y4y, M) YEv,ay

L.S.D ¢.05 ¢, AY Y,Yov
Humic acid x CPPU (Hﬁﬁ?f; 0

0 VYTLYY | Y09,A9 [ YV, A 149 20

3 YEY,¢¢ Y1Y,A0 YASQ,AQ Ylo,VYY

6 yov,Y Y.o,Y¢ YY4,A0 197.74

L.S.D o.05 Y,Yov 1.361
Rootstock x CPPU (RIA(;\(I)zetlfc?k)

Sour orange VEo,N) YVe,e8 | YAS,A1 168.81

Rangpur YYTL,YY YY1, €A Yoq,y\4 223 96

Macrophylla 10,47 VYV,en | VéR,Ye 119.89

L.S.D ¢.05 Y,YoV y,7¥ 0

Average (CPPU) 139.10 | 1,4 | vav,.y
L.S.D .05 1.361

Leaf area

The results in Table (5) showed that the humic acid fertilizer treatment at a
concentration of (6 g L) was superior, recording the highest average leaf area of
(422.86 ¢cm?) compared to the control treatment which recorded the lowest average
0f(285.15). As for the spraying treatment with growth regulator at a concentration of
(10 mg L), it recorded the highest average leaf area of (397.15 ¢cm?) compared to the
control treatment, which gave the lowest average 0f(305.48 cm?). The results also
showed that the Rangpur rootstock was superior among the three rootstocks in leaf area
of (428.02 cm?) .while the Macrophylla rootstock recorded the lowest average
0f(225.85 cm?). As for the two-way interaction between humic acid and the growth
regulator (CPPU), it was observed that the treatment (humic acid at 6 g L' + CPPU at
10 mg L) achieved the highest interaction, with a average of (479.62 ¢cm?), compared
to the control treatment, which recorded the lowest interaction average of (244.58
cm?).The results also indicated that the two-way interaction between the rootstock and
humic acid (Rangpur rootstock + humic acid at 6 g L") recorded the highest interaction
average of (525.13 cm?), while it was observed that the Macrophylla rootstock with
humic acid at (0 g L) recorded the lowest interaction average of (195.59 cm?). The
results of the statistical analysis in Table( 5) also indicated that the two-way interaction
between the rootstock and the growth regulator CPPU significantly affected the leaf
area , as the treatment with the growth regulator at a concentration (10 mg L!) with the
Rangpur rootstock recorded the highest interaction of (474.03 cm?), while the
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Macrophylla rootstock with the growth regulator at a concentration (0 mg L) recorded
the lowest interaction of (194.98cm?).

The results of the triple interaction between the study factors also indicated a
significant effect on the average leaf area , as the triple interaction treatment (Rangpur
rootstock + humic acid 6 g L' + CPPU 10 mg L") was outperformed, giving the
highest average of (°AY,1Y c¢cm?) compared to the treatment (Macrophylla rootstock +
humic acid 0 g L-1 + CPPU 0 mg L"), which gave the lowest average of (1Y, VY cm?).

Table (5): Effect of humic acid, growth regulator CPPU, rootstock and their
interactions on the leaf area (cm?)

Humic CPPU (mg L) Rootstock
Rootstock acid (g L) X
0 5 10 Humic acid
0 YVYV,Yo YYV,VYA ¥y, ¥Y4,0A
Sour orange 3 YEo,AY g.Y,VY YA, A0 ¥a¢,0,
6 ¢Yo,AT £9¢,7Y oY, AN £9.,1Y
0 Yay,v) Yovy,v1 VY, A Yéo,v4
Rangpur 3 YVYY, YA EYA,WY £1¢,1Y $YATY
6 £1F,AE | oYY,4) | oAT,aY oYo N Y
0 VY,V Y4.,4Y YYYy,va Y40,04
Macrophylla 3 Y.Y¥,4Y% YYY,A¢ Yy,vi YY4,\v
6 YYA,Q¢ Y¢o0,4A Yavy,¢y YoY,YA
L.S.D .05 9,7y 0,841
Humic acid x CPPU Average
(Humic acid)
0 Y¢¢,0A YAV, ¢4 YYY, ¢ YAo,\o
3 Yo, YEAYY YAA €Y Yev,eY
6 1,7 ¢YY,V¢ ¢va iy EYY,AT
L.S.D o.05 5.406 3.121
Rootstock x CPPU Average
(Rootstock)
Sourorange Yee,Ve £.0,Y19 tog Vo $v),0A
Rangpur YY1, VA ¢YyY,ve EVE, WY EYA, WY
Macrophylla YA£,4A | Y14,4) | Yavy,1q YYo Ao
L.S.D o.05 0,841 R A
Average (CPPU) Y.o,6A | YOY,AY | Yav,yo
L.S.D ¢.05 3.121
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Dry weight of the shoot system

The statistical data in Table (6) indicate that the addition of humic fertilizer at a
concentration of (6 g L") had a significant effect on the dry weight of the shoot system,
as the treatment gave the highest average dry weight of the vegetative system, reaching
(13.110 g), while the control treatment gave the lowest average dry weight of the
vegetative system, reaching (8.642 g). The treatment of spraying with growth regulator
at a concentration of (10 mg L) also outperformed by recording the highest average
dry weight of the root system, reaching (12.633 g), compared to the control treatment,
which achieved the lowest average of (A,Y1V). The results of Table (6) show that the
Rangpur rootstock achieved the highest average dry weight of the vegetative system,
reaching (13.700g), compared to the Macrophylla rootstock, which gave the lowest
average dry weight of the vegetative system, reaching (8.562¢g) The results in Table( 6)
indicated a significant interaction between humic acid and the growth regulator
(CPPU), where the interaction treatment (humic acid at 6 g L' + CPPU at 10 mg L)
recorded the highest average of (15.084 g) compared to the control treatment for both
factors (humic acid at 0 g L' + CPPU at 0 mg L), which gave the lowest average of
(6.804 g). The results also revealed a significant interaction between citrus rootstocks
and humic acid concentrations, as the interaction (Rangpur rootstock + humic acid at 6
g L) recorded the highest average of (16.277 g ), whereas the interaction (Macrophylla
rootstock + humic acid at 0 g L") gave the lowest average of (7.157g). The results
further showed a significant interaction between citrus rootstocks and foliar application
of CPPU, where the interaction (Rangpur rootstock + CPPU at 10 mg L") achieved the
highest average of (15.768 g), while the interaction (Sour Orange rootstock + CPPU
at 0 mg L) recorded the lowest average of (6.063g ).

The data presented in Table (6) indicated a significant triple interaction among the
experimental factors. The triple interaction (Rangpur rootstock + humic acid at 6 g L-
1 + CPPU at 10 mg L-1) recorded the highest average of (YA,1V+g), while the triple
interaction ( Sour Orange rootstock + humic acid at 0 g L' + CPPU at 0 mg L") gave
the lowest average of ( V,V¢Y g).

Table (6): Effect of humic acid, growth regulator CPPU, rootstock and their
interactions on the dry weight of the shoot system (g).

Humic CPPU (mg L) Rootstock
Rootstock acid (g L) X

0 S 10 Humic acid

0 v,Yey q,00Y q,YY. Y, 0¢Y

Sour orange 3 ¥,TAY YY,Y . YY,04. q,1vA4

6 Yy, V. AR R YE,VeY YY,av1

0 Yo,Y4. Yo, AN YY,0\ ¥ YY,YYA

Rangpur 3 YA, YA« | V¥ ¥9. | V1Y, V¥, 04V
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6 YV, €00 Y,V YA,V . Y,YVY
0 TL,YA Y, 9. Y0 Y, YoV
Macrophylla 3 V,V4. AYA 9,Aq. A,soV
6 ALYV e YooVYY YY,A¢C Yo, VY
L.S.D o.0s GVYYYY EYYY
Humic acid x CPPU Average
(Humic acid)
0 T,AE q,\v¢ 9,9¢A A, EY
3 V,YA Yoo,4vy YY,ATY Yo,8)
6 Yeo,qY YY,YYo Yo, A¢ YV, Y.
L.S.D o.05 GEYYY Y68
Rootstock x CPPU Average
(Rootstock)
Sour orange T, Y YY,YvA YY,Yo¢ 9,A414
Rangpur YY,Rev [ v avy | ve,via VYLV
Macrophylla V,¥A A,oF q,vvy A0y
L.S.D o.05 GEYYY Y68
Average (CPPU) AYY Yy, vy YYL,AYY
L.S.D .05 GYEE)

Dry weight of the root system

The results in Table (7) showed that the treatment of adding humic fertilizer at a
concentration of (6 g L") was superior, as the treatment recorded the highest average
dry weight of the root system, amounting to (5.755 g), while the control treatment gave
the lowest average dry weight of the root system, amounting to (4.127 g). The treatment
of spraying with a growth regulator at a concentration of (10 mg L") also outperformed,
recording the highest average dry weight of the root system, amounting to (5.637 g),
compared to the rest of the control treatments, which gave the lowest average dry
weight of the root system, amounting to (4.207 g). The statistical analysis in Table (7)
also showed that the Rangpur rootstock outperformed the other rootstocks, as it gave
the highest average dry weight of the root system, amounting to (5.807 g), compared
to the Macrophylla rootstock, which gave the lowest average dry weight, amounting to
(3.878 g). As for the two-way interaction between humic acid and the growth regulator
(CPPU), it was observed that the treatment (humic acid at 6 g L' + CPPU at 10 mg L-
1 achieved the highest interaction, with a average of (6.554 g ), compared to the control
treatment, which recorded the lowest interaction average of (3.602 g ).The results also
indicated that the two-way interaction between the rootstock and humic acid (Rangpur
rootstock + humic acid at 6 g L) recorded the highest interaction average of (6.999 g),
while it was observed that the Macrophylla rootstock with humic acid at (0 g L)
recorded the lowest interaction average of (3.324 g). The results of the statistical
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analysis in Table( 7) also indicated that the two-way interaction between the rootstock
and the growth regulator CPPU significantly affected the root system,as the treatment
with the growth regulator at a concentration (10 mg L!) with the Rangpur rootstock
recorded the highest interaction of (7.146 g), while the Macrophylla rootstock with the
growth regulator at a concentration (0 mg L) recorded the lowest interaction of (3.479
g).

The results in Table (7) showed that the triple interaction treatment (Rangpur
rootstock + humic acid at 6 g L'! + CPPU at 10 mg L) achieved the highest average
of (A,°+Yg), while the triple interaction treatment (Macrophylla rootstock + humic acid
at 0 g L' + CPPU at 0 mg L) recorded the lowest average of ( Y,3A+g).

Table (7): Effect of humic acid, growth regulator CPPU, rootstock and their
interactions on the dry weight of the root system (g).

Humic CPPU (mg L") oS
Rootstock O (E LY x
0 5 10 Humic acid
0 §YYY § VA £ YAY £ T
Sour orange 3 §,0VV 0, &M °,1Y . o,v.1
6 oY o,VY. 0 o,AEY
0 y,04Yy ¢ ,0AY ©,Y4%. ¢, ¢0V
Rangpur 3 £,y 0,0V V,VeY 0,41¢
6 o,YV. VXYY ALY 1,444
0 Y,qA. Y,eov Y,0¢. Y,YYe
Macrophylla 3 ¥, YAY £, VAV £, Y,AAY
6 &,V\VYY ¢,ovY ¢,07. &,8VY
L.S.D .05 YTeY Y)Y
Humic acid x CPPU Average
(Humic acid)
0 ¥,0eY £,YVY £,001 €YY
3 &IYA o, A o,A0) 0,14
6 £ AN o,AYA4 1,00¢ o,Yoo
L.S.D ¢.05 oYV Y IV
Rootstock x CPPU Average
(Rootstock)
Sour orange §,10. o,YY. °,114 o,
Rangpur £,69Y o,YAY v,y e O,AY
Macrophylla v,eva £,00A ¢,V ¥,AYA
L.S.D ¢.05 GYVY AR AN
Average (CPPU) £,V | o,.0v o, Yy
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‘ L.S.D ¢.05 ‘ IV E ‘ |

The results in Tables (1-7) demonstrated the superiority of the humic acid soil
treatment, as it recorded the highest values in all studied traits, especially at high
concentrations (6 g L!). These results may be attributed to the following reasons:
Humic acid improves the chemical and physical properties of the soil, thereby
increasing soil fertility, increasing the permeability of cell membranes, and releasing
nutrients ready for absorption by plant roots and their transfer to other plant parts, thus
positively impacting increased vegetative growth [24, 23]. Furthermore, humic acid
treatment provides many nutrients, acting as a reservoir of nutrients. One of these is
nitrogen, which plays an important role in increasing cell division. Furthermore, it
improves the cation exchange capacity, reduces pH, and increases the availability of
nutrients, thus facilitating their absorption by the plant, which positively impacts
vegetative growth [25]. The accumulation of nutrients resulting from photosynthesis
increases vegetative growth and the formation of a strong vegetative mass. Humic acid
plays a similar role to auxins in cell division, as does the presence of amino acids
important in the formation of proteins that are affected by enzymes. Consequently, all
these positive effects lead to increased growth of vegetative traits [26]. These results
are consistent with those reached by [27,28]. in their study of the effect of humic acid
on citrus fruits. As we can see from the results in Tables (1-7), the superiority of
spraying with the growth regulator CPPU, especially at high concentrations (10 mg L-
1), resulted in the highest rates in all studied traits. The positive effect of spraying with
the growth regulator CPPU may be due to the growth regulator's role in regulating plant
growth and development and stimulating lateral bud growth by breaking the apical
dominance induced by auxin [29]. In addition to its role in increasing cell division in
the apical meristems [30]. the growth regulator CPPU also activates the activity of the
enzyme Protochlorophyllide reductase (NADPH) and stimulates the development of
chloroplasts, which is reflected in the increase in carbon metabolism and the
accumulation of nutrients, which is positively reflected in the increase in the number
of branches, the increase in the diameter of the stem, the height of the plant, the number
of leaves, and the increase in the dry weight of the vegetative system and the root
system. As for the increase in the leaf area, it may be due to the effect of the growth
regulator CPPU by stimulating cell division, which increases the leaf area exposed to
light, which leads to an increase in the process of photosynthesis and the accumulation
of nutrients that cause an increase in the height of the plant and an increase in the
diameter of the stem, the number of branches, the number of leaves, the dry weight of
the vegetative system, and the dry weight of the root system [31].The results in tables
(2-7) showed that the Rangpur rootstock was superior in all vegetative characteristics
except plant height compared to the rest of the rootstocks. This may be due to genetic
variation among the rootstocks, the influence of environmental conditions, and the
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difference in the strength of growth and physiological condition of the rootstocks. This
study is consistent with the findings of [32]. in a study conducted on three rootstocks
of citrus fruits, stromelia, Volkameriana and sour Orange. This study is also consistent
with the findings of [33]. in a study on the Rangpur rootstock.

Based out of our results we see that which in fact did very well was the use of humic
acid at 6 g L-1 and CPPU at 10 mg L1 which did great for the vegetative growth of
citrus seedlings. Also, we saw that Rangpur rootstock did outperform Macrophylla and
Sour Orange in most of the indicators. The best performance was seen in the
combination of Rangpur rootstock with the highest doses of humic acid and CPPU
which had the greatest results in terms of plant height, leaf number, and biomass. Also,
what we see is a very strong interactive between the soil and foliar applications which
did an excellent job at improving growth. These results put forth that which integrated
approaches may be what we use to best improve seedling development in citrus
nurseries.
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