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Abstract 
The application of wild plants as rootstocks could help decrease biotic and abiotic stresses in cultivated crops, 
while stenting can reduce the cost and time needed for producing grafted seedlings. The aim of this study is 
to first examine stenting wild fig cutting rootstocks with cultivated fig scions, which were treated with 
benzyladenine or kinetin (100 and 200 mg L-1), coconut water (50% and 100%), or water as a control. Leaves 
of successfully grafted figs were analysed for chemical and mineral contents in the second experiment after 
exposition to NPK fertilizer (20-20-20 + TE) at 1 g L-1 in a greenhouse at 15-day intervals three times. 
Cytokinins and coconut treatments did not significantly impact stenting success percentage and other studied 
parameters. Stenting success was low and only observed at 100% of coconut water (6.67%) and 100 mg L-1 
of kinetin (3.33%). No influences of wild fig rootstocks on leaf chemicals were recorded. However, own-rooted 
cultivated figs exhibited a higher total phenol content (2.12 mg g-1) compared to wild fig rootstocks (1.31 mg g-

1). Wild fig rootstocks elevated leaf N (2.46%), Ca (1.54%), and Mg (0.28%) but declined Cl (0.17%). Stenting 
was successful but not at a high rate, and wild fig rootstock improved some nutrient status in cultivated figs. 
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Introduction 
The fig (Ficus carica) from the Moraceae family is native to the Middle East and Western Asia [11]. It 

is cultivated for edible fruits as fresh, dried, or processed forms, which contain many bioactive and 
phytochemical compounds [22]. Fig seedlings can be easily achieved from cuttings; therefore, own-rooted 
nursery seedlings are generally used for planting. Nonetheless, infection with ceratocystis, nematode 
presence, and soil sickness force the researcher to find appropriate rootstocks for cultivated fig [12]. In this 
regard, wild F. carica was proposed to be used as a potential rootstock for cultivated fig cultivars [26]. 
Additionally, [19] could propagate wild fig (F. carica) from seeds and stem cuttings and successfully budded 
them with cultivated fig scions. Wild varieties are well adjusted to marginal habitats and need fewer production 
inputs, and applying them as rootstock to cultivated varieties may decrease biotic and abiotic challenges faced 
by cultivars [1]. One of the techniques applied to achieve grafted seedlings is stenting, in which non-rooted 
rootstocks are grafted with compatible scions, and rooting and grafting union occur simultaneously [24]. The 
major benefit of this vegetative method is reducing the time needed to obtain grafted seedlings, which leads 
to a decline in the cost of production. Additionally, application of growth regulators like cytokinins to the base 
of the grafted scions was reported as a grafting success enhancer. However, the effect of using cytokinin on 
grafting union improvement is not universal and does not increase grafting success in all plants [10]. Moreover, 
studies support that a natural source of cytokinins is coconut water, and multiple cytokinins have been identified 
in coconut water using advanced chromatography and mass-spectrometry techniques [23]. Apart from these, 
the criteria on which a good rootstock is evaluated are increasing chemical and mineral compositions of the 
grafted scion. Absorption and translocation of water and minerals to grafted scions have been shown to be 
influenced by rootstocks. In an investigation, budding of vegetative and seedling fig rootstocks with the 
commercial fig cultivar ‘Sabz’ elevated macro- and micronutrients in the scion leaves under both conditions, 
field capacity and drought stress, with certain but not all rootstocks [13]. In the light of the above-mentioned 
realities, the current study aimed at investigating the stenting of cultivated fig onto cutting rootstocks of wild fig 
(F. carica) under different concentrations of cytokinins and coconut water. Besides, study the chemical and 
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mineral contents of cultivated fig leaf scions onto the rootstocks of wild fig. This study is the first attempt to 
graft figs by stenting and to study the effect of wild fig (F. carica) rootstocks on cultivated fig (F. carica) scions. 
 

Material and Method 
The study was conducted in two separate experiments at the College of Agricultural Engineering 

Sciences, University of Sulaimani, Sulaymaniyah City, Kurdistan Region, Iraq (35.538158° N, 45.365189° E, 
and 741 m above sea level).  

Experiment 1: Stenting 
Collecting wild fig stem cuttings 
Hardwood stem cuttings of wild fig were collected from the basal part of 1-year-old shoots from a single 

wild tree on February 22, 2025 (Figure 1). The cuttings were cut at about 22 cm with diameters of 0.8-1.1 cm. 
They were soaking in 1 g L-1 of 70% thiophanate methyl for 30 min. After that, they were put in polyethene 
bags and kept outdoor (2-5℃), and then they were brought to the laboratory early the next day to conduct 
stenting. 

 

 
Figure 1. The wild fig from which the cuttings were collected. 

 
Collecting cultivated fig scions and stenting 
In this experiment, scions were collected from 1-year-old shoots of a single cultivated fig tree with a 

length of about 7-10 cm. Stenting of cultivated fig (F. carica) scion was carried out onto cutting rootstocks of 
wild fig (F. carica) after treating 3 cm of the scion bases with 100 or 200 mg L-1 of benzyladenine and kinetin, 
coconut water at 50% and 100%, and water (control) for 10 seconds on February 23, 2025. The treated scions 
were grafted into the wild fig cuttings by the cleft grafting method and tightly wrapped with grafting tapes (Figure 
2). The grafted cuttings were treated with 500 ppm IBA, and then they were planted in polyethylene bags (10 
× 25 cm) filled with sand medium. The experiment was laid out in a randomized complete block design (RCBD) 
with three replicates, 10 grafted cuttings each. The grafted cuttings were covered with a polyethylene sheet as 
a tent until late April. The polyethylene sheet was removed in late April, and in late May they were covered 
with Saran shading net. Day and night temperatures during the study were presented in Figure 3. The grafted 
cuttings were irrigated and maintained, and results of the stenting were taken on July 6, 2025.  
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Figure 2. Stenting process from beginning of grafting till planting. 

 
 

 
Figure 3. Monthly average night and day temperatures at the site of the stenting process 

starting from February 23 till July 6, 2025. 
 

Experiment 2: Effect of wild fig rootstock on cultivated fig 
In this experiment, three own-rooted seedlings of cultivated fig and three seedlings of the same 

cultivated fig onto wild fig rootstock in sand medium, which were produced in experiment 1, were subjected to 
NPK fertilizer (20-20-20 + TE) at 1 g L-1 three times with a 15-day interval inside a greenhouse (18.7-37.6℃). 
Each seedling, whether it was a cultivated fig on its own roots or a cultivated fig onto grafted wild fig rootstock, 
represented a replicate, indicating that the experiment consisted of three replicates.  The fertilizer was added 
through the medium. After that, the leaves of cultivated figs of both own-rooted seedlings and cultivated figs 
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onto wild fig rootstocks were collected. Chemical contents were analyzed from the fresh leaves, and for 
analysis of nutrient elements, the leaves were dried at 70℃ and then ground. The experiment was laid out 
using a completely randomized design (CRD) with three replicates. Each replicate consisted of leaves of a 
single own-rooted cultivated fig seedling or cultivated fig seedling onto wild fig rootstocks. 

Chemical analysis  
Fresh leaves of cultivated figs from own-rooted seedlings and cultivated figs onto wild fig rootstocks 

were collected and ground in liquid nitrogen, then stored at -20℃ for analysis of chemical contents. The 
quantifications of biochemicals were conducted on three replications. 

 Chlorophylls  
The leave samples were weighed at 0.4 g and extracted in 1.4 mL of 90% acetone. After overnight, 

800 µL of the supernatant mixed with 4 mL of 90% acetone and read at 663 nm and 646 nm. The following 
formula [16] was used to find the concentration of chlorophyll a and b: 
Chlorophyll a = 12.25 × A663.2 − 2.79 × A646.8  
Chlorophyll b = 21.50 × A646.8 − 5.10 × A663.2 

Total proteins  
Total proteins were determined from 0.1 g of the leaf samples extracted in 400 µL of 0.1 M NaOH as 

described by [2]. The supernatant at 80 µL was mixed with 2 mL Bradford reagent and read at 595 nm. The 
standard curve was achieved from bovine serum albumin. 

Total carbohydrates 
Total carbohydrates were quantified in the phenol-sulfuric acid method [21]. The leaf samples at 0.2 g 

were extracted in 200 µL of 5% phenol, 3.6 mL of distilled water, and 1 mL of 98% H2SO4. Following heating 
at 60℃ and centrifugation, the supernatant was read at 490 nm. A glucose standard curve was used to find 
the concentrations. 

Soluble sugar  
The anthrone-sulfuric acid method was used in this quantification. It started by extracting 0.1 g of the 

leaf samples in 1 mL of distilled water in a water bath at 92℃ for 30 min. Finally, 25 µL of the supernatant was 
mixed with 2 mL of anthrone-sulfuric acid and read at 620 nm. The concentration was found against a glucose 
standard curve [9]. 

Starch  
Starch was quantified from 0.1 g of the leaf samples. The samples were extracted in ethanol at first, 

then the ethanol was discarded. Later, the leaf samples were extracted in 1.5 mL of water in a water bath at 
90℃ for 15 min. Finally, the supernatant at 1 mL was mixed with 2 mL iodine reagent. The absorbance was 
read at 590 nm, and the concentrations were found against a starch standard curve [15]. 

Total phenols and flavonoids 
In this method, 0.1 g of the leaf samples were extracted in 80% methanol overnight. From the 

supernatant, 40 µL for phenols and 150 µL for flavonoids were taken, and the quantification was continued 
according to [17]. The wavelengths used were 750 nm for phenols and 415 nm for flavonoids. Gallic acid and 
quercetin standard curves were applied for phenols and flavonoids, respectively. 

Total indoles  
Salkowski reagent was used for quantification of total indoles as described by [7, 18]. The leaf samples 

were weighted at 0.4 g and mixed with 1.5 mL of Salkowski reagent. After centrifugation, 0.5 mL of the 
supernatant was mixed with 1.5 mL of distilled water and read at 530 nm. The IAA standard curve was used 
to find the concentrations. 

Mineral analysis 
Mineral nutrients were determined in dried leaves (at 70℃) using the procedures described in detail 

by [4].  
Statistical analysis 
The data from experiments 1 and 2 were analyzed according to one-way ANOVA using the XLSTAT 

computer program. Duncan’s multiple range test (p ≤ 0.05) was used for comparison among means.  
 
Results and Discussion 
Experiment 1 
As indicated in Table 1, treatment of cultivated fig scions with cytokinins and coconut water at different 

concentrations reflected no significant influence on sprouting and stenting success percentages or other scion 
growth parameters, since all treatments shared the same letter (p ≤ 0.05). Sprouting percentages were 
recorded between 3.33% and 13.33%, which was the highest at 200 mg L-1 of benzyladenine. Stenting success 
percentages were hardly any and occurred only at 100% of coconut water (6.67%) and 100 mg L -1 of kinetin 
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(3.33%) (Figure 4), with successful graft union together with active growth. Similarly, [8] reported that grafting 
success is strongly associated with physiological compatibility and environmental factors rather than growth 
regulators alone. Additionally, the grafting method, rootstock age and status, scion quality, and the skill of the 
grafter directly influence the successful grafting process [25]. Furthermore, it was found that cytokinins like 
benzyladenine stimulate bud sprout and break but may not increase grafting success in all species [20]. Growth 
measurements, including sprout length, leaf number, leaf area, and shoot diameter, were found only in the 
scions of successful stentings that were treated with 100% of coconut water (0.83 cm, 0.83, 10.65 cm2, and 
1.28 mm) and kinetin at 100 mg L-1 (0.43 cm, 0.67, 3.98 cm2, and 1.26 mm), respectively. Cutting rootstock 
mortality was high across all treatments (46.67-66.67%), and mortality reached the highest at 200 mg L-1 of 
kinetin.  
 

Table 1. Impact of scion treatments with cytokinins and coconut water on the stenting process 

Treatments Sprouting% 
Stenting 

success% 

Sprout 
length 
(cm) 

Leaf 
No. 

Leaf 
area 
(cm2) 

Shoot 
diameter 

(mm) 

Rootstock 
death% 

Control 3.33 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 53.33 a 

Coconut 50% 6.67 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 46.67 a 

Coconut 100% 6.67 a 6.67 a 0.83 a 0.83 a 
10.65 

a 
1.28 a 46.67 a 

Kinetin 100 mg/L 10.00 a 3.33 a 0.43 a 0.67 a 3.98 a 1.26 a 53.33 a 

Kinetin 200 mg/L 6.67 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 66.67 a 

Benzyladenine 100 
mg/L 

3.33 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 53.33 a 

Benzyladenine 200 
mg/L 

13.33 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 50.00 a 

The same letter in the same column indicates no significant differences regarding Duncan’s multiple range 
test (p ≤ 0.05). 

 

 
 
Figure 4. Successful stentings (with successful graft union together with active growth). Left 

picture: treatment with 100 mg L-1 kinetin; middle and right pictures: treatment with 100% coconut 
water. 
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Experiment 2  
The results analyzed data in Figure 5 show that stenting cultivated fig onto wild fig cutting rootstocks 

resulted in insignificant impact on the majority of the measured leaf chemical compositions, as demonstrated 
by the identical Duncan’s multiple range test letters (p ≤ 0.05). Chlorophylls a and b, total proteins, total 
carbohydrates, soluble sugars, starch, total flavonoids, and total indoles were not significantly different in 
leaves of both own-rooted cultivated fig and cultivated fig grafted onto wild fig cutting rootstocks. However, 
slightly higher numerical values were found for chlorophylls, total proteins, total carbohydrates, and starch in 
leaves of grafted seedlings. On the contrary, own-rooted cultivated fig exhibited a higher total phenol content 
(2.12 mg g-1) compared to cultivated fig grafted onto wild fig cutting rootstocks (1.31 mg g-1). These findings 
were consistent with the results of other studies that found many leaf metabolites remain similar under non-
stress conditions of both grafted and non-grafted plants [5]. On the other hand, in other grafted fruits, it was 
documented that rootstock-scion interaction altered secondary metabolites, including phenolic levels [27]. 
Moreover, rootstock can change the level of secondary metabolism in leaves of scion through modifying 
nutrient and water uptake, hormone signaling, and related gene expression [6]. 

 

 
Figure 5. Effect of wild fig rootstock on chemical composition in the leaves of cultivated fig 

scion. Chl a: chlorophyll a, Chl b: chlorophyll b, TPr: total protein, TC: total carbohydrates, SS: 
soluble sugars, St: starch, TPC: total phenols content, TFC: total flavonoids content, TI: total indoles. 

The data represented mean ± standard error. The same letter on the same columns of a chemical 
indicates no significant differences regarding Duncan’s multiple range test (p ≤ 0.05). 

 
The data in Figure 6a explain that the application of wild fig rootstock for cultivated fig affected the 

nutrient element content of cultivated fig leaves. Stenting cultivated fig onto wild fig significantly elevated leaf 
N from 2.14% to 2.46%, Ca from 1.23% to 1.54%, and Mg from 0.26% to 0.28%. Whereas, no significant 
differences were detected between own-rooted cultivated fig and cultivated fig grafted onto wild fig cutting 
rootstocks in P, K, S, Na, and Fe. Contrarily, wild fig rootstocks decreased Cl in leaves of grafted cultivated fig 
scions (0.17%) in comparison to own-rooted cultivated fig (0.23%). In addition, the results in Figure 6b illustrate 
that wild fig cutting rootstocks insignificantly influenced some other nutrient elements in leaves of grafted 
cultivated fig scions depending on the fact that all measured nutrient elements shared the same letter within 
columns of each element (Duncan’s multiple range test at p ≤ 0.05). Besides, wild fig rootstock caused higher 
numerical values of Mn (44.4 µg g-1), Ni (93.5 µg g-1), and Co (72.75 µg g-1), but lower B (50 µg g-1), Cu (7.75 
µg g-1), and Zn (56.60 µg g-1) compared to own-rooted cultivated fig. Investigations on fig rootstocks have 
indicated that various rootstocks differed in the concentration of essential nutrients like N, P, K, Ca, and 
micronutrients in leaves of the scion, suggesting that under both normal and drought conditions, rootstock can 
impact nutrient absorption and translocation to the scion [14]. In other species, comparable results were also 
achieved, and rootstock could increase the level of variety of nutrients in the leaves of grafted scion [3]. 
Improving of nutrient uptake by rootstocks is likely due to differences in rootstock root architecture, nutrient 
acquisition potential, and root system function, including related gene expression and possession of highly 
efficient nutrient transporters [8]. 
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Figure 6. Effect of wild fig rootstock on some nutrient elements in the leaves of cultivated fig 
scion. a) N: nitrogen, P: phosphorus, K: potassium, S: sulfur, Ca: calcium, Mg: magnesium, Na: 

sodium, Cl: chloride, and Fe: iron. b) Mn: manganese, B: boron, Cu: copper, Zn: zinc, Ni: nickel, and 
Co: cobalt. The data represented mean ± standard error. The same letter on the same columns of a 

chemical indicates no significant differences regarding Duncan’s multiple range test (p ≤ 0.05). 
 
Conclusions 
Overall, application of cytokinins and coconut water to the bases of cultivated fig scions and stenting 

them onto wild fig cutting rootstocks did not significantly enhance sprouting and stenting success percentages 
or early growth of cultivated fig scions, which remained exceptionally low (3.33-6.67%) with high rootstock 
mortality (46.67-66.67%). In a few treatments, stenting success and post-stenting growth were recorded, 
suggesting limited practical advantages under the studied conditions. Largely, leaf chemical contents were 
unaffected by wild fig rootstock, despite own-rooted cultivated figs containing higher phenolic content (2.12 mg 
g-1). On the contrary, wild fig rootstocks improved nutrient status in some elements in the leaves of cultivated 
fig by elevating N (2.46%), Ca (1.54%), and Mg (0.28%) but declined Cl (0.17%). However, these were 
analyzed in a limited number of seedlings (three). For confirming the results of this study, we suggest 
conducting further study to increase the stenting success rate of wild fig rootstock for cultivated figs and to 
investigate how wild fig rootstocks influence the nutrient status of established cultivated fig trees. 
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