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Abstract: Jatropha curcas L. is a perennial plant, that emerged as a biodiesel crop attracting the great
interest of researchers. However, it is considered a semi-wild plant and needed to apply crop-
improving practices to enhance its full yield potential. This study was conducted to improve the
growth and development of the J. curcas plant by exogenous application of Gibberellic acid (GA),
indole acetic acid (IAA), and fertilizer (nitrogen, phosphorus, potassium (NPK)). The experiment was
conducted in pots in triplicate and 100 ppm and 250 ppm of GA and IAA were applied separately
while NPK was applied in two levels (30 and 60 g/pot). The results revealed a significant difference
in growth parameters with the application of hormones and fertilizer. The highest shoot length
(47%), root length (63%), root fresh weight (72%), and root dry weight (172%) were shown by
plants treated with GA 250 ppm. While plants treated with NPK 60 g showed the highest increases
in shoot fresh weight and shoot dry weight compared to control plants. The highest increase in
leaves number (274%) and branches number (266%) were shown by the plants treated with GA
100 ppm and GA 250 ppm, respectively, while GA 250 ppm and IAA 250 ppm highly increased
stem diameter (123%) and stem diameter was also shown by GA 250 ppm-treated plants. NPK
60 g highly increased proximate composition (protein content, carbohydrate, fat, moisture content,
and ash content) compare with hormones and control plants. Our results concluded the optimized
concentration of IAA, GA, and NPK significantly increases J. curcas growth vigor.

Keywords: biodiesel; gibberellin; growth parameters; indole acetic acid; Jatropha curcas; proxi-

mate composition

1. Introduction

Jatropha curcas L. is a perennial shrub, belonging to the family Euphorbiaceae. It is
about 5 m tall and has smooth grey bark, leaves are large and usually pale green. Fruits are
produced in winter or throughout the year depending on temperature and soil humidity.
The indications show that it originated from South and Central America and some other
parts of the tropical and subtropical regions of Africa and Asia [1]. Specifically, it is grown
in Benin, Brazil, China, Egypt, Ethiopia, Ghana, Guinea, India, Madagascar, Mali, Mexico,
Mozambique, Namibia, Senegal, South Africa, Sudan, Tanzania, Uganda, Zambia, and
Zimbabwe [2]. Its name indicates that it is used as a medicinal plant in the Portuguese in
the 16th century, as its name is derived from the Greek word “iatros” which means doctor,
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and “trophe” which means food [3]. Literature shows that the Portuguese established the
plantation of J. curcas for the first time to make soap, lamp oil, and other medicine [1].

However, |. curcas is exotic to Pakistan and introduced in 2007 to Karachi. It is an
oilseed plant that does not compete with food crops and its seed contains 34-60% oil
contents [3,4]. It has the ability to adapt to a high range of agro-climatic conditions. It
grows in gravelly, sandy, degraded, acidic, and poor stony soils. It is easy to establish,
grows quickly, drought tolerant, grow well in low rainfall condition, and can be used to
reclaim eroded areas [5]. Therefore, it is suggested for cultivation on poor degraded soil.
However, it shows stunt growth under heavy metals stress [6]. It can survive in long dry
periods and it is considered to be well adapted to arid and semi-arid conditions. In the
initial stage, it requires a large amount of water but after maturity, it may survive without
water for sixty days. In the rainfed area, it required 250 up to 3000 mm/year of rainfall
for best growth [7]. Gadallah and Sayed (2001) reported that the exogenous application of
hormones increases . curcas resistance against environmental constraints and promotes
plant growth and development, however, the effectiveness of growth regulators depends
on their concentration and the method of application [8].

To promote plant growth and development in non-suitable conditions, phytohormones
or macronutrients are important candidates. Trail studies indicated that phytohormones
and fertilizers increase plant growth and development under stress conditions. Gibberellin
(GA) increases plant growth, leaves number, bud formation, cell division and elongation,
and flowering [9,10]. Indol acetic acid (IAA) is also involved in several developmental
processes such as the development of vascular tissue, cell elongation, and apical domi-
nance [11]. The growth regulator enhances the growth of J. curcas by regulating its morpho-
physiological and biochemical processes [8]. Besides hormones, many other parameters
also affect the growth of |. curcas. Fertilizer is one of the essential parameters which promote
plant development in a harsh environment. Nitrogen, phosphorous, and potassium (NPK)
are the main nutrients needed for plant growth and development. Without providing
adequate NPK, plants cannot reach maximum growth [12]. The NPK supplementation
increases the biomass and oil contents in J. curcas, which shows the importance of fertilizers
for the growth and development of |. curcas. Being a biofuel plant, J. curcas attracted the
researcher’s attention. As it grows well in drought and high temperatures; therefore, it is
suitable for arid regions where it is not competing with the crops for water and land.

Due to the potential demand and better opportunities, cultivation of |. curcas appears
viable. It adapts well to marginal lands and the large-scale cultivation on wasteland with
low water and rainfall could generate employment and increase the income of the locality.
However, the ability of |. curcas to grow in marginal land and dry soil has not been properly
explored [13]. Several studies have been conducted to evaluate the J. curcas performance
under low water availability in marginal land [13]. In order to understand the plant growth
performance in the marginal land of Kohat, Khyber Pakhtun Khwa, Pakistan, region. Kohat
is an arid region containing a large quantity of marginal land, which is suitable for J. curcas
cultivation. Based on J. curcas plant adaptation to marginal land, we conducted a trail
base studyin the Kohat region (arid region) district in Khyber Pakhtunkhwa, Pakistan.
However, the result of plant growth was not satisfactory under normal growth conditions
(data not published). To further investigate the root cause of our previous project failure,
we performed the current study to investigate the possible way to promote the growth
of J. curcas in the same region. In the current study, we focus on exogenous hormonal
application and fertilizer supplementation. We hypothesized that GA, IAA and NPK
promote J. curcas growth and development by regulation of morphological, physiochemical
and biochemical characteristics of J. curcas. Therefore, the current study aimed to investigate
that the exogenous hormones and fertilizer induces morphological, physiological, and
biochemical parameters of the J. curcas plant and enable it to grow and develop in arid
regions. Based on our study, we can further suggest the cultivation of the J. curcas plant in
the barren land after phytohormones and fertilizers supplementation. This study is of great
importance and thereby suggests that J. curcas growth and development increases with



Plants 2022, 11, 3584

3of 14

the exogenous application of phytohormones and fertilizers. J. curcas is an economically
important plant and unlike crop plants, it does not need significant attention and does not
compete with other crops for land and water. The current study added a new insight to the
field that application of phytohormones and fertilizers can promote J. curcas growth and
development in the marginal land under limited water availability.

2. Results
2.1. Phytohormones and Fertilizer Enhances |. curcas Growth Vigor

In the present study, it is investigated that IAA, GA, and NPK increased J. curcas shoot
length (Figure 1). IAA 100 ppm and IAA 250 ppm increased significantly the shoot length
up to 25% and 29%, respectively, as compared to control plants after four months of growth.
The GA 100 ppm, GA 250 ppm, and NPK 30 g significantly increased the shoot length
up to 17, 47, and 41%, respectively, after four months of growth, compared with control
plants (Figure 1A). The higher concentration of IAA, GA, and NPK also increased shoot
fresh and dry weight (Figure 1B,C). The results indicated that IAA 250 ppm significantly
increased fresh and dry weight up to 141 and 183%, respectively. GA 250 ppm increased
shoot fresh and dry weight up to 141 and 179%, respectively, while NPK 60 g increased by
185 and 267%, respectively, compared to control plants. NPK-applied plants showed higher
fresh and dry weight than the GA and IAA. On the other hand, hormones and fertilizer
also induced root biomass. The IAA 250 ppm, GA 100 ppm, GA 250 ppm, and NPK 60 g
significantly increased root length up to 31, 50, 63, and 40%, respectively (Figure 1D). Root
fresh weight was significantly increased by 21% by IAA 250 ppm, 72% by GA 250 ppm,
and 30% by NPK 60 g compared with control plants (Figure 1E). The root dry weight
followed the same pattern of the root fresh weight. The IAA 250 ppm increased the root
dry weight to 81%, GA 250 ppm increased to 172%, and NPK 30 g and 60 g increased to
63 and 118%, respectively (Figure 1F). We investigated that, among the hormones and
fertilizer, the highest shoot length was shown by the GA 250 ppm-treated plants, while the
highest shoot fresh and dry weight was shown by NPK 60 g-treated plants. However, the
GA 250 ppm-treated plant showed the highest increase in root length, root fresh, and dry
weight which shows that GA can induce J. curcas root growth and development.
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Figure 1. IAA, GA, and NPK regulate J. curcas plant soot, root length, shoot, root fresh and dry
weight. (A) represents shoot length, (B) represent shoot fresh weight, (C) represent shoot dry weight.
(D-F) represent foot length, root fresh weight, and root dry weight, respectively. Graphs show
mean =+ standard deviation, and asterisks show significant differences (* p < 0.05, ** p < 0.01, and
***p < 0.001) according to two-way ANOVA and Bonferroni post hoc tests.
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2.2. Phytohormones and Fertilizer Treatment Promotes Leaf and Branch Number and
Stem Diameter

In the current study, we found that IAA, GA, and NPK efficiently stimulated J. curcas
number of leaves and branches, and stem diameter in four months (Figure 2). Both low and
high concentrations of hormones and NPK application significantly increased the number
of leaves, branches, and stem diameter as compared to control plants. IAA 100 ppm
and 250 ppm increased leaves number by 262 and 211%, respectively, while branches
number increased by 200 and 160%, respectively, and stem diameter increased by 100 and
123%, respectively. GA 100 ppm and 250 ppm increased leaves number up to 274 and
211%, branches number 229 and 260%, and stem diameter 109 and 123%, respectively,
as compared to control plants after four months. The 30 g and 60 g of NPK application
increased leaves number by 199 and 211%, branches number by 129 and 229%, and stem
diameter by 76 and 80%, respectively, after four months of treatment. Among the IAA, GA,
and NPK, IAA 100 ppm and GA 250 ppm showed the highest number of leaves increase
while GA 250 and NPK 60 g showed the highest induction of branches. Whereas the highest
increase in stem diameter was found in IAA 250 ppm and GA 250 ppm treated plants
followed by GA 100 ppm. However, the lowest stem diameter and branches number were
found in the NPK 30 g treated plants, whereas the lowest leaves number were found in the
TAA 100 ppm, GA 250 ppm and NPK 60 g treated plants (equally reduced 211%). These
results show that the optimized concentration of IAA, GA, and NPK is needed to increase J.
curcas leaves, branches, and stem diameter.
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Figure 2. IAA, GA, and NPK regulate J. curcas leaves number, branches number, and stem diameter.
(A) represents leaves number, (B) represents branches number, (C) represents stem diameter. Graphs
show mean =+ standard deviation, and asterisks show significant differences (* p < 0.05, ** p < 0.01,
and *** p < 0.001) according to two-way ANOVA and Bonferroni post hoc tests.

2.3. Phytohormones and Fertilizers Promote . curcas Plant Growth by Regulating
Proximate Compositions

In the current study, we determined the protein, carbohydrate, and fat contents after
four months of treatment of IAA, GA, and NPK in different concentrations. The higher
concentration of hormones and NPK such as IAA 250 ppm, GA 250 ppm, and NPK 60 g
showed a significant increase of protein, carbohydrates, and fat contents compared with
control plants (Figure 3). The NPK 60 g treated plants showed the highest increase (34%) in
protein contents followed by IAA 250 ppm (27%), and GA 250 ppm (25%) compared with
control plants (Figure 3A). IAA 100 ppm also increased significantly the protein content
up to 20%, which indicates that increasing the IAA concentration can increase protein
contents. Carbohydrates were significantly increased by 61% by NPK 60 g followed by GA
250 ppm 42% and IAA 250 ppm 30%, compared with control plants (Figure 3B). Similarly,
the highest increase (46%) in fat contents was found in NPK 60 g treated plants followed
by IAA 250 ppm (39%) and GA 250 ppm (32%), compared with control plants (Figure 3C).
The highest moisture and ash contents were found in NPK 60 g treated plants followed by
TAA 250 ppm and GA 250 ppm treated plants compared with control plants (Figure 3E,F).
These results suggested that phytohormones and NPK treatment enhance the growth of
J. curcas by induction of proximate compositions. Among the phytohormones and NPK,
it was found that NPK application highly increased the overall proximate composition
compared with IAA and GA. These results show that fertilizers can better increase the J.
curcas succession in temperate and barren land compared with hormones.
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Figure 3. IAA, GA, and NPK induces biosynthesis of |. curcas plant proximate composition contents.
(A) represents protein contents, (B) represents carbohydrate contents, (C) represents fat contents,
(D) represents moisture contents, and (E) represents ash contents. Graphs show mean =+ standard
deviation, and asterisks show significant differences (* p < 0.05, ** p < 0.01, and *** p < 0.001)
according to two-way ANOVA and Bonferroni post hoc tests.

3. Discussion

In the present study, we reported that IAA, GA, nitrogen, phosphorus, and potassium
(NPK) act as growth enhancers of the J. curcas plant. We provided physiological, morpho-
logical, and biochemical evidence that J. curcas growth and development were enhanced
by the application of hormones and NPK. Generally, the |. curcas plant grows in almost
all kinds of soil and drought conditions; however, hormones and fertilizers increase their
growth and development. The applied hormones (GA, IAA) and NPK greatly influenced
the plant’s morphological, physiological, and biochemical traits.

IAA is an essential auxin with significant in vivo roles such as stem growth, root
growth, stem cambium cell activation, and lateral bud formation [14,15]. In most plants,
IAA is the supreme active form of auxin. Recent studies revealed that IAA application has
positive effects on growth parameters such as plant root and shoot length, fresh and dry
weight, number of leaves, chlorophyll contents, carbohydrates, amino acids, and phenolic
contents [16,17]. Our results also showed that IAA increased plant growth parameters
(shoot length, root length, fresh and dry weight, branches and leaves number, and stem
diameter) in J. curcas plants compared with control plants. In a recent study, it is predicted
that phytohormones including IAA alter the sugar metabolism which is responsible for the
modulation of biological processes that are involved in plant growth promotion [18,19]. IAA
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interacts with sucrose and alters plant morphogenesis which regulates leaf morphology [20].
In addition, IAA increases endogenous GA accumulation, which is a prominent growth
regulator [18]. In our study, we found that IAA increased leaves and branches number.
The possible reason for the increased number of leaves and branches number might be the
suppression of the ABA hormone. ABA generally inhibits growth or keeps the apical tissue
dormant while IAA reduces ABA and increases GA which breaks dormancy and results in
plant growth and increasing branches number [18]. Besides other growth parameters, we
also found that the IAA-treated plant’s stem diameter was increased significantly than the
control plants, which predicts that IAA is efficiently involved in vascular cell division and
differentiation. It is reported that IAA increases Persea americana cell differentiation which
increases vascular vessel density [21]. In Glycin max, IAA stimulated plant height, leaves
number and area, number of branches, and seed per plant [22]. However, different plants
show different reactions to IAA in various concentrations. In the J. curcas plant, between the
TAA 100 ppm and 250 ppm, the IAA 250 ppm showed a higher increase in morphological,
physiological, and biochemical parameters. However, IAA 100 ppm increased the G. max
height more than that of 200 pmm [22]. Foliar application of IAA on cowpea plants also
increased plant height, fresh and dry weight, number of branches, number of leaves, and
yield components [23]. As far as IAA is concerned to plant height, some researchers
provided evidence that IAA promoted GA synthesis. For instance, it is reported that
exogenous IAA increased GA1 and GAj biosynthesis through the activation of GA; and
GAj synthesis enzymes [24,25]. IAA not only induced morphological and physiological
parameters of the J. curcas plant, but also induced their proximate composition (protein,
carbohydrate, fat, moisture, and ash contents) compared to control plants. To the best of
our knowledge, there is no data published on the effect of IAA and GA on the proximate
composition of J. curcas; however, researchers investigated the effects of IAA and GA on
the proximate composition of various plants. A recent study investigated that, exogenous
application of IAA enhanced the photosynthesis rate in Gossypium hirsutum which resulted
in increased biomass including fresh and dry weight [18]. In the Balanites aegyptiaca plant,
different concentrations of IAA increased total protein and carbohydrates when compared
to non-treated plants [26]. IAA also increased fresh and dry weight, relative water contents
(moisture contents), and chlorophyll contents in white clover plants [24]. These results are
in line with our findings, which show that IAA is involved in the biosynthesis of protein
and carbohydrates and increases moisture contents in J. curcas.

GA is a key hormone that induces many parameters of plant growth and development
such as seed germination, shoot elongation, leaf expansion, and flower and fruit devel-
opment [27]. In our study, we found that GA exogenous application increased shoot and
root length, fresh and dry weight, and proximate composition percentage in J. curcas plants
compared with control plants. Plant biomass accumulation is associated with endogenous
GA accumulation. GA enhances carbonic anhydrase activity which promotes CO; fixation
in photosynthesis as this enzyme takes part in the hydration of CO, and is strictly related
to chloroplast [28]. This phenomenon provides enough CO; to the site of fixation and
increases the photosynthesis rate which as a result increases biomass accumulation [29,30].
In comparison to IAA and NPK, GA greatly influenced the shoot length, root length, and
root fresh and dry weight (Figure 1). Researchers evaluated the basic mechanism of GA that
regulates plant growth and development. Previous studies investigated that GA induces
the transcription of genes that are involved in cell division and cell elongation occurring
during plant growth [31]. GA also stimulates the induction of hydrolytic enzymes which
are involved in the conversion of starch to sugar and the controlling of starch and sugar
accumulation by GA can significantly influence plant growth and development [32]. Mostly
the GA induces plant growth by alteration of certain genes expression. GA also plays a
key role in several metabolic pathways that effecting plant growth such as chlorophyll
biosynthesis, nitrogen metabolism and redistribution, and translocation of assimilates [28].
GA influences the differentiation of phloem fiber and enhances the length of bast fibers by
inducing internode length. Reports show that a high level of GA results in primary phloem
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fiber elongation in the Coleus blumei plant and the length of differentiating internode is asso-
ciated with the length of the primary phloem [33]. The increase in phloem fiber is associated
with an increase in plant height and an increase in plant intermodal length [34]. Previous
studies show that GA efficiently stimulates the lateral branches outgrowth in the J. curcas
plant and it was investigated that increasing concentration increases shot branching [35].
In Arabidopsis thaliana, GA insensitive mutant shows a reduction in apical dominance and
an increased number of axillary shoots [36]. GA sometimes shows an inhibitory role in
lateral branching depending on plant species. In Pisum sativum plants, GA plays an in-
hibitory role in lateral bud formation [37]. The overexpression of the GA biosynthesis gene
increased tillers or branches in Paspalum distichum and Populus tremula, suggesting that GA
is significantly involved in the branching of these species [38—40]. However, GA-induced
bud formation in citrus, sweet cherry, and rose [41-43]. Our results were consistent with
the previously reported research; therefore, it is evident that GA is a positive regulator
of stem elongation and buds and branches development. Our study further showed that
GA-treated plants showed increased stem diameter, which suggested that GA is signifi-
cantly involved in the secondary growth of J. curcas. Melanie Mauriat et al., (2011) reported
that the expression of the GA biosynthesis gene in Populus tremula and Nicotiana tabacum
enhanced the internode length and stem diameter [39]. Reports show that GA enhances
the elongation and division of xylem and fiber cells in the vascular bundle region and
increases cambium activity which increases stem diameter [44—46]. Compared to IAA and
NPK, GA showed an increased number of leaves, branches, and stem diameter (Figure 2).
Leaf number and growth are major determining factors contributing to shoot biomass
and yield production. Leaves and branches number are regulated and controlled genet-
ically and depend on developmental stage and species [47]. However, studies reported
that growth regulators regulate leaves and branches development. In Gladiolus grandiflo-
ras, GA enhanced the leaves number and sprouting emergence compared with control
plants [48]. Although there is a lack of data about GA induction of proximate composition
in the J. curcas plant; however, it is reported that GA application increases carbohydrate
contents in Phalaenopsis apex [49]. Reports show that GA accumulation enhances certain
enzyme activity and increases cell wall plasticity which enhances membrane permeability
and facilitates the uptake of mineral nutrients and transport of photosynthates [50-53].
The GA-facilitated uptake of nutrients and photosynthates transportation promotes plant
growth and development. GA accelerates the cell cycle and starch hydrolysis to provide
energy and a carbon skeleton for the synthesis of soluble sugar (carbohydrates) and other
metabolites [54]. Our results showed that GA application increased protein contents in J.
curcas which is in line with the results of Satendra Singh et al., (2014), they determined that
GAj significantly increased the total amino acid (protein contents) of Phaseolus vulgaris L.
plant [55]. Taken together with these results, it is revealed that the exogenous application
of GA enhances J. curcas growth and development mediated through the regulation of
morphological, physiological, and biochemical parameters.

J. curcas is a biodiesel-producing plant and possesses great characteristics of growing
on barren land, low water, and harsh climatic condition. It is a nutrient-reactive plant and
its requirement for nutrients varies with the soil fertility [56]. N, P, K, Zn, and B are the
main fertilizers needed for the full-size growth of the plant to produce seeds [57,58]. N and
P are the main nutrients that affect significantly the seed yield of |. curcas [59]. Researchers
have suggested that, in the developmental stage of J. curcas, NPK is needed to build up the
plant architecture such as root, stem, leaves, flowers, and seeds [57]. Analysis of our results
revealed that NPK application to J. curcas showed significant differences in root shoot length,
fresh dry weight, number of leaves, and branches. Nitrogen has a key role in chlorophyll
biosynthesis and increases the rate of photosynthesis which results in increases in the dry
biomass of the plant [60]. Similarly, phosphorus is involved in energy metabolism and
photosynthesis while potassium plays a key role in carbohydrates and protein metabolism
during plant growth [61,62]. In general, NPK fertilizer is easily absorbed by plants which
play an important role in growth by supporting vegetative development including leaf,
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stem, and root development. Nitrogen is a building factor of protein, which greatly affect
plant biomass [63]. Phosphorus is also used in protein and fat biosynthesis and transform
adenosine diphosphate into adenosine triphosphate to generate energy [64]. Potassium
enable CO2 during photosynthesis to enter through stomata, photosinthate transport, water,
sugar, and protein and sugar synthesis [63]. Potassium availability increases energy that
results into growth and development regulation [65]. Compared to GA and IAA, NPK 60 g
showed the highest significant increase in total protein, carbohydrate, fat, moisture, and
ash content percentage (Figure 3), which indicates that NPK higher concentration increases
the proximate composition of |. curcas plant. Ali Sher Chandio et al., (2016) investigated
that the highest amount of NPK application per hector showed maximum growth, fruit,
and seed oil yield in the J. curcas plant [56]. Another research also revealed that the highest
value of dry matter and seed fatty acid were obtained from NPK-treated J. curcas plants
compared with non-treated plants [12]. Nitrogen has a key importance in plant growth than
the other material as it plays a central role in many physiological and biochemical processes
in plants [66]. It is a basic part of the structure of chlorophyll, protein, fats, and nucleic
acid [66]. After nitrogen, phosphorus is an important macronutrient that affects plant
growth. Without enough phosphorus, it is difficult for a plant to attain maximum growth
and development as it has a key role in the storage and transfer of energy in plants [67,68].
Whereas potassium also plays a key role in metabolism and its application influence J.
curcas seed oil and fatty acids [12]. All three macronutrients (NPK) are important growth
inducers of plants but instead of using them separately, they are more efficient when used in
combination [34]. Among the NPK, N plays a more important role in enhancing agriculture
production by promoting chlorophyll, soluble protein, proline contents, and promoting
fiber yield [69,70]. Compared to previous research, our study also determined that NPK
application promoted |. curcas growth and development by enhancing morphological,
physiological, and biochemical regime.

4. Materials and Methods
4.1. Experimental Design and Material Used

In the present study, six months old seedlings of equal size were collected from a
common dealer in Multan, Pakistan. The seedling weight, stem width, and root length
were different; therefore, the initial weight, stem width, and root length were measured and
recorded. The whole experiment was conducted in pots and single seedlings were grown
in each pot filled with an equal amount of soil and treated with hormones and fertilizer
separately. The hormones Gibberellic acid GA3 (GA) and Indole acetic acid (IAA) were
applied as 100 ppm and 250 ppm each to every single pot and NPK was applied 30 g and
60 g to each pot separately (mixed in the soil). Control plants were treated with only water.
The plants were watered after two weeks with an equal amount of water. The data were
collected after each week for four months and the whole experiment was conducted in
triplicate. In fertilizer, nitrogen was 28%, phosphorus was 18% and potassium was 16%.

4.2. Parameters Studied

In the present study, three main parameters were studied, i.e., physiological, morpho-
logical, and biochemical parameters. In physiological parameters, root, shoot length, and
fresh and dry weight of root and stem were measured. In morphological parameters, the
number of leaves, number of branches, and stem diameter were studied. In biochemical
parameters, carbohydrates, proteins, lipids, moisture, and ash contents were studied. The
data were taken every week until four months.

4.3. Proximate Composition Analysis

To determine the effect of hormones and fertilizers on leaf moisture contents, the fresh
leaves were randomly collected in triplicate from each treatment. The collected leaves were
washed, weighed, and recorded as fresh weight (FW). The selected leaves were at 105 °C in
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the oven for 3 h. The fully dried leaves were again weighed and recorded as dried weight
(Dw). The moisture content was calculated as the following:

Moisture content (%) = (Fw — Dw) x 100

To measure the ash content percentage, we collected 1 g of leaves and washed them to
remove the contamination and the tissue dried. The leaves were burned in the muffle furnace at
450-550 °C to remove water and other volatile substances. The leaves samples were weighed
before and after burning in the muffle furnace. The ash content was calculated as follows:

Ash (%) = (Mash/Mary) X 100

where Mg, is the mass of fresh ash and Mg,y is the mass of dry ash.

To determine fat contents, we followed the method used by Aurea M. Almazan and
Samuel O. Adeyeye (1998) [71]. About 1 g of fresh leaves were collected from J. curcas
and dried in the oven at 60 °C for 15 h and then ground into fine powder. The powder
was homogenized with hexane and extracted fat by using the Soxhlet method (AOAC,
1990). The extract was treated with methanolic sodium and methanolic boron trifluoride
to convert the fatty acid into methyl ester, using the method followed by Paquot and
Hautfenne in 1987 [72]. The fatty acid methyl ester in the hexane layer was dried at 90 °C
by passing the nitrogen gas on its surface. The solution of hexane and methyl ester was
filtered by a 45 pum filter and injected 1 pL into a Shimadzu gas chromatograph with a
Perkin-Elmer PE-WAX capillary column (30 m x 025 mm) and flame ionization detector.
The initial column temperature was 80 °C and increased to 260 °C kept for 7 min with the
flow rate of gas (H;) being 30 cm/s. The percentage of fat was calculated based on the total
area of fatty acids. All these determinations were carried out according to the Association
of Official Analytical Chemists (AOAC, 1990). For crude protein determination, the Micro
Kjeldahl method was followed according to the AOAC international [73]. About 1 g of
the leaf samples was collected randomly then ground into a fine powder and digested
with 15 mL H;SO4 by heating in the presence of K;SO4 and selenium using a heating
block at 420 °C for 2 h. The digested sample was then neutralized by adding NaOH, to
convert ammonium sulfate into ammonia, which is further distilled off and collected in a
flask, and added boric acid was to form ammonium borate. The residual boric acid was
further titrated with H,SO,4 with the use of an endpoint indicator to determine the total
nitrogen contents. The amount of total nitrogen in the raw material was multiplied by the
traditional conversion factor of 6.25 and the specific conversion factor [74]. Carbohydrate
content was determined by calculating the difference between the sum of all the proximate
compositions from 100% [75].

4.4. Soil Analysis

To find the nutrient deficiency in the soil, the soil was analyzed at the Barani Agricul-
ture Research Center (BARS), Kohat. Two soil samples were randomly selected from the
different sites of the field. The BARS report of soil is presented in Table 1.

Table 1. Parameters studied in soil analysis.

Sample No pH Electric Conductivity ds/m CaCO3 % Organic Manure % Nitrogen % Texture
1 7.51 0.55 14 0.69 0.0345 Clay loam
2 7.31 0.67 16 0.759 0.0379 Clay loam

4.5. Statistical Analysis

All experiments were performed in triplicate, and the data from each replicate were
pooled. Data were analyzed using one-way ANOVA with Bonferroni post hoc tests (* shows
p < 0.05, ** shows p < 0.01, and *** shows p < 0.001 significant difference). A completely
randomized design was used to compare the mean values of different treatments. Data
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were graphically plotted, and statistical analyses were performed using the GraphPad
Prism software (version 5.01, GraphPad, San Diego, CA, USA).

5. Conclusions

This study demonstrated that the exogenous application of phytohormones and fertil-
ization of the J. curcas plant promoted growth and development. The results confirmed that
different concentrations of GA, IAA, and NPK induced various parameters differentially.
GA 250 ppm increased shoot root length, root fresh and dry weight, branches number, and
stem diameter while GA 100 ppm increased leaves number as compared to IAA and NPK.
While IAA 250 ppm increased stem diameter, and NPK increased proximate compositions
compared to hormones. Our study concluded that optimum hormones and NPK level
is essential for the efficient promotion of morphological, physiological, and biochemical
aspects of the J. curcas plant. Furthermore, the hormones were used for scientific validation,
however on commercial basis application of phytohormones are less economical than the
fertilizers. Our current study opens an important research area for the future study to
investigate, how to improve the indigenous phytohormones of J. curcas to improve its
growth and development in the barren land.

Author Contributions: Conceptualization, K.-M.K., WM. and R.J.; methodology, R.J., S.A. (Sajjad
Asaf) and M.A.; Formal analysis and software, R.J., S.A. (Saleem Asif) and M.K.; writing—original
draft, R.J., K-M.K. and W.M,; review, visualization and supervision, K.-M.K. and W.M. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: This work was supported by a grant from the New Breeding Technologies
Development Program (Project No. PJ016531012022), Rural Development Administration, Korea.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

11.

12.

13.

Lustosa Sobrinho, R.; Zoz, T.; Finato, T.; Oliveira, C.E.d.S.; Neto, 5.5.d.O.; Zoz, A.; Alaraidh, L. A.; Okla, M.K.; Alwasel, Y.A.; Beemster,
G. Jatropha curcas L. as a Plant Model for Studies on Vegetative Propagation of Native Forest Plants. Plants 2022, 11, 2457. [CrossRef]
[PubMed]

Holl, M.; Gush, M.; Hallowes, J.; Versfeld, D. Jatropha curcas in South Africa: An Assessment of Its Water Use and Bio-Physical Potential;
Pretoria South Africa Water Research Commission: Pretoria, South Africa, 2007.

Neupane, D.; Bhattarai, D.; Ahmed, Z.; Das, B.; Pandey, S.; Solomon, ].K.; Qin, R.; Adhikari, P. Growing Jatropha (Jatropha
curcas L.) as a potential second-generation biodiesel feedstock. Inventions 2021, 6, 60. [CrossRef]

Salimon, ].; Abdullah, R. Physicochemical properties of Malaysian Jatropha curcas seed oil. Sains Malays. 2008, 37, 379-382.
Abou Kheira, A.A.; Atta, N.M. Response of Jatropha curcas L. to water deficits: Yield, water use efficiency and oilseed characteristics.
Biomass Bioenergy 2009, 33, 1343-1350. [CrossRef]

Kumar, G,; Yadav, S.; Thawale, P,; Singh, S.; Juwarkar, A. Growth of Jatropha curcas on heavy metal contaminated soil amended
with industrial wastes and Azotobacter—A greenhouse study. Bioresour. Technol. 2008, 99, 2078-2082. [CrossRef]

Achten, W.M.; Verchot, L.; Franken, Y.J.; Mathijs, E.; Singh, V.P,; Aerts, R.; Muys, B. Jatropha bio-diesel production and use.
Biomass Bioenergy 2008, 32, 1063-1084. [CrossRef]

Joshi, G.; Shukla, A.; Shukla, A. Synergistic response of auxin and ethylene on physiology of Jatropha curcas L. Braz. |. Plant Physiol.
2011, 23, 66-77. [CrossRef]

Srivastava, L.M. Plant Growth and Development: Hormones and Environment; Elsevier: Amsterdam, The Netherlands, 2002.

Leite, V.M.; Rosolem, C.A.; Rodrigues, ].D. Gibberellin and cytokinin effects on soybean growth. Sci. Agric. 2003, 60, 537-541.
[CrossRef]

Wang, Y.; Mopper, S.; Hasenstein, K.H. Effects of salinity on endogenous ABA, IAA, JA, and SA in Iris hexagona. |. Chemn. Ecol.
2001, 27, 327-342. [CrossRef]

Akbarian, M.; Modafebehzadi, N.; Bagheripour, M. Study of fertilizer (NPK) effects on yield and triglycerids in Jatropha (Jatropha
curcas). Plant Ecophysiol. 2010, 2, 169-172.

Sapeta, H.; Costa, ].M.; Lourenco, T.; Maroco, J.; van der Linde, P.; Oliveira, M.M. Drought stress response in Jatropha curcas:
Growth and physiology. Environ. Exp. Bot. 2013, 85, 76-84. [CrossRef]


http://doi.org/10.3390/plants11192457
http://www.ncbi.nlm.nih.gov/pubmed/36235323
http://doi.org/10.3390/inventions6040060
http://doi.org/10.1016/j.biombioe.2008.05.015
http://doi.org/10.1016/j.biortech.2007.03.032
http://doi.org/10.1016/j.biombioe.2008.03.003
http://doi.org/10.1590/S1677-04202011000100009
http://doi.org/10.1590/S0103-90162003000300019
http://doi.org/10.1023/A:1005632506230
http://doi.org/10.1016/j.envexpbot.2012.08.012

Plants 2022, 11, 3584 12 of 14

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Zolman, B.K,; Yoder, A.; Bartel, B. Genetic analysis of indole-3-butyric acid responses in Arabidopsis thaliana reveals four mutant
classes. Genetics 2000, 156, 1323-1337. [CrossRef]

El-Eslamboly, A.A. Effect of watermelon propagation by cuttings on vegetative growth, yield and fruit quality. Egypt. . Agric.
Res. 2014, 92, 553-579. [CrossRef]

Sadak, M.S.; Dawood, M.G.; Bakry, B.; El-Karamany, M. Synergistic effect of indole acetic acid and kinetin on performance, some
biochemical constituents and yield of faba bean plant grown under newly reclaimed sandy soil. World J. Agric. Sci. 2013, 9,
335-344.

Ogwu, M.C.; Osas, A.R.; Edwin, O.M. Effects of Indole-3-Acetic Acid on Germination in Lead Polluted Petri Dish of Citrullus
lanatus (Thunberg) Matsumura and Nakai, Cucurbitaceae. Aceh Int. ]. Sci. Technol. 2015, 4, 107-113. [CrossRef]

Zhao, T.; Deng, X.; Xiao, Q.; Han, Y.; Zhu, S.; Chen, J. IAA priming improves the germination and seedling growth in cotton
(Gossypium hirsutum L.) via regulating the endogenous phytohormones and enhancing the sucrose metabolism. Ind. Crops Prod.
2020, 155, 112788. [CrossRef]

Farooq, M.; Jan, R.; Kim, K.-M. Gravistimulation effects on Oryza sativa amino acid profile, growth pattern and expression of
OsPIN genes. Sci. Rep. 2020, 10, 17303. [CrossRef] [PubMed]

Goren, S.; Lugassi, N.; Stein, O.; Yeselson, Y.; Schaffer, A.A.; David-Schwartz, R.; Granot, D. Suppression of sucrose synthase
affects auxin signaling and leaf morphology in tomato. PLoS ONE 2017, 12, e0182334. [CrossRef]

Martens, D.; Luck, S.; Frankenberger, W., Jr. Role of plant growth regulators in vegetative spring flush, flowering, and fruit drop
in avocado (Persea americana, Mill.). Circular 1994, CAS-94, 1-14.

Sarkar, PK.; Haque, M.S.; Abdul Karim, M. Effects of GA and IAA and their frequency of application on morphology, yield 3. Pak.
J. Agron. 2002, 1, 119-122.

El-Bassiouny, H.M.; Shukry, W.M. Cowpea growth pattern, metabolism and yield in response to IAA and biofertilizers under
drought conditions. Egypt. ]. Biol. 2001, 3, 117-129.

Zhang, Y.; Li, Y.,; Hassan, M.J; Li, Z.; Peng, Y. Indole-3-acetic acid improves drought tolerance of white clover via activating auxin,
abscisic acid and jasmonic acid related genes and inhibiting senescence genes. BMC Plant Biol. 2020, 20, 150. [CrossRef] [PubMed]
Pan, X.; Welti, R.; Wang, X. Quantitative analysis of major plant hormones in crude plant extracts by high-performance liquid
chromatography-mass spectrometry. Nat. Protoc. 2010, 5, 986-992. [CrossRef] [PubMed]

Mostafa, G.G.; Alhamd, M. Effect of gibberellic acid and indole 3-acetic acid on improving growth and accumulation of
phytochemical composition in Balanites aegyptiaca plants. Am. J. Plant Physiol. 2011, 6, 36—43. [CrossRef]

Hu, Y.-X; Tao, Y.-B.; Xu, Z.-F. Overexpression of Jatropha Gibberellin 2-oxidase 6 (JcGA20x6) induces dwarfism and smaller leaves,
flowers and fruits in Arabidopsis and Jatropha. Front. Plant Sci. 2017, 8, 2103. [CrossRef]

Miceli, A.; Moncada, A.; Sabatino, L.; Vetrano, F. Effect of gibberellic acid on growth, yield, and quality of leaf lettuce and rocket
grown in a floating system. Agronomy 2019, 9, 382. [CrossRef]

Khan, N. Effect of gibberellic acid on carbonic anhydrase, photosynthesis, growth and yield of mustard. Biol. Plant. 1996, 38,
145-147. [CrossRef]

Khan, N. Variation in carbonic anhydrase activity and its relationship with photosynthesis and dry mass of mustard. Photosyn-
thetica 1994, 30, 317.

Devies, P.; Sun, T. Gibberellin signal transduction in stem elongation and leaf growth. In Plant Hormones; Springer: Dordrecht,
The Netherlands, 2004.

Basra, A. Plant Growth Regulators in Agriculture and Horticulture: Their Role and Commercial Uses; CRC Press: Boca Raton, FL, USA, 2000.
Aloni, R. Role of auxin and gibberellin in differentiation of primary phloem fibers. Plant Physiol. 1979, 63, 609-614. [CrossRef]
Ullah, S.; Anwar, S.; Rehman, M.; Khan, S.; Zafar, S.; Liu, L.; Peng, D. Interactive effect of gibberellic acid and NPK fertilizer
combinations on ramie yield and bast fibre quality. Sci. Rep. 2017, 7, 10647. [CrossRef]

Ni, J.; Gao, C.; Chen, M.-S; Pan, B.-Z.; Ye, K.; Xu, Z.-F. Gibberellin promotes shoot branching in the perennial woody plant
Jatropha curcas. Plant Cell Physiol. 2015, 56, 1655-1666. [CrossRef] [PubMed]

Koorneef, M.; Elgersma, A.; Hanhart, C.v.; van Loenen-Martinet, E.; Van Rijn, L.; Zeevaart, J. A gibberellin insensitive mutant of
Arabidopsis thaliana. Physiol. Plant. 1985, 65, 33-39. [CrossRef]

Scott, T.K.; Case, D.B.; Jacobs, W.P. Auxin-gibberellin interaction in apical dominance. Plant Physiol. 1967, 42, 1329-1333.
[CrossRef] [PubMed]

Agharkar, M.; Lomba, P,; Altpeter, F.; Zhang, H.; Kenworthy, K.; Lange, T. Stable expression of AtGA20x1 in a low-input turfgrass
(Paspalum notatum Flugge) reduces bioactive gibberellin levels and improves turf quality under field conditions. Plant Biotechnol.
J. 2007, 5, 791-801. [CrossRef] [PubMed]

Mauriat, M.; Sandberg, L.G.; Moritz, T. Proper gibberellin localization in vascular tissue is required to control auxin-dependent
leaf development and bud outgrowth in hybrid aspen. Plant J. 2011, 67, 805-816. [CrossRef]

Zawaski, C.; Busov, V.B. Roles of gibberellin catabolism and signaling in growth and physiological response to drought and
short-day photoperiods in Populus trees. PLoS ONE 2014, 9, e86217. [CrossRef]

Marth, P.C.; Audia, W.V.; Mitchell, ].W. Effects of gibberellic acid on growth and development of plants of various genera and
species. Bot. Gaz. 1956, 118, 106-111. [CrossRef]

Elfving, D.C.; Visser, D.B.; Henry, J.L. Gibberellins stimulate lateral branch development in young sweet cherry trees in the
orchard. Int. J. Fruit Sci. 2011, 11, 41-54. [CrossRef]


http://doi.org/10.1093/genetics/156.3.1323
http://doi.org/10.21608/ejar.2014.155191
http://doi.org/10.13170/aijst.4.3.3021
http://doi.org/10.1016/j.indcrop.2020.112788
http://doi.org/10.1038/s41598-020-74531-w
http://www.ncbi.nlm.nih.gov/pubmed/33057095
http://doi.org/10.1371/journal.pone.0182334
http://doi.org/10.1186/s12870-020-02354-y
http://www.ncbi.nlm.nih.gov/pubmed/32268884
http://doi.org/10.1038/nprot.2010.37
http://www.ncbi.nlm.nih.gov/pubmed/20448544
http://doi.org/10.3923/ajpp.2011.36.43
http://doi.org/10.3389/fpls.2017.02103
http://doi.org/10.3390/agronomy9070382
http://doi.org/10.1007/BF02879650
http://doi.org/10.1104/pp.63.4.609
http://doi.org/10.1038/s41598-017-09584-5
http://doi.org/10.1093/pcp/pcv089
http://www.ncbi.nlm.nih.gov/pubmed/26076970
http://doi.org/10.1111/j.1399-3054.1985.tb02355.x
http://doi.org/10.1104/pp.42.10.1329
http://www.ncbi.nlm.nih.gov/pubmed/16656659
http://doi.org/10.1111/j.1467-7652.2007.00284.x
http://www.ncbi.nlm.nih.gov/pubmed/17764521
http://doi.org/10.1111/j.1365-313X.2011.04635.x
http://doi.org/10.1371/journal.pone.0086217
http://doi.org/10.1086/335932
http://doi.org/10.1080/15538362.2011.554066

Plants 2022, 11, 3584 13 of 14

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.
66.
67.
68.
69.

70.

Choubane, D.; Rabot, A.; Mortreau, E.; Legourrierec, J.; Péron, T.; Foucher, E; Ahcéne, Y.; Pelleschi-Travier, S.; Leduc, N.; Hamama, L.
Photocontrol of bud burst involves gibberellin biosynthesis in Rosa sp. J. Plant Physiol. 2012, 169, 1271-1280. [CrossRef]

Bjorklund, S.; Antti, H.; Uddestrand, I.; Moritz, T.; Sundberg, B. Cross-talk between gibberellin and auxin in development of
Populus wood: Gibberellin stimulates polar auxin transport and has a common transcriptome with auxin. Plant J. 2007, 52,
499-511. [CrossRef]

Mauriat, M.; Moritz, T. Analyses of GA20ox-and GID1-over-expressing aspen suggest that gibberellins play two distinct roles in
wood formation. Plant J. 2009, 58, 989-1003. [CrossRef] [PubMed]

Denis, E.; Kbiri, N.; Mary, V.; Claisse, G.; Conde e Silva, N.; Kreis, M.; Deveaux, Y. WOX 14 promotes bioactive gibberellin
synthesis and vascular cell differentiation in Arabidopsis. Plant J. 2017, 90, 560-572. [CrossRef] [PubMed]

Xu, Q.; Krishnan, S.; Merewitz, E.; Xu, J.; Huang, B. Gibberellin-regulation and genetic variations in leaf elongation for tall fescue
in association with differential gene expression controlling cell expansion. Sci. Rep. 2016, 6, 30258. [CrossRef] [PubMed]
Rahman, A.; Hussain, I.; Nabi, G. Exogenous gibberellic acid application influences on vegetative and reproductive aspects in
gladiolus. Ornam. Hortic. 2020, 26, 244-250. [CrossRef]

Chen, W.-S.; Liu, H.-Y,; Liu, Z.-H.; Yang, L.; Chen, W.-H. Gibberellin and temperature influence carbohydrate content and
flowering in Phalaenopsis [sucrose feeding]. Physiol. Plant. 1994, 90, 391-395. [CrossRef]

Crozier, A.; Turnbull, C. Gibberellins: Biochemistry and action in extension growth. What New Plant Physiol. 1984, 15, 9-12.
Wood, A.; Paleg, L. Alteration of liposomal membrane fluidity by gibberellic acid. Funct. Plant Biol. 1974, 1, 31-40. [CrossRef]
Ansari, H. Effect of Some Phytohormones and NPK on Growth and Metabolism of Mustard. Ph.D. Thesis, Aligarh Muslim
University, Aligarh, India, 1996.

Estruch, J.J.; Pereto, J.G.; Vercher, Y.; Beltran, J.P. Sucrose loading in isolated veins of Pisum sativum: Regulation by abscisic acid,
gibberellic acid, and cell turgor. Plant Physiol. 1989, 91, 259-265. [CrossRef]

Yuxi, Z.; Yanchao, Y.; Zejun, L.; Tao, Z.; Feng, L.; Chunying, L.; Shupeng, G. GA3 is superior to GA4 in promoting bud
endodormancy release in tree peony (Paeonia suffruticosa) and their potential working mechanism. BMC Plant Biol. 2021, 21, 323.
[CrossRef]

Singh, S.; Kulkarni, M.G.; Van Staden, ]. Biochemical changes associated with gibberellic acid-like activity of smoke-water,
karrikinolide and vermicompost leachate during seedling development of Phaseolus vulgaris L. Seed Sci. Res. 2014, 24, 63-70.
[CrossRef]

Chandio, A.S.; Depar, M.S.; Meghwar, B.L.; Waseem, M.; Kalroo, A.K.P.,; Solangi, A.H.; Rind, PA.; Ahmed, N. Nutrient
Requirement of Jatropha cultivars of Diversified Origin. Int. ]. Biol. Biotechnol. 2016, 13, 385-392.

Franken, Y.; Nielsen, F. Plantation establishment and management. In The Jatropha Handbook-From Cultivation to Application (9-29);
FACT Foundation: Eindhoven, The Netherlands, 2010.

Mohapatra, S.; Panda, PK. Effects of fertilizer application on growth and yield of Jatropha curcas L. in an aeric tropaquept of
Eastern India. Not. Sci. Biol. 2011, 3, 95-100. [CrossRef]

Patolia, J.; Ghosh, A.; Chikara, J.; Chaudhary, D.; Parmar, D.; Bhuva, H. Response of Jatropha curcas grown on wasteland to N and
P fertilization. In Proceedings of the Expert seminar on Jatropha curcas L. Agronomy and Genetics, Wageningen, The Netherlands,
26-28 March 2007; pp. 26-28.

Duarah, I; Deka, M.; Saikia, N.; Deka Boruah, H. Phosphate solubilizers enhance NPK fertilizer use efficiency in rice and legume
cultivation. 3 Biotech 2011, 1, 227-238. [CrossRef]

Yan, L.; Sunoj, V.J.; Short, AW.; Lambers, H.; Elsheery, N.I; Kajita, T.; Wee, A.K.; Cao, K.F. Correlations between allocation to
foliar phosphorus fractions and maintenance of photosynthetic integrity in six mangrove populations as affected by chilling. New
Phytol. 2021, 232, 2267-2282. [CrossRef] [PubMed]

Hassanein, R.A.; Hussein, O.S.; Abdelkader, A.F,; Farag, I.A.; Hassan, Y.E.; Ibrahim, M. Metabolic activities and molecular
investigations of the ameliorative impact of some growth biostimulators on chilling-stressed coriander (Coriandrum sativum L.)
plant. BMC Plant Biol. 2021, 21, 361. [CrossRef]

Umami, N.; Abdiyansah, A.; Agus, A. Effects of different doses of NPK fertilization on growth and productivity of Cichorium
intybus. In Proceedings of the IOP Conference Series: Earth and Environmental Science, Moscow, Russia, 27 May—6 June 2019; p.
012097.

Goenadi, D. Pupuk dan Teknologi Pemupukan Berbasis Hayati Dari Cawan Petri ke Lahan Petani; Yayasan John Hi-Tech Idetama Jkt.:
Jakarta, Indonesia, 2006.

Suprihati, N.D. Soil chemical and mineralogical characteristics and its relationship with the fertilizers requirement for rice (Oriza
sativa), maize (Zea mays), and soybean (Glycine max). Bul. Agron 2005, 33, 40—47.

Hillel, D.; Hatfield, ].L. Encyclopedia of Soils in the Environment; Elsevier: Amsterdam, The Netherlands, 2005; Volume 3.

Fixen, P. Nutrient management following conservation reserve program. Better Crops 1996, 80, 16-19.

Lynch, J.; Lauchli, A.; Epstein, E. Vegetative growth of the common bean in response to phosphorus nutrition. Crop Sci. 1991, 31,
380-387. [CrossRef]

Khan, S.; Anwar, S.; Kuai, ].; Ullah, S.; Fahad, S.; Zhou, G. Optimization of nitrogen rate and planting density for improving yield,
nitrogen use efficiency, and lodging resistance in oilseed rape. Front. Plant Sci. 2017, 8, 532. [CrossRef]

Huang, C.; Wei, G.; Luo, Z; Xu, J.; Zhao, S.; Wang, L.; Jie, Y. Effects of nitrogen on ramie (Boehmeria nivea) hybrid and its parents
grown under field conditions. J. Agric. Sci. 2014, 6, 230. [CrossRef]


http://doi.org/10.1016/j.jplph.2012.04.014
http://doi.org/10.1111/j.1365-313X.2007.03250.x
http://doi.org/10.1111/j.1365-313X.2009.03836.x
http://www.ncbi.nlm.nih.gov/pubmed/19228336
http://doi.org/10.1111/tpj.13513
http://www.ncbi.nlm.nih.gov/pubmed/28218997
http://doi.org/10.1038/srep30258
http://www.ncbi.nlm.nih.gov/pubmed/27457585
http://doi.org/10.1590/2447-536x.v26i2.2100
http://doi.org/10.1111/j.1399-3054.1994.tb00404.x
http://doi.org/10.1071/PP9740031
http://doi.org/10.1104/pp.91.1.259
http://doi.org/10.1186/s12870-021-03106-2
http://doi.org/10.1017/S0960258513000408
http://doi.org/10.15835/nsb315497
http://doi.org/10.1007/s13205-011-0028-2
http://doi.org/10.1111/nph.17770
http://www.ncbi.nlm.nih.gov/pubmed/34610157
http://doi.org/10.1186/s12870-021-03021-6
http://doi.org/10.2135/cropsci1991.0011183X003100020031x
http://doi.org/10.3389/fpls.2017.00532
http://doi.org/10.5539/jas.v6n12p230

Plants 2022, 11, 3584 14 of 14

71.

72.

73.
74.

75.

Almazan, A.M.; Adeyeye, S.O. Fat and fatty acid concentrations in some green vegetables. |. Food Compos. Anal. 1998, 11, 375-380.
[CrossRef]

Paquot, C.; Hautfenne, A. Standard Methods for the Analysis of Oils, Fats and Derivatives; Blackwell Scientific Publications Oxford:
Hoboken, NJ, USA, 1987; Volume 73.

Latimer, G. Official Methods of Analysis of AOAC International; AOAC International: Rockville, MD, USA, 2016.

Mehre, H.K.; Dalheim, L.; Edvinsen, G.K.; Elvevoll, E.O.; Jensen, I.-J. Protein determination—Method matters. Foods 2018, 7, 5.
[CrossRef] [PubMed]

Marcel, A.; Bievenu, M.]J. Proximate, mineral and phytochemical analysis of the leaves of H. myriantha and Urera trinervis. Pak. ].
Biol. Sci. PJBS 2012, 15, 536-541. [CrossRef] [PubMed]


http://doi.org/10.1006/jfca.1998.0596
http://doi.org/10.3390/foods7010005
http://www.ncbi.nlm.nih.gov/pubmed/29301260
http://doi.org/10.3923/pjbs.2012.536.541
http://www.ncbi.nlm.nih.gov/pubmed/24191628

	Introduction 
	Results 
	Phytohormones and Fertilizer Enhances J. curcas Growth Vigor 
	Phytohormones and Fertilizer Treatment Promotes Leaf and Branch Number andStem Diameter 
	Phytohormones and Fertilizers Promote J. curcas Plant Growth by Regulating Proximate Compositions 

	Discussion 
	Materials and Methods 
	Experimental Design and Material Used 
	Parameters Studied 
	Proximate Composition Analysis 
	Soil Analysis 
	Statistical Analysis 

	Conclusions 
	References

