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Background: Drought represents a significant global threat, affecting agricultural pro-
ductivity and leading to water shortages. Nitrogen (N) and phosphorus (P) are essential
macronutrients that promote plant growth and enhance tolerance to drought. Swietenia
mahagoni (L) Jacq. (mahogany), is a high-quality timber species recognized for its exten-
sive commercial and pharmaceutical applications. The present study aims to study the
effect of fertilization by different forms of N and P on the growth and drought tolerance of
mahogany seedlings.

Results: The application of three levels of soil water regime (100%, 75%, and 50%, field
capacity [FC]) on mahogany seedlings, with different combinations of N fertilizers (am-
monium sulfate [AS], ammonium nitrate [AN], and urea [UR]) and P (phosphoric acid [PA],
superphosphate [SP], and triple superphosphate [TS]) in two seasons, indicating that the
water regimes and all the combinations of N and P forms significantly increased mahoga-
ny growth (number of leaves, root length, stem height, the fresh and dry weights of shoots,
roots, stem, and leaves), water use efficiency (WUE), and N and P leaves content. The high-
est values were obtained from irrigation with 100% FC, while the lowest was from 50% FC.
All combinations of N and P significantly enhance all growth parameters compared to the
control. Furthermore, AS, PA, and AS-PA had significantly the highest values of all studied
characteristics. While AN, SP. and AN-TS had the lowest values. The interaction between
different water regimes and different N and P combinations had a highly significant (p <
0.001) effect on WUE, root length, leaves dry weight, and N leaf content in both growing
seasons. While fresh and dry weights of stem and shoots were significant at p < 0.05 in the
second growing season.

Conclusions: Drought stress had a negative impact on all vegetative characteristics,
WUE, and N and P leaves content of mahogany seedlings. All the combinations of N and
P significantly improved growth characteristics under drought conditions, but the most
effective treatments were AS, PA, and AS-TS. The present study is very important in that
it provides critical insights for enhancing drought adaptation, reducing water usage, and
enhancing plant growth characteristics.

Keywords: drought, field capacity, mahogany, nitrogen, phosphorus nutrients, water
stress

These include developing novel types that can withstand
harsh temperatures and water shortages, as well as generat-

Water resources are one of the century’s very important  ing nutrients that increase plant tolerance to any severe en-
economic and social problems (Abd Ellah 2020). Water ~ vironmental conditions (Ghazi et al. 2023). Drought stress
scarcity and climate change in many arid and semiarid is the most serious abiotic threat to plant development and
countries have agricultural scientists working hard to de-  productivity around the world, particularly in arid and
velop practical solutions to the country’s economic issues.  semiarid environments (Ahmad et al. 2015), and any mod-
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ifications in water irrigation levels could reduce crop pro-
duction (Kang et al. 2024).

Egypt will face significant obstacles and limitations in its
water resources due to its fixed supply of Nile water. In 2019,
Egypt’s annual resource-to-needs imbalance was around
21 x 10°. Additionally, it is anticipated that 34 x 10" m’ of
water will be required to ensure food security through vir-
tual water supplies; by 2050, this disparity will increase
even more, prompting institutions at all levels to heavily
rely on non-traditional water sources (Elkholy 2021).

Water was essential for the germination process, cell di-
vision and enlargement, metabolic activity, and other vital
processes (da Silva et al. 2013). Fertilizer and irrigation are
two of the majority of important factors determining tree
enlargement. Even fertilized soil may face nutritional defi-
ciencies due to a lack amount of moisture (da Silva et al.
2011). Drought conditions have an impact on the mobility
and loss of both nitrogen (N) and phosphorus (P) nutrients
and their availability for plants (Homyak et al. 2017).

Concerning soil types in Egypt, P supply is recognized as
one of the greatest critical growth factors for developing
plants. Because P quickly turns to an unsolved state for
plant absorption due to its reactivity with soil mineral com-
ponents (Dawa et al. 2007). Cultivated soils require a con-
siderably large amount of P fertilizers to fulfill plant sup-
plies (Khan et al. 2023). The majority of Egypt’s soils are
alkaline, with a pH of 7 to 9 (El-Ramady et al. 2019). Alka-
line soils are deficient in both N and P and as a result, the
production of plants in these soils is significantly lower
than usual (Adnan et al. 2018). The high soil pH (8-9) low-
ers P movement and diffusion, making P less available to
plants (Sardans et al. 2004). Plants’ ability to uptake P is
much related to soil pH, with the largest solubility and
availability of P at pH 6.5 and lowering as the pH rises into
the alkaline range due to the development of low-solvent
calcium phosphate components (Hopkins and Ellsworth
2005).

In Egypt, superphosphate (SP) nutrition has been the
primary source of phosphate fertilizer for agriculture.
However, new methods have lately emerged, such as phos-
phoric acid (PA), which is routinely supplied directly via
the water during the irrigation process, particularly in al-
kaline and calcareous soils (Akhtar et al. 2016). SP is 90%
dissolved in water, but because of its low P content, it is not
widely applied. To increase the P concentration of SP, triple
superphosphate (TS), or concentrated SP, is created by re-
acting rock phosphates with PA (Marschner 1995). Fur-
thermore, a widely-applied phosphate fertilizer is TS (Ros-
en et al. 2014). PA represents a liquid fertilizer that was
used to give phosphatic fertilizers (Quader 2010). The use
of liquid P fertilizers with soil acidification could not only
increase crop yield in salt-affected soils but also improve
them by minimizing their pH (Hussain et al. 2011).

N and P could help plant tolerance to shortages of water
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by improving the functions of the photosynthetic system
and antioxidant enzymes (Gelaw et al. 2023). The unavail-
ability of P in the soil is the greatest challenge for crop pro-
ductivity, especially after plants suffer from abiotic stresses
such as drought (Khan et al. 2023). P is a vital part of nu-
cleic acids, phospholipids, high-energy phosphate bond
complexes, and numerous coenzymes (Wyngaard et al.
2016). Also, P is a basic component of the cellular function
of plants and helps various vital processes in the plant, in-
cluding early root and seedling growth, seed formation,
standardized maturity and quality, winter hardiness, and
water use efficiency (WUE) (Taiz et al. 2015). P is a vital
part of ATP, the molecule that supplies energy to the plant
for feeding transfers, absorption of nutrients, and respira-
tion. It improves the quality of the crop, encourages early
maturation, and enhances the resistance to diseases (Khan
et al. 2014).

Plants include N in proteins, enzymes, nucleic acids,
amino acid sequences, chlorophyll, and other important
chemicals. As a result, N plays an important role in plant
development and growth, including cell division, photo-
synthesis, and energy transmission. Nutritional combina-
tions are sometimes more effective than individual nutri-
ents, and interactions can be helpful or toxic (Khan et al.
2014). In Egypt, the most chemical N forms as commercial
fertilizers are ammonium nitrate (AN), urea (UR), and
ammonium sulfate (AS). Those three types of chemical N
fertilizer forms are increasing plant growth and productiv-
ity due to their quick and easy availability to the root plant
system (Metwaly 2018).

Swietenia mahagoni (L.) Jacq. belonged to the Meliaceae
family and has commercial and medicinal importance
(Divya et al. 2012). It is known as American mahogany, na-
tive to the southeastern United States. It is an afforestation
plant, that needs 25 years to mature, a mature tree can be
15 to 20 m high on average, and a maximum of 25 m high
(Orwa et al. 2009). Some common names for mahoganies
are Spanish, Cuban, Small-leaved, and West Indian ma-
hoganies (Gilman and Watson 2019). It is a large semi-ev-
ergreen wood tree with a rounded canopy endemic to South
Florida, the Bahamas, and the western Caribbean. It is a
sturdy, fast-growing tree with dense wood. It is highly re-
sistant to wind damage and serves well as a shade or road
tree (Sukardiman and Ervina 2020). Additionally, it has a
fantastic canopy structure, making it a great ornamental
landscape tree. Spanish mahogany is used in shipbuilding
and furniture manufacturing, it is used commonly for
high-quality furniture, joinery, musical instruments, etc. It
is very expensive due to its timber quality, color, stiffness,
and durability. It is used in many developing countries with
natural diversity resources (Sukardiman and Ervina 2020).

It is used also for a medical purpose providing vitamins
and iron (Hossain 2015). Seeds oil was used as a pesticide,
while seeds were used as an antidiabetic factor that reduces
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blood glucose levels (Sukardiman and Ervina 2020) and
gestational diabetes mellitus (Khotimah et al. 2024). The
bark of the Spanish mahogany tree is an astringent that is
used to treat diarrhea, as a source of iron and vitamins,
and to cause bleeding. In the event of tuberculosis, the bark
can be used to clear blood, improve appetite, and recover
vigor (Hossain 2015). It is used to treat fever, anemia, hy-
pertension, dysentery, amoebiasis, chest pains, malaria,
cancer, depurative, and intestinal parasitism (Maiti et al.
2007). The leaf soup is used to treat nervous problems, the
seed infusion to treat chest pain, and a leaf or root poultice
to treat bleeding (Divya et al. 2012). In addition, studies in-
dicated that its seed extract has antidiabetic, antibacterial
activities, anti-oxidative and anti-hyperlipidemia activities
(Sahgal et al. 2009), also, anti-fungal activity (Sahgal et al.
2011), anti-tumor activity (Ghosh et al. 2009), and its leaf
extract has anti-ulcer activity (Al-Radahe et al. 2013). Its
seed and bark are used for curing Psoriasis, Diabetes, and
Diarrhea, and also is used as an antiseptic in cuts and
wounds (Haldar et al. 2011).

The present study aims to study the effect of fertilization
with different forms of N and P sources on the growth and
drought tolerance of mahogany seedlings to obtain their
highest growth using the lowest available water resources.

Preparation of experiment
The experiment occurred in the natural conditions of

Gemmeiza Agricultural Research Station, in the Middle of
the Nile Delta, Egypt (Lat. 30.97 N and Long. 30.97 E),
through the two seasons (2022-2023) and (2023-2024).
Timber seedlings of mahogany trees were used. Its seed-
lings with 11-13 leaves and 35-40 cm height were bought
from the Timber Trees and Forestry Research Department
nursery, Horticulture Research Institute, and Agricultural
Research Center. In half of May, seedlings were cultivated
in natural environmental conditions (Table S1), transferred
at the age of about one year, and uniform seedlings (select-
ed based on height, stem diameter, and number of leaves)
were transplanted individually in black plastic bags (a
depth of 45 cm and a diameter of 18 cm) filled with a mix-
ture of 9.0 kg air-dried soil as soil and sand at a 3:1 ratio.
The experimental soil was analyzed, and its physical and
chemical characteristics are found in Table S2 according to
the standard procedures of Jackson (2005).

Experimental design and treatments
A split-split-plot design experiment was used to investi-

gate the impact of N and P nutrition on seedlings of Ma-
hogany growth under drought conditions. The main plot
involved three irrigation regime factors (100% control,
75%, and 50% field capacity [FC]), and a mixture of both N
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(UR, AN, and AS) and P (SP, PA, TS) nutrition forms were
represented sub-plots, while the means of N and P forms
were represented sub-sub-plots, and the plots were distrib-
uted in a completely randomized design with three replica-
tions; each replicate involved ninety seedlings and thirty
applications (Table S3). Recommended nutrition rates of N
and P were applied as chemical fertilizer forms.

Water regime treatments
Before the beginning of the experiment, the gravimetric

method was used to estimate the soil water content accord-
ing to the standard procedures of Reynolds (1970), and ir-
rigation level applications were performed by weighting
plastic bags every 3 days and adding the required amount
of water in the whole period of the study to obtain the per-
centage of FC to every application. The irrigation rates are
expressed as 100% (3.5 L, well), 75% (2.62 L, mild), and
50% (1.75 L, severe) FC. These three forms of irrigation re-
gime were applied in the half of July in both seasons and
by using tap water in the irrigation of seedlings, according
to the standard procedures of Jackson (1973). Chemical
analysis of irrigation tap water is represented in Table S4.

Nutrition treatments
Three P forms (PA, SP, and TS) were applied once as a

basal dose before the cultivation process, while PA was add-
ed once with irrigation water after one month of the culti-
vation process at a rate of 2.6 g of P,O,, TS (46%) = 5.65 g,
SP (12.5%) = 20.8 g, and PA (H,PO, 55.33%) contained den-
sity (1.596 g/cm’) and P,0,% (40.05 w/w) = 41 cm L (PA).
Also, three N forms (AS, AN, and UR) were applied in
three split doses through the half of July, August, and Sep-
tember at a rate of 2 g of N as AN (33.5%) = 6 g, UR (46%) =
4.3 g, AS (20.2%) = 9.6 g, and untreated plants as control.
Until the irrigation regime started, all cultivated seedlings
were irrigated regularly, and the study was continued for
one year in both seasons.

Vegetative growth measurements
At the end of the experimental study, vegetative growth

features (stem height (cm), length of the main root (cm),
number of leaves, fresh and dry weights of shoots, roots,
stems, and leaves (g)) were determined. The fresh weight of
each shoot, root, stem, and leaf was determined by weigh-
ing each part individually (g). Fractions of the whole fresh
plant were air-dried and oven-dried at 70°C till a steady
weight, then the dry weight of each part (roots, stems, and
leaves) was recorded.

WUE was determined according to Bacon (2009) using
the formula:

WUE = Total biomass (g) / Water consumption (L)

Where the total biomass of seedlings is equal to the total
fresh weight of their roots, stem, and leaves at the end. Wa-
ter quantities supplied were estimated by calculating the
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total amounts of irrigation water provided to seedlings at
different irrigation levels (FC) throughout the growing sea-
son.

N and P content of leaves
For the estimation of N and P contents in leaves, the

samples of fresh leaves were taken, washed with tap and
distilled water, dried at 80°C, milled, and subsequently di-
gested with concentrated H,SO, and H,0,. N% were esti-
mated using the micro-Kjeldahl method (Liang and MacK-
enzie 1994). The total P content was estimated by using the
molybdate-blue colorimetric method as mentioned by Kit-
son and Mellon (1944).

Statistical analysis
After the end of the research, the collected data were

subjected to the statistical analysis of variance (ANOVA)
by using the CO-STAT computer package program to test
the significance difference. Duncan’s test at 5% probability
was used to compare the differences among treatment
means (Stern 1991). Two-way ANOVA was applied to indi-
cate the significance of the interaction between different
drought conditions and different P and N fertilizer sourc-
es.

Influencing of water regime
The results in Table 1 indicated that drought condition

levels significantly negatively influenced the seedlings,
leading to a decrease in the number of leaves, stem height,
and fresh and dry weights of leaves. The highest data were
observed in seedlings irrigated at 100% FC, with stem
height (98.50 and 98.65 cm), leave number (48.00) leaves
fresh (58.77 and 59.34 g), and dry weights (40.47 and 41.06
g) in both seasons, respectively.

Also, It is noticed that, by increasing levels of water defi-
cit, fresh and dry weights of stem and shoot were signifi-
cantly decreased, as the smallest value was obtained from
50% FC; declined by 14.4% and 18.23%, respectively in the
first season and by 14.3% and 16.4%, respectively in the
second season (Table 2). Fresh weight of shoots declined by
16.74% and 16.41% in the first and second seasons, respec-
tively and dry weights declined by 22.4% and 21.6% in the
first and second seasons, respectively. While the highest
values were obtained from 100% FC.

In addition, drought stress had a significantly negative
impact on fresh and dry weights of roots (Table 3). The
highest results were obtained at 100% FC. On the other
hand, the lowest values were noticed at 50% FC, which de-
clined by 9.72% and 16.8%, respectively compared with
control in the 1st season, and 9.53% and 15.93%, respec-
tively in the 2nd season. While root length was increased
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by 12.6 % at 50% FC compared to control. Plant WUE had
the highest values at 50% FC, it was increased by 41.1% and
41.3% in the first and second growing seasons, respectively.

Influence of N and P nutrition
All nutrition with N and P forms had a positive influ-

ence and increased all studied traits (stem height, number
of leaves, fresh and dry weights of shoots, roots, stems, and
leaves, N and P content in the leaves, root length, and
WUE) compared to the control. There are significant vari-
ations among the diversity of nutrition with N and P
forms. The nutrition with AS-PA had significantly the
highest value of mahogany seedling traits (Table 1). The
nutrition with AS-PA increased leaves number by 30.9%
and 35.7%, stem height by 27.0% and 29.2%, fresh weight of
leaves by 44.17% and 46.96%, and dry weight of leaves by
61.63% and 61.55%, in the first and second season, respec-
tively compared with control.

Also, AS-PA nutrition enhances the fresh weight of the
stem by 35.93% and 37.84%, stem dry weight by 44.4% and
47.34%, shoot fresh weight by 39.22% and 41.5%, shoot dry
weight by 50.8% and 52.64% in the first and second sea-
sons, respectively compared with control (Table 2). Fur-
thermore, it enhanced the root fresh weight by 35.3% and
39.25%, root dry weight by 46.5% and 51.9%, root length
by 39.23% and 42.55%, and WUE by 39.03% and 41.75% in
the first and second season, respectively compared with
control (Table 3). The highest value of AS-PA treatment
was obtained at 100% FC except for root length, while the
lowest values of all studied characteristics were obtained at
50% FC in the first and second seasons.

In addition, N and P contents of leaves significantly in-
creased by the nutrition of different combinations of N and
P fertilizers under water stress (Table 4). The combination
of AS-PA led to the enhancement of leaves N content by
27.5% and 35.16% and leaves P content by 51.4% and 57.58%
in the first and second seasons, respectively. The highest
value of AS-PA was obtained at 100% FC, while the lowest
values of them were obtained at 50% FC in the first and
second seasons. The interactions between different water
regimes and different fertilizer combinations had a highly
significant (p < 0.001) effect on the N and P contents of
leaves (Table 4).

By comparing the effect of the mean fertilization with N
forms, AS fertilizer had significantly the highest value of
all studied characteristics, while the lowest was obtained
from AN fertilizer in the first and second seasons (Figs.
1-4) with the highest value at 100% FC and the lowest val-
ue at 50% FC. While the mean fertilization with P forms,
PA had significantly the highest value of all studied char-
acteristics, while the lowest values were obtained from SP
in the first and second seasons, with the highest value at
100% FC and the lowest value at 50% FC.
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Different vegetative characteristics of Swietenia mahagoni(L.) Jacq. as influenced by N and P forms under different water regimes

Drought
Nutritious 100% FC
Leaves number
Control 40.00 '™
UR-SP 46.00 8h
UR-TS 47.00 feni
UR-PA 55.00
AN-SP 42.00 M
AN-TS 44.00 i
AN-PA 53.00 b
AS-SP 49.00 defg
AS-TS 51.00 cde
AS-PA 57.002
Mean 48.00 @

Fwater regimes x fertilizers = 8.62930™
Stem height (cm)

Control 82.65
UR-SP 95.19 i
UR-TS 97.14 f&h
UR-PA 108.20 "
AN-SP 90.13 Imn
AN-TS 93.53 ik
AN-PA 104.10 ¢
AS-SP 100.30 de
AS-TS 102.47 <
AS-PA 111.28 2
Mean 98.50 @

Fwater regimes x fertilizers = 0.3278721"

Leaves fresh weight (g plant™)

Control 41.21 nop
UR-SP 55.97
UR-TS 58.38
UR-PA 67.23
AN-SP 52.20 8"
AN-TS 53.88 fahi
AN-PA 64.53 bc
AS-SP 61.47 <
AS-TS 62.53 ¢

AS-PA 70332

Mean 58.77 @

F\vatcr regimes x fertilizers = 0.1705327"

Leaves dry weight (g plant”)

Control 22.91 nop
UR-SP 37.67 ©#
UR-TS 40.08 de
UR-PA 48.93 @
AN-SP 33.90 8hi
AN-TS 35.58 e
AN-PA 46.23 be
AS-SP 4317
AS-TS 4423 ¢

AS-PA 52.03 °

Means 40.47 @

1st season
75% FC 50% FC
38.00 mno 35.00°
44,00 ik 41.00 Km
45.00 hi 42.00 M
53.00"¢ 50.00 cdef
40.00 '™ 37.00 "
42.00 M 39.00 'mn
51.00 <de 48.00 efsh
47.00 f8hi 44,00 ik
49.00 8 46.00
55.00 52.00 bed
46.00° 43.00 ©
79.06 % 70.48 ¢
90.96 Km 82.86
93.48 'k 85.16 14
103.94 © 98.67
86.40 o 78.211
88.84 mno 81.67 "
100.52 de 92.61
96.12 87.90 nop
98.48 s 90.27 'mn
107.22° 99.73 def
94.50" 86.76 ¢
37.63° 29.3049
50.17 ik 44.67 ™
51.91 hi 46.33 Km
61.20 55.83 «fsh
46.07 '™ 40.17 °p
47.99 Km 42.13 ™
57.93 de 52.70 fehii
55.33 efsh 49.03
56.20 ¢ 50.20 ik
64.97 b¢ 58.40 de
52.94" 46.88 ©
19.33°p 11.00 9
31.87 1k 26.37 ™
33.61 M 28.03 Km
42,90 « 37.53 efgh
27.77'm 21.87 o
29.69 Km 23.83 mo
39.63 d 34.40 fehi
37.03 efeh 30.73 M
37.90 ¢ 31.90 'k
46.67 b¢ 40.10 de
34.64" 28.58 ¢

Fwater regimes x fertilizers = 0.1705327"

Means with the same letter are insignificantly at 5% according to Duncan’s test.

Mean

38.00'°
44.00f
45.00f
53.00°
40.00 "
42.00¢
51.00¢
47.00 ©
49.00 ¢
55.00°

77.407
89.678
91.93f
103.60°
84.911
88.01"
99.08°¢
94.77¢
97.07 ¢
106.07 °

36.058
50.27 ¢
52.21¢
61.42°
46.15f
48.00
58.39¢
55.284
56.314
64.57 *

17.758
31.97¢
33.91¢
43.12°
27.85°
29.70°
40.09 ©
36.981¢
38.014
46.27 2

2nd season
100% FC 75% FC 50% FC
38.00° 37.00° 34.00°
46.00 " 45.00 41.00 mn
47.00 8" 46.00 " 42.00 '™
56.002 54.00b¢ 51.00 %
43.004m 41.00 ™ 38.00°
44.00K 42.00 '™ 39.00
54.00b¢ 52.00 < 49.00 ©
50.00 df 48.00 ‘& 45.00
51.00 % 49.00 © 46.00"i
56.0042 57.00? 54.00b¢
48.00 @ 47.00° 44.00 ©

Fwater regimes x fertilizers = 0.4458509™

80.27 ™ 78.60"
96.008 92.37"
96.83 % 93.10"
108.80° 104.80¢
91.03 M 87.90 &
93.23" 89.07
105.70¢ 101.614
100.87 ¢ 97.18%
101.80¢ 98.55
112.00° 108.37°
98.65? 95.15°

Fwaler regimes x fertilizers = 0.8363272"

40.18 " 36.33°
56.39 M 51.47m
58.68 ¢’ 52.23km
68.20° 62.05¢
53.21M 47.44°
54.50 7 48.53 "
65.30¢ 59.18¢
62.124 56.79 &"
63.53 57.20
71.29° 65.15¢
59.34° 53.64°

Fwa(cr regimes x fertilizers = 0.7736148™

21.217 18.29°¢
38.22¢ 33.06*
40.59f 34.12)
49.52° 44.01¢
34.93 0 29.04 "
36.26 " 30.40 ™
47.18¢ 40.771
44.14¢ 38.13¢
45.214 39.18¢
53.37°? 47.92°¢
41.06° 35.49°

Fwaler regimes x fertilizers = 47432288*

68.11°
84.45!
85.57!
99.98
78.90"
81.82m
93.22h
88.88
90.411
100.22 d
87.16 ¢

27.68"
45.37°
46.61°
56.90¢"
4139«
43.324
54.15 ¥k
50.27 ™
51.25m
60.00°¢
47.69°¢

15.30"
27.30°
28.29
38.26¢
22.474
24.03°
35.33 M
3136
32.17
41171
29.57¢

Mean

36.00 ¢
44.00 ©
45.00 ©
54.00°
41.00f
42.00°
52.00¢
48.001
49.00
56.00 °

75.66
90.94f
91.83f
104.53°
85.94h
88.04#
100.17°¢
95.64 ©
96.92 ¢
106.86°

34.731
51.08f
52.51¢
62.38°
47.35"N
48.78 8
59.55¢
56.374
57.334
65.48°

18.261
32.868
34.33f
43.93"
28.81"
30.23 1
41.09¢
37.87°¢
38.854
47.49 ®

N: nitrogen; P: phosphorus; AN: ammonium nitrate; UR: urea; AS: ammonium sulfate; TS: triple superphosphate; SP: single superphosphate; PA:
hosphoric acid; FC: field capacity.
significant at p < 0.001 and ns = insignificant at p > 0.05.
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Different vegetative characteristics of Swietenia mahagoni(L.) Jacq. as influenced by N and P forms under different water regimes

Drought
Nutrition

Stem fresh weight (g plant”)

Control
UR-SP
UR-TS
UR-PA
AN-SP
AN-TS
AN-PA
AS-SP
AS-TS
AS-PA
Mean

100% FC

68.00 °°
83.33 1
87.33 &
99.67 ©
76.77 m
80.50
95.93 «
90.62
93.19 de
103.08 2
87.84°

Fwater regimes x fertilizers = 0.2804423™
Stem dry weight (g plant™)

Control
UR-SP
UR-TS
UR-PA
AN-SP
AN-TS
AN-PA
AS-SP
AS-TS
AS-PA
Total mean

49.50 o
64.83 7
68.83 &
81.17°
58.27'm
62.00
77.43 «
72.02¢
74.69 ®
84.58*
69.34 ¢

Fwater regimes x fertilizers = 0.2804423"

Shoot fresh weight (g plant?)

Control
UR-SP
UR-TS
UR-PA
AN-SP
AN-TS
AN-PA
AS-SP
AS-TS
AS-PA
Mean

109.21 4
139.30 "
145.718
166.90°
128.97 ™
134.38 i
160.47 <
152.09 ¢
155.72
173.412
146.62 °

F\vatcr regimes x fertilizers = 0.3523157"
Shoot dry weight (g plant™)

Control
UR-SP
UR-TS
UR-PA
AN-SP
AN-TS
AN-PA
AS-SP
AS-TS
AS-PA
Mean

72419
102.50 "
108.91 8
130.10°

92.17m

97.58 1k
123.67 <
11529 ¢
118.92 ¢
136.61°
109.82 °

1st season
75% FC 50% FC
63.324 55.07
77.65¥ 71.12 10
80.95 i 73.72 ™
93.14 de 86.84 8
70.89 " 64.94 ra
74.55m 67.38°
89.62 84.72 M
83.90 i 77.82 4
86.64 8" 80.78 I
98.26 "¢ 89.60
81.89° 75.20¢
44.82 9 36.57"
59.15M4 52.62 ™
62.45 I 55.22 mn
74.64 d 68.34 8hi
52.39 46.44 ra
56.05 '™ 48.88 P
71.12¢8 66.22 N
65.40 Mi 59.324
68.14 8hi 62.28 I
79.76 b¢ 71.10 8
63.39°" 56.70 ¢
100.95 " 84.37 ¢
127.81m 115.79°
132.87 120.05 °p
154.34 ¢ 142.67 &
116.95° 105.11 o
122.54 109.51 ¢
147.56 ' 137.42 hi
139.23 M 126.85 ™
142.84 8" 130.98 km
163.22 b 148.00 8
134.83°" 122.08 ©
64.15" 47.57 ¢
91.01 '™ 78.99°
96.07 M 83.25
117.54 ¢ 105.87 8
80.15° 68.31 %
85.74 72.714
110.76 ' 100.62 hi
102.43 M 90.05 mn
106.04 & 94,18 km
126.42 b 111.20 "%
98.03" 85.28 ¢

Fwater regimes x fertilizers = 0.3523157"

Means with the same letter are insignificantly at 5% according to Duncan’s test.

Mean

62.13 7
77.378
80.67
93.21°
70.871
74140
90.09 ©
84.11¢
86.87 4
96.98 °

43.637
58.87 ¢
6217
74.71°
52.37"
55.64 "
71.59¢
65.61 ¢
68.37 ¢
78.48 @

98.181
127.64 8
132.88f
154.64°
117.01°7
122.14°
148.48 ©
139.39°¢
143.18 ¢
161.54°

61.381
90.84 8
96.08f
117.84°
80.211
85.34h
111.68 ¢
102.59 ¢
106.38 ¢
124.74 2

2nd season
100% FC 75% FC 50% FC
67.14°p 62.2249 53.18"
84.371 79.15H4 72.07"
86.14 ¢ 82.021 73.99m
99.83° 94.154 87.40¢8
78.36 72.09" 65.77°
80.63 ik 74.22m™ 68.47 °©
96.51¢ 90.17f 85.29h
92.20¢ 85.04N 79.20M4
93.71¢d 87.208 81.571
104.10° 99.21b 90.30"
88.30° 82.55P 75.72¢

Fwater regimes x fertilizers = 1 8959957*

48.18° 43.524
66.11" 61.18
69.158 62.821
82.55° 75.55¢
59.43! 54.11n
62.311k 56.73 ™
78.301 72.50°
73.62f 66.92"
75.12¢ 68.808
85.29° 81.25¢
70.00° 64.34°

Fwaler regimes x fertilizers = 2.439583 7**

107.327 98.55°
140.76 130.62'm
144.818 134.26
168.03° 156.20%
131.57 km 119.53
135.13 122.75"
161.82°¢ 149.35f
154.32°¢ 141.83 M
157.244 144.40¢
175.392 164.36 ¢
147.64 2 136.18"

Fwa(cr regimes x fertilizers = 1.4705977"

69.39° 61.81
104.33 K 94.24 ™
109.74" 96.93 !
132.06° 119.56°

94.36™ 83.15ra

98.56 ! 87.14°
125.484 113.278
117.76° 105.057
120.33¢ 107.98"
138.65° 129.18¢
111.07° 99.83"

Fwaler regimes x fertilizers = 1 9207733*

34.28"
54.20"
55.78™
69.228
48.24r
49.63 °
67.37"
61.40 &
62.617
72.73f
57.55¢

80.86"
117.44°
120.60 ™
144.308
107.16"
111.794
139.44
129.41m
132.81H
150.29 f
123.41 ¢

49.58 ¢
81.504
84.07°
107.48"
70.70°
73.67"
102.70*
92.76 "
94.77 ™
113.908
87.11¢

Mean

60.84
78.538
80.721
93.79°
72.07'1
74.44 0
90.66 ¢
85.48°¢
87.494
97.87°

42.00
60.508
62.581
75.77°
53.93"
56.22"
72.72¢
67.31¢
68.84¢
79.76°

95.57
129.618
133.22°
156.18°
119.42°
123.22h
150.20¢
141.85¢
144.824
163.35*

60.26
93.368
96.91
119.70°
82.74
86.46"
113.81¢
105.19¢
107.69¢
127.24°

N: nitrogen; P: phosphorus; AN: ammonium nitrate; UR: urea; AS: ammonium sulfate; TS: triple superphosphate; SP: single superphosphate; PA:
hosphoric acid; FC: field capacity.

significant at p < 0.05, **significant at p < 0.01 and ns = insignificant at p > 0.05.
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Different vegetative characteristics of Swietenia mahagoni(L.) Jacq. as influenced by N and P forms under different water regimes

Drought

Nutritious

Root fresh weight (g plant™)

Control
UR-SP
UR-TS
UR-PA
AN-SP
AN-TS
AN-PA
AS-SP
AS-TS
AS-PA
Total Mean

Fwater regimes x fertilizers = 0.089476"™
Root dry weight (g plant”)

Control
UR-SP
UR-TS
UR-PA
AN-SP
AN-TS
AN-PA
AS-SP
AS-TS
AS-PA
Mean

Fwater regimes x fertilizers = 0.098275"

Root length (cm)

Control
UR-SP
UR-TS
UR-PA
AN-SP
AN-TS
AN-PA
AS-SP
AS-TS
AS-PA
Mean

interaction water regimes - fertilizers

Water use efficiency (WUE)

Control
UR-SP
UR-TS
UR-PA
AN-SP
AN-TS
AN-PA
AS-SP
AS-TS
AS-PA
Mean

Fwater regimes x fertilizers = 21.2 72087*

Means with the same letter are insignificantly at 5% according to Duncan’s test.

1st season
100% FC 75% FC 50% FC
33.17 4 31.30'm 29.22 ™
39.33 cish 37.47 ehi 35.20 ik
40.27 i 38.23 fehi 36.31hi
4837 45.97 be 44.66 <
35.47 ik 33.37 K 31.10'm
37.53 & 35.24 ik 33.12°%
46.77 b 4434 < 42,15 de
42 .43 de 40.00 ©# 38.11 fehi
44,50 < 42,14 de 41.12¢
4993 @ 48.66 46.22 b
41.78 2 39.67 " 37.72¢
16.97 hi 15.10 ik 13.02
21.13 defs 19.27 f&h 17.00 hi
22.07 20.03 18.11 #h
30.17 2 27.77 26.46 b
17.27 M 15.17 ik 13.90 i
19.33 f&h 17.04 hi 14.92 ik
28.57 26.14 b 23.95 «
2423« 21.80 19.97 efeh
26.30 b 23.94 < 22.92 de
29.73 28.46 26.02 b
23.58 ¢ 21.47b 19.62 ¢
25.734 27.20%4 30.25
32.37m 34.43 tmn 37.62 i
34.11m 36.53 kim 38.99 shi
42,33 defe 4463 bede 46.92®
28.307 30.10° 32.98m
30.53 32.17m 35.39 kimn
40.66 i 42.16 dis 45.14bed
36.43 ikim 38.25 hiik 41.19 ¢
38.23 hiik 40.34 fehi 4323 cdef
41.77 defs 46.01 ac 49,12 @
35.05¢ 37.18° 40.08°
=0.1722421%
2.37¢ 294" 3.79!
2.98 3.67'm 5.03 8
3.109 3.80! 5.21°
3.59m™ 4451 6.25b
2,74 3.34 o 4541
2.86" 3.50" 4.75h
3.45m 4261 5.99 ¢
3.24° 3.98k 5.50°¢
3.34 0 411k 5.73d
3.72m 4710 6.47 2
3.14¢ 3.88" 5.332

Mean

31.231
37331
38.27 1
46.33"
33.31"
35.30¢8
44.42 «
40.18¢
42.594
48.27 °

15.03 ¢
19.13 ¢
20.07 ©
28.13°
15.448
17.10f
26.22°
21.98 ¢
24.39°¢
28.07 ®

27.73 b
34.81¢
36.54 ¢
44.63°
30.46 8
32.70f
42.65°
38.63 4
40.6 ©

45.63°

3.03
3.908
4.041
4.76"
3.541
3.71h
4.57°¢
4.24¢
4.39¢
4.972

2nd season
100% FC 75% FC 50% FC
31.48° 29.83 1 28.20"
40.38 M 38.22 i 36.31'm
41.57 ¢ 39.331 37.26H
49.40° 46.30 45.47d
37.87¢% 34.25" 32.47 op
38.40 35.83m™ 33.53™
47.13¢ 45.43d 43.30f
43.35f 41.508" 39.28'
44.63 © 42.37f% 41.63 &
50.85% 49.27° 47.25¢
42.51¢ 40.23° 38.46¢
Fwater regimes x fertilizers = 0.8212076™
15.43 pa 14.44q 1259
22.33 8" 20.301k 18.65 ™"
23.22f% 21.53M 19.43 kim
3145+ 29.16° 27.13¢
18.27 ™ 16.50 °p 14.22
19.79 17.86 ™ 15.36Pd
29.21° 27.21¢ 24.84¢
25.43 de 23.00' 21.20Mi
26.67 < 2434 23.17 %
31.23° 29.28" 27.70¢
24.30? 22.36" 20.43¢
Fuater regimes x fertilizers = 0.4143456™
24504 26.60° 29.63 °
33.25m™ 35.33 & 38.69'
34.70¢ 36.771 39.43 M
43.28¢ 45.70¢ 48.80°
29.60° 31.07" 33.93m
3093 " 32.93m™ 35.33k
41.47 % 43.24¢ 46.03 «
37.33 39.42 42.471¢
38.771 40.67 & 43.67¢
42.35 ¢ 47.23¢ 50.94¢
35.62¢ 37.90° 40.89°
interaction water regimes - fertilizers 2.0588859"
231 2.85*% 3.644
3.02v 3.75° 5.128
3.11Y 3.86° 5.26f
3.631 4.50k 6.32"
2.82% 3.42¢ 4.65]
2.89* 3.527 4.85"
3.48" 4.33! 6.09¢
3.30v¢ 4.07" 5.62¢
337! 4.15m™ 5.824
3.77° 4.751 6.58°
3.17¢ 3.92° 5.40°

Fwater regimes x fertilizers = 75.801 383*

Mean

29.84j
38.30¢
39.39°
47.04°
34.86 i
35.92"
45.29°¢
4138°¢
42,884
49.127

14.16'

20.43f
21.39¢
29.25*
16.33"
17.67¢
27.09°
23.214

24.73¢
29.412

26.91

35.768
37.00f
45.93"
31.541
33.07"
43.58¢
39.72¢
41.03¢
46.84°

2.93J
3.978
4.07f
4.82°
3.631
3.75h
4.64¢
4.33¢
4.454
5.03?

N: nitrogen; P: phosphorus; AN: ammonium nitrate; UR: urea; AS: ammonium sulfate; TS: triple superphosphate; SP: single superphosphate; PA:

hosphoric acid; FC: field capacity.

significant at p < 0.001 and ns = insignificant at p > 0.05.
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Nitrogen and phosphorous content of leaves of Swietenia mahagoni (L.) Jacq. as influenced by N and P fertilizers forms under

different water regimes

Drought 1st season 2nd season

Nutritious 100% FC 75% FC 50% FC Mean 100% FC 75% FC 50% FC Mean

Nitrogen (%)
Control 298" 2.89¢ 2.78¢ 2.881 2.11° 2.02¢ 1.91¢ 2.011
UR-SP 3.691 3.631 3.38" 3.578 2.821 2.761 251" 2.708
UR-TS 3.75h 3.701 3.46™ 3.64° 2.88h 2.831 2.59m 2.77°F
UR-PA 4.03" 3.944 3.711 3.89° 3.16° 3.074 2.841 3.02°
AN-SP 3.11° 3.06 ¢ 299 3.05° 2.24° 2.194 2,127 2.18'
AN-TS 3.621 3.55k 3.30° 3.49h 2.751 2.68k 2.43° 2.62"h
AN-PA 3.964 3.90¢ 3.611 3.82¢ 3.094 3.03¢ 2.74] 2.95¢
AS-SP 3.83f 3.77h 3.50! 3.70¢ 2.96f 2.90h 2.63! 2.83¢
AS-TS 3.91¢ 3.81f"% 3.55k 3.764 3.04¢ 2.94f 2.68k 2.89d
AS-PA 4112 3.99¢ 3.808 3.972 3.242 3.12¢ 2.93s8 3.10?
Total mean 3.70° 3.62° 3.41¢ 2.83? 2.75b 2.54¢
Finteraction water regimes - fertizers = 25.60101* Finteraction water regimes - fertizers = 25.60101"

Phosphorus (%)
Control 0.20° 0.18° 0.164 0.18J 0.16° 0.14° 0.124 0.141
UR-SP 0.29' 0.27 0.25'm 0.278 0.257 0.23 5 0.21m 0.23 8
UR-TS 0.32¢8 0.31h 0.27 0.30f 0.288" 0.27h 0.23 1k 0.26"
UR-PA 0.38% 0.36< 0.32¢8 0.35" 0.34% 0.32 0.28 & 0.31°
AN-SP 0.27 i 0.25'm 0.23n 0.251 0.23 0.27'm 0.19" 0.21!
AN-TS 0.281 0.264 0.24mn 0.26"h 0.241 0.224 0.20™ 0.22h
AN-PA 0.37"c 0.354d 0.31h 0.34¢ 0.33bc 0.31de 0.27h 0.30¢
AS-SP 0.34¢ 0.328 0.281 0.31¢ 0.30 ¢ 0.28 & 0.241 0.27¢
AS-TS 0.354d 0331 0.291 0.324 0.31de 0.29" 0.257 0.28
AS-PA 0.39? 0.37"c 0.354d 0.372 0.352 0.33 be 0.31% 0.332
Mean 0.32° 0.30" 0.27¢ 0.28° 0.26" 0.23 ¢
Finteraction water regimes - fertilizers = 1.1 Finteraction water regimes - fertilizers = 1.1

Means with the same letter are insignificant at 5% according to Duncan’s test.
AN: ammonium nitrate; UR: urea; AS: ammonium sulfate; TS: triple superphosphate; SP: single superphosphate; PA: phosphoric acid; FC: field

capacity.
*significant at p < 0.001 and ns = insignificant at p > 0.05.

Influencing of water regime
Water deficit is the main common environmental factor

that determines crop productivity. Global climate change
increases the vacillation of severe drought conditions, ad-
versely affecting the morphology, physiology, and biochem-
istry of plants (Basu et al. 2016). The threat of drought
causes morphological and physiological changes in higher
plants Ghorbani et al. (2019). Water is an important factor
in the growth and improvement of the plant; however, an
increasing or decreasing amount of water supply negatively
impacts its overproduction and survival of the plants (Kang
et al. 2024). Drought stress has been recognized as a limit-
ing element in this study, influencing numerous aspects of
vegetative and biochemical characteristics of plant growth.
In the present study, all vegetative growth (leaves number,
stem height, fresh and dry weights of root, stem shoot, and
leaves), and biochemical characteristics (N and P content
of leaves) of mahogany were negatively influenced by dif-
ferent degrees of drought stress, except for root length and
plant WUE were increased with increasing drought condi-

tions. The decline in growth characteristics in response to
reduced irrigation levels appears to be connected to a de-
crease in cell turgor, and the derogation seen in plants irri-
gated with 75% or 50% FC must be attributed to lower tur-
gor pressure induced by low soil water availability, which
involves processes such as cell division and elongation (Ri-
boldi et al. 2016). These results of seedling growth traits of
mahogany seedlings were in harmony with the findings of
Gullape et al. (2022) on soybean seedlings (Glycine max L.),
and Wang et al. (2023), on Mongolian oak (Quercus mon-
golica Fisch. ex Ledeb.) tree.

Concerning the decline in stem height, Lisar et al. (2012)
reported that a plant’s height constitutes one of the essen-
tial criteria usually used to estimate the extent of drought
stress. Drought induces the plant stem to expand slowly,
the plant stays dwarfed, and its leaf growth diminishes
(Ahmad et al. 2019). A plant’s height impacted by water
stress could be due to a hormonal imbalance between ab-
scisic acid and cytokinin hormones, which affects plant
growth by altering cell wall elongation (Ahmad et al. 2019).
Furthermore, Abdallah et al. (2019) stated that the dero-
gating in growth features could be related to a detraction
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in the activity of meristematic tissues, which contribute to
elongation during drought stress.

Concerning the decline in fresh and dry weights of
stems, leaves, and roots of the plant with decreasing soil
water. Meng et al. (2023) indicated that there was declining
in Pinus sylvestris var. mongolica plant fresh and dry weights
with increasing soil drought, and that drought stress had a
negative influence on the weights of the fresh and dry mat-
ter of leaves. Zhao et al. (2020) explained that under both
moderate (75% FC) and severe (50% FC) drought stress,
weights of the fresh and dry substances of the shoot and
aerial biomass were reduced significantly because the low-
ering in photosynthesis caused by the water deficit affected
the development of the leaves, which were unable to ex-
pand completely. The amount of photosynthetic effective
radiation intercepted by the plant dropped, which resulted
in a reduction in its height and matter buildup, leading to a

reduction in the production of the plant.

Regarding the enhancement of root length and WUE
with increasing degrees of drought stress. This finding fol-
lows El-Sayed et al. (2022), who reported that after apply-
ing three irrigation intervals (5, 7, and 9 days) on the seed-
lings of mahogany, they found that stressed seedlings had
the longest roots. Wasaya et al. (2018) indicated that field
soil moisture contents increased with soil depth; hence, an
extended root system could reach a greater soil volume to
collect available water and because roots are the sole organ
that receives water from the soil, they are the primary or-
gans that respond to perceive and keep up plant growth
under drought stress. Drought-tolerant plants achieve
greater WUE by minimizing water loss. This can occur
through the closure of their stomata when water is scarce,
as indicated by Farooq et al. (2009).

Regarding the decline in N and P leaves content with de-
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creasing soil water content; it became apparent that the
highest values of N and P were obtained in the case of
100% FC, this conclusion is consistent with the study of
Abdel-Magied et al. (2022) on Eucalyptus citriodora Hook
seedlings, that irrigation intervals at 7 days reduced the
values of N and P elements in leaves more than 2 and 5
days. Reduction in N and P content in leaves minimizes
the absorption of important nutrients during drought con-
ditions (Nohong and Nompo 2015). Soil water scarcity in-
hibits micro-organisms’ mineralization for organic matter,
which ultimately decreases N and P availability, uptake,
and transportation, affecting the utilization of nutrients by
plant roots (Wasaya et al. 2018). Moreover, drought im-
pacts the mobility of nutrients and limits the transfer of
nutrients between roots and aerial organs, thereby reduc-
ing the uptake of N and P (Suriyagoda et al. 2014).

Influence of N and P nutrition
Based on a study by Yin et al. (2009), both nutrients and

water are two of the important factors determining tree
growth, and they interact. Many studies indicate that when
trees are not water-stressed, fertilization is beneficial, and ir-
rigation can be successful when nutrients are readily avail-
able. Khan et al. (2014) indicated that nutrient combina-
tions perform better than individual nutrients. Interactions
between nutrients occur in plants when the supply of one
nutrient influences the absorption, distribution, or func-
tion of another nutrient, resulting in altered plant growth
responses. Interactions can be advantageous (synergistic)
or destructive (antagonistic).

In the present study, results revealed that all applications
with different nutrition of N and P fertilizer (UR-SP, UR-
TS, UR-PA, AN-SP, AN-TS, AN-PA, AS-SP, AS-TS, and
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AS-PA), strictly enhance all growth characteristics (root
length, stem height, number of leaves, the fresh and dry
weights of shoots, roots, stems, and leaves, WUE and N
and P contents of leaves). Our result indicated that a com-
bination of AS-PA had the highest significant effect on all
studied growth characteristics; these results were in har-
mony with the findings of Abd-Elrahman et al. (2022), on
Eggplants (Solanum melongena L.).

Regarding other N and P combinations, Abo-Alhassan
et al. (2022) indicated that treatment of Vicia faba L. plants
with a combination of UR-SP under two irrigation regimes
(well [80% FC] and severe [40% FC]), significantly enhanc-
es the dry weights of shoot, root and total plant. Li et al.
(2022) revealed that using a combination of UR-TS on
maize (Zea mays L.) under two deficit irrigation levels en-
hances plant growth. Kizilgeci (2019) indicated that the ap-

plication of a combination of AN-TS on wheat (Triticum
aestivum L.) plants under dryland conditions, significantly
enhances the stem height of the plant. Ibrahim and El-Kas-
sas (2016) indicated that fertilization with AS-SP increased
the growth (stem height, leaves number, total dry biomass)
of Vigna unguiculata L. plants under three water field ca-
pacities (50%, 75%, and 100% FC). Farrag et al. (2016) used
a combination of AS-T'S on potato (Solanum tuberosum L.)
cultivars under different irrigation levels (50, 75, and 100%
FC), they found that fertilizer improved the plant growth
(leaves number, and fresh and dry weights of the plant).
Guan et al. (2016) confirmed that usage of a combination
of AN-SP significantly enhances the growth of wheat (Trit-
icum aestivum L.) under two distinct irrigated conditions
(75 and 50% FC).

Regarding the result of mean fertilization with N forms
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(UR, AS, and AN) and P forms (TS, PA, and SP), AS and
PA fertilizers had significantly the highest value of all
studied characteristics, while the lowest was obtained from
AN and SP fertilizers. Cardoso et al. (2015), the combina-
tion of ammonium and phosphate in Mahogany creates a
considerable advantageous effect of ammonium supply for
Mahogany cultivation. Hence, ammonium availability im-
proves the utilization of phosphate fertilizer, supporting
the growth of Mahogany in the field. In contrast, the ob-
served antagonism between nitrate and phosphate uptake
represents a significant disadvantage of nitrate supply for
Mahogany cultivation. As a result, by comparing the effect
of the mean fertilization with N forms, the AS source sig-
nificantly had the highest value, while the smallest was ob-
tained from the AN source.

Ezzat et al. (2011) indicated that the better effect of AS
can be linked to the acidic component’s involvement in
lowering soil pH and facilitating nutrient absorption by
plant roots, resulting in a large increase in elemental up-
take and faster plant growth. Fageria et al. (2010), indicated
that AS caused a higher reduction in soil pH than UR. AS
fertilization contributed to around 40% of soil pH varia-
tion, while UR fertilization contributed only 26% of soil
pH variation. Nasim et al. (2012) explain that AS contains
Sulphur to meet the nutritional requirements of growing
plants and decrease the pH of the soil. Also, AS sources in-
clude Sulphur, which is a component of succinyl Co-A and
a component of chlorophyll in leaves; these components
accelerated photosynthesis, which eventually forced vege-
tative growth (Rasool et al. 2013).

Concerning other N forms; Chien et al. (2011), stated

that AS may provide some agronomic and ecological bene-
fits over UR and AN because it lacks toxicity to plants,
doesn’t lose NH; via volatilizing, increasing soil P and mi-
cronutrient availability, and lowers denitrification, which
could improve N efficiency. Because AN is not absorbed by
the soil complex, important amounts of AN can be leached
(Wang et al. 2015). Sabir et al. (2013) recorded that UR
could increase plant growth by increasing macro- and mi-
cronutrient uptake in shoots and roots.

Concerning PA source, Hussain et al. (2011) indicated
that PA contains a considerably greater amount of P avail-
able form than other solid fertilizers, so when roots absorb
this available P, enhancing uptake of macro and micronu-
trients, increasing significantly plant height and shoot bio-
mass. Mohamed (2021) revealed that PA lowers soil pH,
which may enhance the availability of minerals by making
them more soluble and available for absorption by plants,
hence increasing the production of vegetative growth. As
noted by Holloway et al. (2001), PA might be less reactive
to soil components due to the dilute solution that contains
the P ion in the soil around the fluid stream than around
the granule (SP and TS) forms. Lower absorption of P to
plant roots from granular P fertilizers in arid and semi-ar-
id soils owing to the presence of free lime, Ca, and Mg
(Hopkins and Ellsworth 2005). As a result, by comparing
the mean fertilization with P forms, the PA source signifi-
cantly had the maximum value, while the minimum was
obtained from SP.

Concerning enhancing root length and WUE by using N
and P fertilizers, Al-Taher et al. (2005) indicated that en-
hancing root length probably may be due to the effect of
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the N element on the biological processes that take place in
the plant. It’s a necessary element in the building of the
amino acid tryptophan, which is used in the formation of
auxin and later plays an important role in the elongation of
plants and increases the activation of meristem cells, in-
creasing cell division. Moreover, the growth of roots will
be increased, which causes an increase in the WUE and
minerals and then increases vegetative growth. P applica-
tion could improve plant tolerance to water stress by en-
hancing the root system and increasing plant accessibility
to a wide range of water and nutrient sources (Razaq et al.
2017). Finally, N and P could minimize the effects of drought
stress and increase plant growth by monitoring photoas-
similates through increasing membrane integrity and dec-
orating photooxidation, as proposed by Akram et al. (2014).
Furthermore, N and P appear to be involved in mitigating
drought stress by improving dry matter production, higher
WUE, and an increase in membrane integrity (Wu et al.
2018).

From our study, it was found that applying different
forms of N and P sources alleviated drought stress by in-
creasing plant growth (root length, stem height, fresh and
dry weights of the shoot, root, stem, and leaves, WUE, and
N and P content of leaves). A combination of AS-PA, AS,
and PA had the best results under drought conditions
while AN and TS had the lowest effect. The authors rec-
ommended that under drought conditions it is very useful
to fertilize the crops and trees with a combination of AS-
PA. Also, more physiological and genetic investigations are
required on the Mahogany tree in Egypt, to increase its
wood production, which means money and to fill a gap in
the Egyptian wood market.

Supplementary information accompanies this paper at
https://doi.org/10.5141/jee.24.113.

Table S1. Means of the temperature (night and day) for
the whole year during the first and second growing seasons
of Swietenia mahagoni (L.) Jacq. Table S2. Principal char-
acteristics of physical and chemical analysis of the agricul-
tural soil in both growing seasons of Swietenia mahagoni
(L.) Jacq. Table S3. Experimental design of application of
N and P fertilizers during the cultivation of Swietenia ma-
hagoni (L.) Jacq. in the field. Table S4. Chemical analysis
of the tap water for irrigation during cultivation of Swiete-
nia mahagoni (L.) Jacq.

Page 13 of 16

Abbreviations

AN: Ammonium nitrate
ANOVA: Analysis of variance
AS: Ammonium sulfate
FC: Field capacity

N: Nitrogen

P: Phosphorus

PA: Phosphoric acid

SP: Superphosphate

TS: Triple superphosphate
UR: Urea

WUE: Water use efficiency

Acknowledgements

My deep appreciation and gratitude to the staff members and em-
ployees of Timber Trees and Forestry Research Department and
Gemmeiza Agricultural Research Station for the help introduced

during this work.

Authors’ contributions

DAA, MM conception and design, acquisition, analysis, statistical
analysis, and interpretation of results. Also, drafting the article and
revising it. They approved the final version to be submitted for pub-
lication. AA, AS, ME drafted the article and revising it. They ap-

proved the final version to be submitted for publication.

Funding
Not applicable.

Availability of data and materials
Please contact the authors for data requests.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Abd-Elrahman SH, Fahim MA, Younis TM, El-Morshedy RM, Abdrabbo
MAA, Hashem FA. Appropriate ammonium-nitrate ratio improves
vegetative growth and yield of Eggplant under water stress condi-
tions. Middle East J Agric Res. 2022;11(1):89-102. https://doi.org/
10.36632/mejar/2022.11.1.9.

Abd Ellah RG. Water resources in Egypt and their challenges, Lake Nass-
er case study. Egypt J Aquat Res. 2020;46(1):1-12. https://doi.
org/10.1016/j.€jar.2020.03.001.

Abdallah MMS, El-Bassiouny HMS, AbouSeeda MA. Potential role of

kaolin or potassium sulfate as anti-transpirant on improving physio-


https://doi.org/10.5141/jee.24.113
https://doi.org/10.36632/mejar/2022.11.1.9
https://doi.org/10.36632/mejar/2022.11.1.9
https://doi.org/10.1016/j.ejar.2020.03.001
https://doi.org/10.1016/j.ejar.2020.03.001

Ahmed et al.

logical, biochemical aspects and yield of wheat plants under different
watering regimes. Bull Natl Res Cent. 2019;43:134. https://doi.org/
10.1186/s42269-019-0177-8.

Abdel-Magied HM, Mazhar AAM, Soliman DM. Vermicompost applica-
tion on the growth, chemical composition, antioxidant enzyme activ-
ity, water retention and leaf structure of Eucalyptus Citriodora Hook
seedlings under deficit water stress. J] Pharm Negat Results. 2022;
13(9):7540-57. https://doi.org/10.47750/pnr.2022.13.S09.884.

Abo-Alhassan AM, Hassanein AM, Abd El-Aziz MA, Abou-Tahoun AM.
Effect of phosphorus and potassium fertilization on drought tolerance
of broad bean (Vicia faba L.). Sci J Agric Sci. 2022;4(1):114-24.
https://doi.org/10.21608/sjas.2022.132843.1215.

Adnan M, Shah Z, Sharif M, Rahman H. Liming induces carbon dioxide
(CO,) emission in PSB inoculated alkaline soil supplemented with
different phosphorus sources. Environ Sci Pollut Res Int.
2018;25(10):9501-9. https://doi.org/10.1007/s11356-018-1255-4.

Ahmad A, Aslam Z, Ilyas MZ, Ameer H, Mahmood A, Rehan M.
Drought stress mitigation by foliar feeding of potassium and amino
acids in wheat. J Environ Agric Sci. 2019;18(1):10-8.

Ahmad Z, Waraich EA, Ahmad T, Ahmad R, Awan MI. Yield responses
of maize as influenced by supplemental foliar applied phosphorus
under drought stress. Int J Food Allied Sci. 2015;1(2):45-55. https://
doi.org/10.21620/ijfaas.2015245-55.

Akhtar M, Yaqub M, Naeem A, Ashraf M, Hernandez VE. Improving
phosphorus uptake and wheat productivity by phosphoric acid appli-
cation in alkaline calcareous soils. J Sci Food Agric. 2016;96(11):
3701-7. https://doi.org/10.1002/jsfa.7555.

Akram M, Igbal RM, Jamil M. The response of wheat (Triticum aestivum
L.) to integrating effects of drought stress and nitrogen management.
Bulg J Agric Sci. 2014;20(2):275-86.

Al-Radahe S, Abdul-Aziz Ahmed K, Salama S, Abdulla M, Amin ZA,
Al-Jassabi S, et al. Anti-ulcer activity of Swietenia mahagoni leaf ex-
tract in ethanol-induced gastric mucosal damage in rats. ] Med Plant
Res. 2013;7(16):988-97. https://doi.org/10.5897/IMPR10.409.

Al-Taher FM, Al-Refai SI, Al-Abdulla SA. Effect of different levels of
nitrogen and phosphorus fertilizers on growth and yield of sorghum.
J Univ Babylon. 2005;12(3):515-9.

Bacon MA. Water use efficiency in plant biology. Oxford: Wiley-Black-
well; 2009.

Basu S, Ramegowda V, Kumar A, Pereira A. Plant adaptation to drought
stress. F1000Res. 2016;5:F1000 Faculty Rev-1554. https://doi.org/
10.12688/f1000research.7678.1.

Cardoso ADS, Santos JZL, Tucci CAF, Farias EP, Moura RDM. Influ-
ence of soil acidity and phosphorus in early growth of mahogany.
Brazilian Journal of Forestry Research. 2015;35(81):1-10. https://doi.
0rg/10.4336/2015.pfb.35.81.667.

Chien SH, Gearhart MM, Villagarcia S. Comparison of ammonium sul-
fate with other nitrogen and sulfur fertilizers in increasing crop pro-
duction and minimizing environmental impact: a review. Soil Sci.
2011;176(7):327-35. https://doi.org/10.1097/SS.0b013e31821{0816.

da Silva EC, de Albuquerque MB, de Azevedo Neto AD, da Silva Junior
CD. Drought and its consequences to plants—from individual to eco-
system. In: Akinci S, editor. Responses of organisms to water stress.
InTech; 2013.

Journal of Ecology and Environment (2025)49:08

Page 14 of 16

da Silva EC, Nogueira RIMC, da Silva MA, de Albuuerque MB. Drought
stress and plant nutrition. Plant Stress. 2011;5(1):32-41.

Dawa K, Tartoura E, Abdel-Hamed A, Gouda A. Effect of some nitroge-
nous and phosphatic fertilizers sources and VA-mycorrhiza inoculum
on growth, productivity and storability of girlic (Allium sativum L.)
1-Vegetative growth and chemical constituents. J Plant Prod.
2007;32(9):7665-88.

Divya K, Pradeep HR, Kumar KK, Venkatesh HKR, Jyothi T. Herbal
drug Swietenia mahagoni jacq. - A review. Global Journal of Re-
search on Medicinal Plants & Indigenous Medicine. 2012;1(10):557-
67.

El-Ramady H, Abowaly M, Elbehiry F, Omara AED, Elsakhawy T, Mo-
hamed ESS, et al. Stressful environments and sustainable soil man-
agement: a case study of Kafr El-Sheikh, Egypt. Env Biodiv Soil Se-
curity. 2019;3:193-213.

El-Sayed SM, Mohamed AS, Mazhar AAM. Enhancement growth of
Swietenia Mahogany seedlings under different irrigation intervals by
foliar application of basil leaves extract. Int ] Health Sci. 2022;6(S8):
4559-81. https://doi.org/10.53730/ijhs.v6nS8.13244.

Elkholy M. Assessment of groundwater resources in Egypt’s deserts. In:
Negm A, Elkhouly A, editors. Groundwater in Egypt’s deserts.
Springer water. Cham: Springer; 2021. p. 327-43.

Ezzat AEBS, El-Awady AA, Ahmed HMI. Improving nitrogen utilization
efficiency by potato (Solanum tuberosum L.). Nat Sci. 2011;9(7):34-
41.

Fageria NK, dos Santos AB, Moraes MF. Influence of urea and ammoni-
um sulfate on soil acidity indices in lowland rice production. Com-
mun Soil Sci Plant Anal. 2010;41(13):1565-75. https://doi.org/10.1080/
00103624.2010.485237.

Farooq M, Wahid A, Kobayashi N, Fujita, Basra SMA. Plant drought
stress: effects, mechanisms and management. Agron Sustain Dev.
2009;29(1):185-212. https://doi.org/10.1051/agro:2008021.

Farrag K, Abdrabbo MAA, Hegab SAM. Growth and productivity of po-
tato under different irrigation levels and mulch types in the North
West of the Nile Delta, Egypt. Middle East J Appl Sci. 2016;6(4):
774-86.

Gelaw TA, Goswami K, Sanan-Mishra N. Individual and interactive ef-
fects of nitrogen and phosphorus on drought stress response and re-
covery in maize seedlings. Agriculture. 2023;13(3):654. https://doi.
org/10.3390/agriculture13030654.

Ghazi D, Hafez S, Elsherpiny M. Rice cultivation adaption to water re-
sources shortage in Egypt. Egypt J Soil Sci. 2023;63(1):113-26.

Ghorbani P, Eshghi S, Ershadi A, Shekafandeh A, Razzaghi F. The possi-
ble role of foliar application of manganese sulfate on mitigating ad-
verse effects of water stress in grapevine. Commun Soil Sci Plant
Anal. 2019;50(13):1550-62. https://doi.org/10.1080/00103624.2019.
1626873.

Ghosh S, Besra SE, Roy K, Gupta JK, Vedasiromon JR. Pharmacologi-
cal effects of methanolic extract of Swietenia mahagoni Jacq. (Meli-
aceae) seeds. Int J Green Pharm. 2009;3(3):206-10.

Gilman EF, Watson DG, Klein RW, Koeser AK, Hilbert DR, McLean
DC. Swietenia mahagoni: Mahogany. Gainesville: University of
Florida; 2019.

Guan Y, Qiao Z, DuJY, Du YL. Root carbon consumption and grain yield


https://doi.org/10.1186/s42269-019-0177-8
https://doi.org/10.1186/s42269-019-0177-8
https://doi.org/10.47750/pnr.2022.13.S09.884
https://doi.org/10.21608/sjas.2022.132843.1215
https://doi.org/10.1007/s11356-018-1255-4
https://doi.org/10.21620/ijfaas.2015245-55
https://doi.org/10.21620/ijfaas.2015245-55
https://doi.org/10.1002/jsfa.7555
https://doi.org/10.5897/JMPR10.409
https://doi.org/10.12688/f1000research.7678.1
https://doi.org/10.12688/f1000research.7678.1
https://doi.org/10.4336/2015.pfb.35.81.667
https://doi.org/10.4336/2015.pfb.35.81.667
https://doi.org/10.1097/SS.0b013e31821f0816
https://doi.org/10.53730/ijhs.v6nS8.13244
https://doi.org/10.1080/00103624.2010.485237
https://doi.org/10.1080/00103624.2010.485237
https://doi.org/10.1051/agro:2008021
https://doi.org/10.3390/agriculture13030654
https://doi.org/10.3390/agriculture13030654
https://doi.org/10.1080/00103624.2019.1626873
https://doi.org/10.1080/00103624.2019.1626873

Ahmed et al. Journal of Ecology and Environment (2025)49:08

of spring wheat in response to phosphorus supply under two water
regimes. J Integr Agric. 2016;15(7):1595-601. https://doi.org/10.
1016/52095-3119(15)61193-5.

Gullape MK, Severoglu S, Karabacak T, Yazici A, Ekinci M, Turan M, et
al. Biochar derived from hazelnut shells mitigates the impact of
drought stress on soybean seedlings. N Z J Crop Hortic Sci. 2022;
52(1):19-37. https://doi.org/10.1080/01140671.2022.2079680.

Haldar PK, Adhikari S, Bera S, Bhattacharya S, Panda SP, Kandar CC.
Hepatoprotective efficacy of Swietenia mahagoni L. Jacq. (Meliace-
ae) bark against paracetamol-induced hepatic damage in rats. Ind J
Pharm Edu Res. 2011;45(2):108-13.

Holloway RE, Bertrand I, Frischke AJ, Brace DM, McLaughlin MJ,
Shepperd W. Improving fertiliser efficiency on calcareous and alka-
line soils with fluid sources of P, N and Zn. Plant Soil. 2001;236:
209-19. https://doi.org/10.1023/A:1012720909293.

Homyak PM, Allison SD, Huxman TE, Goulden ML, Treseder KK. Ef-
fects of drought manipulation on soil nitrogen cycling: a meta-analy-
sis. J Geophys Res Biogeosci. 2017;122(12):3260-72. https://doi.org/
10.1002/2017JG004146.

Hopkins B, Ellsworth J. Phosphorus availability with alkaline/calcareous
soil. 2005. https://www.spring-lake.net/pdfs/calcareous/phosp-avail-
ability-calcareous.pdf. Accessed 20 Mar 2023.

Hossain MK. Silviculture of plantation trees of Bangladesh. Dhaka:
Arannayk Foundation; 2015.

Hussain F, Akhtar M, Ashraf MY, Qureshi TM, Haq AU, Nacem A. Eval-
uation of phosphoric acid as a phosphate fertilizer for wheat produc-
tion on salt-affected soils. Agrochimica. 2011;55(1):203-11.

Ibrahim MI, El-Kassas SA. Effect of water stress and phosphorus fertiliz-
er rates on growth and seed yield of cowpea under El-Arish condi-
tion. J Plant Prod. 2016;7(5):465-73.

Jackson ML. Soil chemical analysis. New Delhi: Prentice Hall of India
Private Limited; 1973.

Jackson ML, Barak P. Soil chemical analysis: advanced course. Madison:
Parallel Press; 2005.

Kang SM, Shaffique S, Peter O, Injamum-UL-Hoque MD, Lee 1J. Physi-
ological and molecular adaptation response of soybean seedlings un-
der osmotic stress. Pak J Bot. 2024;56(3):871-8. https://doi.
org/10.30848/PJB2024-3(34).

Khan F, Khan S, Fahad S, Faisal S, Hussain S, Ali S, et al. Effect of dif-
ferent levels of nitrogen and phosphorus on the phenology and yield
of maize varieties. Am J Plant Sci. 2014;5(17):2582-90. https://doi.
org/10.4236/ajps.2014.517272.

Khan F, Siddique AB, Shabala S, Zhou M, Zhao C. Phosphorus plays key
roles in regulating plants’ physiological responses to abiotic stresses.
Plants (Basel). 2023;12(15):2861. https://doi.org/10.3390/plants12152861.

KhotimahH, Ainiyati SO, Wulandari AM, Wiyasa IWA. The role of Swi-
etenia seed extract in ameliorating blood glucose level for potential
treatment of gestational diabetes mellitus: a literature review. World
J Adv Res Rev. 2024;21(01):1002-14. https://doi.org/10.30574/wjarr.
2024.21.1.0087.

Kitson RE, Mellon MG. Colorimetric determination of phosphorus as
molybdivanadophosphoric acid. Ind Eng Chem Anal Ed. 1944;16(6):
379-83. https://doi.org/10.1021/i560130a017.

Kizilgeci F. Physiological, agronomical and quality response of bread

Page 15 of 16

wheat to phosphorus application under Dryland condition. Appl Ecol
Environ Res. 2019;17(2):1979-87. https://doi.org/10.15666/acer/
1702 19791987.

LiY, Chen J, Tian L, Shen Z, Amby DB, Liu F, et al. Seedling-stage defi-
cit irrigation with nitrogen application in three-year field study pro-
vides guidance for improving maize yield, water and nitrogen use ef-
ficiencies. Plants (Basel). 2022;11(21):3007. https://doi.org/10.3390/
plants11213007.

Liang BC, MacKenzie AF. Corn yield, nitrogen uptake and nitrogen use
efficiency as influenced by nitrogen fertilization. Can J Soil Sci.
1994;74(2):235-40. https://doi.org/10.4141/cjss94-032.

Lisar SYS, Motafakkerazad R, Hossain MM, Rahman IMM. Water stress
in plants: causes, effects and responses. In: Rahman IMM, Hasegawa
H, editors. Water stress. InTech; 2012.

Maiti A, Dewanjee S, Mandal S. In vivo evaluation of anti-diarrheal ac-
tivity of the seed of Swietenia macrophylla king (Meliaceae). Trop J
Pharm Res. 2007;6(2):711-6. https://doi.org/10.4314/tjpr.v6i2.14650.

Marschner H. Mineral nutrition of higher plants. 2nd ed. London: Aca-
demic Press; 1995.

Meng F, Zhang T, Yin D. The effects of soil drought stress on growth
characteristics, root system, and tissue anatomy of Pinus sylvestris
var. mongolica. Peer]. 2023;11:e14578. https://doi.org/10.7717/
peerj.14578.

Metwaly E. Response of spinach plants to foliar application by ascorbic
acid under different sources of nitrogen fertilization. J Plant Prod.
2018;9(1):109-15.

Mohamed MHM. Implications of applied P-sources with calcium super
phosphate, phosphoric acid and rock phosphate, and phosphate dis-
solving bacteria on Snap bean grown under greenhouses conditions.
Ann Agric Sci Moshtohor. 2021;59(5):697-710.

Nasim W, Ahmad A, Bano A, Olatinwo R, Usman M, Khaliq T, et al. Ef-
fect of nitrogen on yield and oil quality of sunflower (Helianthus an-
nuus L.) hybrids under sub humid conditions of Pakistan. Am J Plant
Sci. 2012;3:243-51. https://doi.org/10.4236/ajps.2012.32029.

Nohong B, Nompo S. Effect of water stress on growth, yield, proline and
soluble sugars contents of Signal grass and Napier grass species. Am
Eurasian J Sustain Agric. 2015;9:14-21.

Orwa C, Mutua A, Kindt R, Simons A, Jamnadass R. Agroforesttree data-
base: a tree reference and selection guide version 4.0. Kenya: World
Agroforestry Centre; 2009.

Quader AKMA. Strategy for developing the fertilizer sector in Bangla-
desh for sustainable agriculture. Chem Eng Res Bull. 2010;13(2):39-
46. https://doi.org/10.3329/cerb.v13i2.3126.

Rasool F, Hasan B, Aalum I, Ganie SA. Effect of nitrogen, sulphur and
farmyard manure on growth dynamics and yield of sunflower (Heli-
anthus annuus L.) under temperate conditions. Sci Res Essays.
2013;8(43):2144-7. https://doi.org/10.5897/SRE2013.5618.

Razaq M, Zhang P, Shen HL, Salahuddin. Influence of nitrogen and
phosphorous on the growth and root morphology of Acer mono.
PLoS One. 2017;12(2):e0171321. https://doi.org/10.1371/journal.
pone.0171321.

Reynolds SG. The gravimetric method of soil moisture determination
Part I A study of equipment, and methodological problems. J Hydrol.
1970;11(3):258-73. https://doi.org/10.1016/0022-1694(70)90066-1.


https://doi.org/10.1016/S2095-3119(15)61193-5
https://doi.org/10.1016/S2095-3119(15)61193-5
https://doi.org/10.1080/01140671.2022.2079680
https://doi.org/10.1023/A:1012720909293
https://doi.org/10.1002/2017JG004146
https://doi.org/10.1002/2017JG004146
https://www.spring-lake.net/pdfs/calcareous/phosp-availability-calcareous.pdf
https://www.spring-lake.net/pdfs/calcareous/phosp-availability-calcareous.pdf
https://doi.org/10.30848/PJB2024-3(34
https://doi.org/10.30848/PJB2024-3(34
https://doi.org/10.4236/ajps.2014.517272
https://doi.org/10.4236/ajps.2014.517272
https://doi.org/10.3390/plants12152861
https://doi.org/10.30574/wjarr.2024.21.1.0087
https://doi.org/10.30574/wjarr.2024.21.1.0087
https://doi.org/10.1021/i560130a017
https://doi.org/10.15666/aeer/1702_19791987
https://doi.org/10.15666/aeer/1702_19791987
https://doi.org/10.3390/plants11213007
https://doi.org/10.3390/plants11213007
https://doi.org/10.4141/cjss94-032
https://doi.org/10.4314/tjpr.v6i2.14650
https://doi.org/10.7717/peerj.14578
https://doi.org/10.7717/peerj.14578
https://doi.org/10.4236/ajps.2012.32029
https://doi.org/10.3329/cerb.v13i2.3126
https://doi.org/10.5897/SRE2013.5618
https://doi.org/10.1371/journal.pone.0171321
https://doi.org/10.1371/journal.pone.0171321
https://doi.org/10.1016/0022-1694(70)90066-1

Ahmed et al. Journal of Ecology and Environment (2025)49:08

Riboldi LB, Oliveira RF, Roberto L, Angelocci LR. Leaf turgor pressure
in maize plants under water stress. Aust J Crop Sci. 2016;10(6):878-
86. https://doi.org/10.21475/ajcs.2016.10.06.p7602.

Rosen CJ, Kelling KA, Stark JC, Porter GA. Optimizing phosphorus fer-
tilizer management in potato production. Am J Potato Res. 2014;91:
145-60. https://doi.org/10.1007/s12230-014-9371-2.

Sabir M, Hanafi MM, Malik MT, Aziz T, Zia-ur-Rehman M, Ahmad HR,
et al. Differential effect of nitrogen forms on physiological parame-
ters and micronutrient concentration in maize (Zea mays L.). Aust J
Crop Sci. 2013;7(12):1836-42.

Sahgal G, Ramanathan S, Sasidharan S, Mordi MN, Ismail S, Mansor
SM. Phytochemical and antimicrobial activity of Swietenia mahago-
ni crude methanolic seed extract. Trop Biomed. 2009;26(3):274-9.

Sahgal G, Ramanathan S, Sasidharan S, Mordi MN, Ismail S, Mansor
SM. In vitro and in vivo anticandidal activity of Swietenia mahogani
methanolic seed extract. Trop Biomed. 2011;28(1):132-7.

Sardans J, Roda F, Pefiuelas J. Phosphorus limitation and competitive ca-
pacities of Pinus halepensis and Quercus ilex subsp. rotundifolia on
different soils. Plant Ecol. 2004;174(2):307-19. https://doi.org/10.
1023/B:VEGE.0000049110.88127.a0.

Stern RD. CoStat-Statutical Software. California: CoHort Software
(1989), pp. 302, $76.00. Exp Agric. 1991;27(1):87. https://doi.org/
10.1017/S0014479700019232.

Sukardiman, Ervina M. The recent use of Swietenia mahagoni (L.) Jacq.
as antidiabetes type 2 phytomedicine: a systematic review. Heliyon.
2020;6(3):€03536. https://doi.org/10.1016/j.heliyon.2020.e03536.

Suriyagoda L, Ryan M, Renton M, Lambers H. Plant responses to limit-

ed moisture and phosphorus availability: a meta-analysis. Adv Agron.

Page 16 of 16

2014;124:143-200.

Taiz L, Zeiger E, Moller IM, Murphy A. Plant physiology and develop-
ment. 6th ed. Sunderland: Sinauer Associates Incorporated; 2015.
Wang H, Gao JE, Li XH, Zhang SL, Wang HJ. Nitrate accumulation and
leaching in surface and ground water based on simulated rainfall ex-
periments. PLoS One. 2015;10(8):e0136274. https://doi.org/10.1371/

journal.pone.0136274.

Wang Y, Han X, Ai W, Zhan H, Ma S, Lu X. Non-structural carbohy-
drates and growth adaptation strategies of Quercus mongolica Fisch.
ex Ledeb. Seedlings under drought stress. Forests. 2023;14(2):404.
https://doi.org/10.3390/£14020404.

Wasaya A, Zhang X, Fang Q, Yan Z. Root phenotyping for drought toler-
ance: a review. Agronomy. 2018;8(11):241. https://doi.org/10.3390/
agronomy8110241.

Wu ZZ, Ying YQ, Zhang YB, Bi YF, Wang AK, Du XH. Alleviation of
drought stress in Phyllostachys edulis by N and P application. Sci
Rep. 2018;8(1):228. https://doi.org/10.1038/s41598-017-18609-y.

Wyngaard N, Cabrera ML, Jarosch KA, Biinemann EK. Phosphorus in
the coarse soil fraction is related to soil organic phosphorus mineral-
ization measured by isotopic dilution. Soil Biol Biochem. 2016;96:
107-18. https://doi.org/10.1016/j.s0ilbi0.2016.01.022.

Yin C, Pang X, Chen K. The effects of water, nutrient availability and
their interaction on the growth, morphology and physiology of two
poplar species. Environ Exp Bot. 2009;67(1):196-203. https://doi.
org/10.1016/j.envexpbot.2009.06.003.

Zhao W, Liu L, Shen Q, Yang J, Han X, Tian F, et al. Effects of water
stress on photosynthesis, yield, and water use efficiency in winter
wheat. Water. 2020;12(8):2127. https://doi.org/10.3390/w12082127.


https://doi.org/10.21475/ajcs.2016.10.06.p7602
https://doi.org/10.1007/s12230-014-9371-2
https://doi.org/10.1023/B:VEGE.0000049110.88127.a0
https://doi.org/10.1023/B:VEGE.0000049110.88127.a0
https://doi.org/10.1017/S0014479700019232
https://doi.org/10.1017/S0014479700019232
https://doi.org/10.1016/j.heliyon.2020.e03536
https://doi.org/10.1371/journal.pone.0136274
https://doi.org/10.1371/journal.pone.0136274
https://doi.org/10.3390/f14020404
https://doi.org/10.3390/agronomy8110241
https://doi.org/10.3390/agronomy8110241
https://doi.org/10.1038/s41598-017-18609-y
https://doi.org/10.1016/j.soilbio.2016.01.022
https://doi.org/10.1016/j.envexpbot.2009.06.003
https://doi.org/10.1016/j.envexpbot.2009.06.003
https://doi.org/10.3390/w12082127

