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ABSTRACT

This research aimed to explore the effects of three micronutrients (iron, zinc, and manganese) and two biofertilizers (Nitroxin and

Phosphate Barvar2) on the growth and yield of sponge gourd (Luffa cylindrica L.) at Taleb-Abad experimental station in%Anzali

Guilan Province, Iran, between 2019 and 2021. The experiment performed under a factorial design with randomizgd co
<

three replications, resulting in 16 treatment combinations. These combinations included two levels of inoculation
biofertilizers, and foliar sprays of Fe (FeSO4-xH20), Zn (ZnSO4-7H20) and Mn (MnSOa4-H:0) at concentrations
I1 respectively, 30 days after seedling transplanting. Parameters such as fruit length, diameter, weight, yielg ¢
fruit set percentage, flower ratio, and fruits per plant were measured. Results showed that both biofertilizer; SI
Nitroxin had more pronounced effects than Phosphate Barvar2 and individual micronutrients. Thedighest s e"gourd yield (18032 kg
ha't), fruit weight per plant (199.23 g), fruit number per plant (12.50) and fruit length (49.50 crv glach from the combination of
Nitroxin, Phosphate Barvar2, and iron, compared to 72, 48.17, 58 and 61.61% reduction respectivel control. Micronutrient applications
significantly enhanced growth and yield, with iron being the most effective, followed by zinc and mangahese. The experiment showed a
single Fe, Zn and Mn micronutrients application at concentrations of 600, 400 and 500 m notably improved fruit yield per plant by
28, 21 and 19% respectively, compared to the control.
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INTRODUCTION
Sponge gourd (Luffa cylindrica L.), a climbing annual pla % itaceae family, is widespread in tropical and

and 500 mg
Id per hectare,
ntly increased yield,

0 pla

subtropical regions [1,2]. It thrives in moderate areas with ho rs and frost-free periods, and an optimal pH of 6-6.8
[3-7]. Sponge gourd is known for its medicinal and nutritional prep€rties, serving as a source of carbohydrates, vitamins,
minerals, and vegetable protein [8-11]. The leaves, see % its of the sponge gourd are utilized for their antimicrobial,
anti-inflammatory, antifungal, antiparasitic, an i diabetic, antiprotozoan, and antioxidant properties [12-18].

The sponge gourd is a monoecious species whi 11 yield is largely influenced by the quantity of female flowers
produced [19]. The fundamental principle bgh al modification in cucurbits involves manipulating the flowering
sequence and adjusting the sex ratio, whi ically ranges from 25:1 to 15:1 in favor of male flowers [20-22].

The optimal growth and developmenta ratio of the sponge gourd depend on essential elements, categorized as
macronutrients and micronutrients baged%on their required concentrations [23]. Although micronutrients are needed in
smaller amounts, they are as im| t'&8 macronutrients for plant growth and yield [24]. Deficiencies in any of these

=

elements or imbalances amogg®he d to growth suppression or complete cessation of growth [25]. Micronutrients
serve multiple vital functiensWithiin plants, including acting as cofactors in enzymatic systems and participating in redox
reactions [26]. Natably, t%e integral to key physiological processes such as photosynthesis and respiration [27]. A lack
of these micronutr n 1mpede these essential functions, ultimately constraining potential yield improvements [28].
Furthermore, the con€entration and the method of application can substantially affect the sponge gourd growth, yield of fruit,
sex expression and flowering patterns [29]. These factors can lead to either a reduction in the number of male flowers or an
increase in the production of female flowers, ultimately influencing the overall yield [30].

Iron is vital for metabolic processes such as photosynthesis, respiration, and DNA synthesis in plants [3 1]. It also plays key
role in biological tasks as a component of important enzymes [32]. Zinc is essential for chloroplast enzyme systems and
carbohydrate production, with deficiencies leading to amino acid decay and reduced growth [33-35]. Manganese is involved

in photosynthetic proteins and enzymes, affecting various processes including enzyme activity and nutrient utilization [36].
Fertilizers, especially inorganic, are used to boost plant productivity and yield. However, while mineral fertilizers increase
production, they can also cause environmental and health issues [37]. Sustainable agriculture practices aim to reduce
environmental pollution, making the use of biofertilizers important [38]. Unlike chemical fertilizers, biofertilizers can fix
nitrogen, solubilize inorganic phosphorus, and release phytohormones to stimulate plant growth. Studies show biofertilizers
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enhance growth, essential oils, and chemical composition in medicinal plants, making them a viable alternative to inorganic
fertilizers [39].

This research aimed to assess the yield and components of sponge gourd when treated with foliar applications of
micronutrients (Fe, Zn, and Mn) and biofertilizers (Nitroxin and Phosphate Barvar2), either individually or in combination,
in northern Iran.

MATERIALS AND METHODS
This study was conducted at Taleb-Abad experimental station in Anzali Port City, Guilan Province, Iran, from 2019 to 2021.
The climate of experimental site is very humid, with an average annual temperature of 16.2°C and rainfall of 1819 mm.

Table 1 Experimental soil physico-chemical characteristics in Taleb Abad Experimental Station

Oo.C. TN Total N P K EC Soil

Location Latitude Longitude Elevation (m) %) (%) (mg kg (mgkgl)  (mgkg?) (ds m) p Texture
Taleb Abad
Experimental  37°.28 N 49°27T'E -22 2.2 22.95 700 12.57 102.45 0.6 6.09 Clay loam,
Station
The experiment was a factorial design with three factors in a randomized complete block with thre atments
included two levels of Nitroxin and Phosphate Barvar2 biofertilizers (inoculated and non-inoculate r levels of

micronutrients (control, iron, zinc, manganese). Sponge gourd seeds were prepared from the 1
Angzali Port City, northern Iran. Given that sponge gourd seeds germinate slowly [40], increasin 1 erability to weeds
[41] and soil pests [42], a nursery bed was prepared in the greenhouse at Shahed Unive %I college. To improve
seedling establishment and facilitate planting, particularly for medium vigor seeds like ge gourd, the seed coats were
scraped, soaked in hot water (45-55°C) for 20 minutes, followed by warm water (30°C) for ours before sowing [43]. On
February 25th, 2019, seeds were sown in the greenhouse.

After six weeks, seedlings about 15 cm tall with 4-5 true leaves and 1.1ealt
experimental plots. Phosphate Barvar2 and Nitroxin biofertilizers separate

s were selected for transplanting into
ogether were mixed in water solution
[anting on April 25, 2020. Vertical trellising

and applied to the seedling roots for about 10 minutes in the shade before
was used to reduce fruit damage and ease management.

Field preparation involved ploughing to a depth of 30 cm in
May. The area of each plot was 15 square meters (Smx5m) wit
of 5 cm.
As the nutrient demand peak of annuals crops such as.s ourd is at the phase of vegetative development, micronutrient
foliar sprays of Fe (FeSOa4'xH20), Zn (ZnSO4 20 a{MnSQO4-H-0) all as sulfate forms were applied 30 days post-

o |'! ré§pectively, in the early morning.
General fertilizer (NPK) requirements for s 0% purd suitable growth were 110 kg ha™! urea (46%N), 90 kg ha’

diammonium phosphate (46% P,Os and 50 kg ha'! potassium sulfate (50% K>0 and 17.5% S). A 55 kilograms
of urea per hectare, representing half itrogen requirement, along with the entirety of the phosphate and potash

er,019, followed by disc, rotavator, and leveling until
acing of 120 cm and 170 cm between rows, at a depth

fertilizers, were applied prior to pla

of plant growth. Irrigation was e, 1
irrigations.

Sponge gourd growth be@ términate, was harvested multiple times when the external coloration shifts from green to
th

he remaining nitrogen was subsequently applied as a side-dressing at the onset
ediately after sponge gourd transplanting with a 7-day interval, totaling 7-8

shades of brown or yellowish-brown, 120 days after transplanting. Harvesting on August 25, 2020, involved biometric
measurements, inc umber of fruits per plant, fruit length, fruit diameter, fruit weight, yield per plant, yield per
hectare, 100 seed weght, number of seeds per fruit, male to female flower ratio, and fruit set percentage. These observations
were collected from #ive randomly selected plants at the time of harvest in each treatment. The fresh fruit weight was
measured for each individual fruit and for each sample plant in separate treatments. This involved weighing the fresh fruit
collected from all sampled plants. The number of fruits per sample plant was recorded over a total of six observations by

counting the fruits harvested from all sampled plants across these six harvests. Overall Following the completion of the
harvest from the entire plot, the total weight of the fruits was recorded to assess yield. Subsequent calculations were
conducted to determine the yield for each harvest, standardizing to a plot area of 5 m x 5 m, as well as converting the results
to yield per hectare. To assess sexual expression by quantifying the number of male and female flowers per vine and
calculating the resultant sex ratio. The differentiation between female and male flowers is characterized by the presence of
a swollen ovary at the distal end of the stalk in female flowers. The data were subsequently analyzed statistically using SAS
software [44], and mean comparison was performed using the LSD method.

RESULTS



Experimental results showed a 100% survival rate for transplanted sponge gourd seedlings. All measured traits were
significantly affected by biofertilizers and micronutrients (Table 2). The analysis of variance revealed that the simple as well
as the two- and three-way interactions among the three factors exhibited statistical significance across all traits (Table 2).
Notably, the three-way interactions involving Nitroxin, Phosphate Barvar2, and micronutrients were found to be significant
through the LSD test. Consequently, this significance led to the exclusion of consideration for the simple and two-way
interactions. (Table 2). All the measured traits were uniformly improved by application of biofertilizers and micronutrients
(Table 3).

Number of Fruits per Plant

The number of fruits per plant was significantly (p<0.01) affected by the application of different biofertilizers and
micronutrients (Table 1). The highest and lowest fruits numbers with values 12.5 and 5.25 were obtained in combination of
(N, P and Fe), and control, respectively (Table 3). The sponge gourd treated with Fe fertilizer produced more fruits per plant
(6.85) than Zn (6.35) and Mn (6.21) treatments. Results showed that Nitroxin biofertilizer produced more fruit per plant
(7.15) than Phosphate Barvar2 (7.08) (Table 3).

Fruit Length (cm)
A significant increase was observed in fruit length after the Nitroxin, Phosphate Barvar2 and micrcmutri
(Table 2). The sponge gourd size is important to luffs product manufacturers and determines whagyprodu
from a particular sponge. Fe, Zn and Mn significantly increased fruit length by 29, 24, and 23% respecti
highest sponge gourd fruit length (cm) was obtained in combination of Nitroxin, Phosphat

treatment (49 cm) compared with the lowest in control (19 cm) (Table 3). %

Fruit Diameter (cm)

Fruit diameter (cm) mean by using Fe, Zn, Mn, Nitroxin and Phosphate Barvar2 fertilizers thgatments were 13.4, 11.93, 9.14,
17.98 and 23.64% higher than control respectively (Table 3). The highest fruit diameter obtained at combination of
Nitroxin, Phosphate Barvar2 and Fe fertilizers treatment (13.05 cm) compared to owvest value 7.75 cm in control (Table
3). °

Fe fertilizers

Fruit Weight (g)

Experimental results showed that micronutrients, Nitroxin and Phos r2 fertilizers and interaction between them
did have a significant influence on the sponge gourd fruit we he greatest fruit weight (384.45 g) was noted
in combination of Nitroxin, Phosphate Barvar2 and Fe fertiliz8 ent compared with 199.23 in control (Table 3). There
were 14, 9 and 4% increases in the fruit weight (g) by using Fe, Zm.and Mn micronutrients compare with control (Table 3).

Fruit Yield per Plant

Results showed that the combination of NitroxifyPhosphat€*Barvar2 and Fe fertilizers treatment produced maximum (3680
g) fruit yield per plant as compared to the lowes e of 1046 g in control (Table 3). There were 28, 21 and 19% increases
in fruit yield per plant by using Fe, Zn and utrients application, respectively. Nitroxin and Phosphate2 at single
application had increased the fruit yield r%by 38 and 32% respectively, compared to the control (Table 3).

Fruit Yield (kg ha™)

Interaction of Nitroxin, Phosphat¢Barv. nd Fe fertilizers produced maximum (18032 kg ha?) total yield of sponge gourd
as compared to control (5125 F%\/he s in the case of application of Fe, Zn and Mn micronutrients, the sponge gourd
total yield was determin 0,)6482 and 6301 kg ha? respectively. Results showed that both Nitroxin and Phosphate
Barvar2 biofertilizers praduceymore fruit yield than micronutrients fertilizer (Table 3).

Seed Number p 100 Seed Weight ()

The biggest seed per fruit was obtained in both micronutrients and biofertilizer treatments compared with control (Table 3).
The highest (474.13) seed number per fruit was obtained at the Nitroxin, Phosphate Barvar2 and Fe fertilizers treatment and
the lowest (265) at the control. Similar results were found for 100 seed weight (g) with higher and lower values of 15.5 and
9.3 g in combination of Nitroxin, Phosphate Barvar2 and Fe fertilizers treatment and control respectively (Table 3).

Male and Female Flower Ratio and Fruit set (%)

In the initial phases of flowering, the majority of blossoms produced are typically male. Following this stage, female flowers
begin to develop concurrently with male flowers after a few days, allowing for pollination to occur. Female flowers can be
distinguished from their male counterparts by the presence of a swollen ovary at the base of the stalk.

The combination of micronutrients and biofertilizers significantly decreased the male and female flower number ratio
compared to control (Table 3). The maximum and minimum male and female flower ratio was measured in control (8.25)
and the combination of Nitroxin, Phosphate Barvar2 and Fe fertilizers treatment (3.50) respectively (Table 3). On the
contrary, the highest value of fruit set (%) was produced at the Nitroxin, Phosphate Barvar2 and Fe fertilizers treatment



(74.5%) compared with the lowest in control (41%). The combination of Nitroxin, Phosphate Barvar2 and Fe fertilizers and
control treatments recorded the highest and the lowest average of 45 and 16 female flowers per vine respectively. In contrast,
the highest male flower (340) was measured in control, compare to 199 in the combination of Nitroxin, Phosphate Barvar2

and Fe fertilizers treatment (Table 3)



Tabel 2 Analysis of variance for morphological traits and yield components of the sponge gourd under different micronutrients (Fe, Zn and Mn) and Nitroxin and Phosphate Barvar2 biofertilizers

Mean squares (MS)

SOV . Fruit Fruit L Fruit Yield per Fruit 100 Seed Seed per Male & female .
DF Fruits per plant length diameter Fruit weight plant Yield weight fruit flower ratio Fruit set
Block 2 258.067 0.0001 0.068 0.008 1679.5 3074 0.09 0.001 1568.5 0.07
Nitroxin (N) 1 862081 ** 0.0940 ** 184,59 ** 0.008 ** 209686 ** 2418 **  0.64 ** 0.33 ** 21168 ** 193.59 **
P Barvar2 (P) 1 1053.6 ** 0.0075 ** 65.02 ** 0.023 * 138336 ** 4936 ** 1.04 ** 0.11 ** 14633 ** 69.08 **
Micronutrients (M) 3 3407.35 ** 0.0248 ** 31.67 ** 0.115 *=* 80687 ** 7342 ** 53,29 ** 0.43 ** 83487 ** 36.76 **
NxP 1 816.6** 0.0487 ** 4.34 ** 0.092 ** 51568 ** 1676 ** 240 ** 0.03 * 55668 ** 5.43 *
NxM 3 19598 ** 0.0058 ** 13.93 ** 0.092 ** 3447 ** 8270 ** 2.38 ** 0.041 ** 3687 ** 16.85 **
PxU 3 66.3* 0.0011 ** 3.26 ** 0.021 ** 3246 ** 359 ** 8.15 ** 0.02 ** 3196 ** 5.45 *
NxPxM 3 646** 0.0013 ** 4.596 ** 0.021 ** 2135 ** 282 ** 1.58 ** 0.01* 1272 ** 7.57 **
Error 30 634 0.0002 4.596 0.003 124 156 0.06 0.007 119 5.26
CV (%) 2.28 4.9 0.07 1.42 2.36 2.47 1.22 3.67 1.96 0.09
ns, * and **: non-Significant, significant at 5% and 1% probability levels, respectively
Table 3 Mean comparison of yield and yield components of sponge gourd under different micronutrients (Fe, Zn@and mn and Phosphate Barvar2 biofertilizers
Nitroxin P-Barvar2 Micronutrients Fruits Fruit Fruit Fruit 7 Fruit 100Seed Seed Male/female Fruit
No/plant Length (cm) Diameter (cm) Weight.(9) g/plant  Yieldkgha'  Weight(g)  No/fruit Flower ratio Set (%)
Control 525a 19.00 a 7.75a 199.23 ¢ 46 a 5125a 9.30a 265.00 a 8.25a 410a
PO Fe 6.85b 26.15 bc 8.95 bc 231. 1445b 7080 b 10.60c 298.75 bc 6.11b 50.5 bc
Zn 6.35¢ 2490 b 8.80 bc A4 1323 ¢ 6482 ¢ 10.25 be 276.23 b 6.45 bc 49.0 bd
NO Mn 6.21c 24.75b 8.53 b 13d 1286 ¢ 6301 c 10.00 b 280.13 b 6.7 6¢ 48.5 bd
Control 7.08d 30.95 cd 9.45 be 21733 b 1539d 7541d 11.40d 293.11 be 5.44d 51.0 bc
P1 Fe 8.10 e 34.35 de 10.55d % 249.78 d 1967 f 9638 e 11.75d eg 315.67 ¢ 485e 55. Oce
Zn 7.95¢e 32.70d fo.5 238.16 b 1877 ef 9197 f 11.50d 310.50 ¢ 5.15 df 54.0c
Mn 790 e 33.65d 229.37e 1812 ¢ 8879 f 11.45d 308.21¢c 5.20 defh 54.0c
Control 7.15d 32.25¢d 235.17 e 1681d 8236 ¢ 11.35e 31754 ¢ 4.23 gh 53.0cd
PO Fe 8.95 f 37.75 45e 263.83 e 22179 10863 h 1290 f 377.23 df 3.99¢g 59.0 eg
Zn 8.75 f 35.32'de 11.30e 254.67 f 2140 gh 10486 h 11.85¢g 359.11 de 413¢g 57.0 ce
N1 Mn 8.35 ef 34.18 de 11.25e 243.42 f 2007 h 9834 e 11.60 de 346.77 de 4.55h 56.0 ce
Control 10.2 @ 12.15f 298.23 ¢ 2667 i 13068 i 13.35h 399.15 f 3.85¢g 60.5 eg
P1 Fe 12.50 0 f 13.05¢ 384.45h 3680 j 18032 j 15501 47413 h 3501 745 f
Zn 11.75 44,65 f 1245 f 345.67 i 3333k 16331 k 14.65 432.19 hi 3.68i 68.2 i
Mn R l@i 47.59 af 12.33 f 319.21¢g 3211k 157331 14.15]j 421111 3.71i 63509

Means in each column followed by similar IW not significantly different at 5% probability level, using LSD Test.

X Q»QR



DISCUSSION

This experiment highlights the significant role of combining micronutrients and biofertilizers in enhancing the growth
attributes of the sponge gourd. The findings underscore that biofertilizers, when used alongside micronutrients, serve as an
effective alternative to inorganic fertilizers, promoting enhanced growth and increased yield while mitigating environmental
damage [45,46]. By promoting soil microbial activity, biofertilizers can improve crop yield and quality, presenting a cost-
effective and eco-friendly option compared to traditional inorganic fertilizers [47].

Biofertilizers like Nitroxin and Phosphate Barvar2, which contain nitrogen and phosphate-solubilizing bacteria, are
particularly effective in enhancing crop production efficiency [48]. Studies by Azimi et al. [39] and Abou-Zeid et al. [49]
support the significant positive impact of these biofertilizers on crop yield. Additionally, Oboh and Aluyor [10] observed
that the application of both nitrogen (N) and phosphorus (P) biofertilizers enhances the absorption of nutrients by roots,
resulting in improved yield characteristics. They concluded that under the effect of single and combined application of N
and P biofertilizers which induced the uptake ability of the roots to nutrients and positive increase in the yield parameters
because of improving the root system.

Research conducted by Jose et al. [50] and Din et al. [51] supports these findings, suggesting that the application of

biofertilizers promotes plant photosynthesis and contributes to increased dry matter accumulation, ulti lyaleading to
enhanced biomass production. This increase in carbohydrate storage post-inoculation with biofertilize‘s su enhanced

growth, as observed by Kameswari and Narayanamma [46] in sponge gourd. %
The combined application of N and P biofertilizers with micronutrients showed superior ﬁew and vyield

components and the number of female flowers compared to control and single applications [5 is Synergistic effect

is likely due to positive interactions between microorganisms in biofertilizers and micronutrients; to improved yield
components [54-56]. As in this study, Kumar and Rao [20], Pandy and Dixit [21] a 8g.alN[22] reported that the
application of micronutrients had promote the number of female flowers by accumulation otosynthesis in Cucurbitaceae
family.

Among the micronutrients tested, Fe treatment resulted in the highest yield co ents in sponge gourds, likely due to
enhanced photosynthesis and vegetative growth [57]. Similarly, Zn wasmore n%than Mn, particularly in increasing

leaf concentrations during various growth stages [55,58]. This correspands fingings by Kameswari and Narayanamma
[46] who reported improvements in fruit diameter, seed weight, ar% t under biofertilizer and micronutrient
treatment. In contrast, the lowest number of total fruits, fruit diameter,“¢00yseed weight (g) and seed per fruit of sponge
gourds were observed in control and Mn treatment applicatiof studiés agree with this research finding [59,60] which
limits of nutrient availability restricted the sponge gourds grow
Research by Rabbani et al. [61] supports the observation that in d vegetative growth under combined biofertilizer and

Fe treatment leads to higher fruit yield. This aligns% ies by Oboh and Aluyor [10] who found that chemical and
ar tr

biofertilizers enhance vegetative growth and Ageld i e gourds. Partap et al. [11] also reported improved yield
components like fruit number and weight under tments.

The results suggest that integrating biofertilize micronutrients promotes carbohydrate storage in fruits, enhancing
yield [62,63]. Studies by Choudhary [7] ukesh et al. [59] agree that integrated nutrient management (INM) is vital for
sustainable soil fertility and crop produgti cient fertilizer use through INM is crucial for economic and environmental
sustainability [64].

The experiment confirms that ccm icronutrients and biofertilizers significantly increases sponge gourd vyield, as
supported by studies by Ku a 0 [20] and Demir et al. [64]. These findings are consistent with research on other
Cucurbitaceae family m r(%wre combined organic and inorganic fertilizers enhance yield, quality, and production

[65,66].
CONCLUSION ; )
The application of miCronutrients, particularly Fe, followed by Zn and Mn, significantly increases the growth and yield of

sponge gourds [22,63]. This study confirms the critical role of biofertilizers and in increasing crop yield by using
micronutrients such as Fe, Zn and Mn at concentrations at 600, 400, and 500 mg I-* respectively, 30 days after planting. The
findings suggest that using both biofertilizers and micronutrients effectively replaces inorganic fertilizers, enhancing growth
and quality while preserving the environment. Further research on the response of sponge gourd and other medicinal plants
to different biofertilizers is recommended. The results indicate that combining organic and inorganic fertilizers can halve
the consumption of chemical fertilizers, improving plant growth, quality, and environmental sustainability.

ACKNOWLEDGMENTS
The author is grateful to the Agricultural Department of Shahed University for providing the opportunity to accomplish our
research work.

CONFLICT OF INTEREST



The authors declare that there are no conflicts of interest regarding the publication of this manuscript.

REFERENCES
1. Davis J.M. Commercial luffa sponge gourd production. Horticulture, Information Leaflet, NC State University. 1997.

2. Wehner T.C., Ellington T.L. Vegetable cultivar descriptions for North America, list 24, Gourd-Luffa Sponge. Horticultural Science.
1999; 34:800.

3. Purseglove J.W. Tropical Crops: Dicotyledons, Longman Group, London, UK. 1976.

4. Omini M.E., Hossain M.G. Modification of sex expression in sponge gourd (Luffa cylindrica L. Roem) by mineral nutrient treatments.
Genetica. 1987; 74:203-209.

5. Davis J.M., DeCourley C.D. Luffa sponge gourds: a potential crop for small farms. In: New Crops. Pp: 560-561. J. Janick and J.E.
Simon (eds.). Wiley, New York, USA. 1993.

6. Davis J.M. Luffa sponge gourd production practices for temperate climates. Horticultural Science. 1994; 29:263-266.

7. Choudhry D., Sharma K.C. Studies on variability, heritability, genetic advances and correlation in ridge gourd (Luffa acutangula L.
Roxb.). The Horticulture Journal. 2002; 15(3):53-58.

8. Lung A.R. Fruit yield and quality of ridge gourd (Luffa acutangula (L) Roxb) as influenced by plant density and varietal differences as
ascertained by isozyme analysis. M.Sc. Thesis, Faculty of Agriculture, University of Nairobi, Kenya. 1993.
9.Tavares J., Israel N.H., Rui O., Wilton S.L., Valderi D.L. Nitrification in a submerged attached growth bioreactor usin
as solid substrate. African Journal of Biotechnology. 2008; 7(15):2702-2706. °
10. Oboh 1.0., Aluyor E.O. Luffa cylindrica-an emerging cash crop. African Journal of Agricultural Research. N

11.Partap S., Kumar A., Sharma N.K., Jha K.K. Luffa cylindrica: An important medicinal plant. Journa%

Resources. 2012; 2:127-134.

12. Porterfield W. Loofah: the sponge gourd. Economic Botany. 1955; 9:211-223.

13. El-Fiky FK., Abou-Karam M.A., Afify E.A. Effect of Luffa aegyptiaca (seeds) and Cariss (leavgs
level of normal and streptozotocin diabetic rats. Journal of Ethnopharmacology. 1996; 50:43-7.

14. Bal, K.J., Hari B.K.C. Radha K.T., Madhusudan G., Bhuwon R.S., Madhusudan P.U. Descriptors ponge Gourd [Luffa cylindrica
(L.) Roem.] NARC, LIBIRD & IPGRI, 2004.

15. Palombo E.A. Phytochemicals from traditional medicinal plants used in the treatsn%rrhea Modes of action and effects on
C

tracts on blood glucose

intestinal function. Phytotherapy Research. 2006; 20:717-724. e

16. Yushau M., Aliyu H.M., Kumurya A.S., Suleiman K. Prevalence of Exten Lactamases among Enterobacteriaceae in
Murtala Mohammed Specialist Hospital, Kano, Nigeria. Bayero Journal of P n ed Sciences. 2010; 3:169-172.

17. Muthumani P., Meera R., Mary S. Phytochemical screening and gaiiginf , bronchodilator and antimicrobial activities of the

ical Sciences. 2010; 1(4):11-22.
ities of L. cylindrica leaves extract. Research Journal of

18. Mankilik M., Mikailu A. Phytochemical content and antimicro
Pharmacy and Technology. 2014; 1(1):1-4.
19. Patel H.B., Kakade D.K., Tomar R.S., Kulkarni G.U., 3.G., Deshmukh N.A., Sharma S.J., Patel C.D. Effect of plant growth
regulators on sex expression and yield of sponge gourd [Luffa
2010; 4(2):408-410.

20. Kumar S.B., Rao R.M. Effect of certain plant g ulators and nutrients on growth, sex expression and yield in ridge gourd.
South Indian Horticulture. 1988; 36(6):336-339.

21. Pandya M.B., Dixit C.K. Effect of plant \/%Jlators on bottle gourd [Lagenaria siceraria (Mol.) Stand] cv. Journal of Applied
Horticulture. 1997; 3(1&2):105-111.
22. Sharma N.K., Arora S.K., Dhank
bottle gourd [Lagenaria siceraria (Mgk.
23. Ballabh, K., RanaD.K., Ra .S

ect on plant growth substances on growth flowering, sex expression and fruit yield in
cv. Haryana Agricultural University Journal of Research. 1988; 18(4):291-297.
foliar application of micronutrients on growth, yield and quality of onion. Indian Journal

of Horticulture. 2013; 70(2):260-

24.Zuo Y., Zhang E. Soil a@o management strategies to prevent iron deficiency in crops. Plant and Soil. 2011; 339:83-95.

25. Dongre S.M., M r VIRE Joshi P.S., Deo D.D. Effects of micronutrient spray on yield and quality of chili (Capsicum annum L.)
var Jayanti. Agricultu ce Digest. 2000; 20(2):106-107.

26. Mortvedt J. Needs ontrolled-availability micronutrient fertilizers. Fertilizer research. 1994; 38(3):213-221.

27. Karthick, R., Rajalingam G.V., Praneetha S., Sujatha K.B. Arumugam T. Effect of micronutrients on growth, flowering and yield of
bitter gourd (Momordica charantia). International Journal of Chemical Studies. 2018; 6(1):845-848.

28. Trivedi A., Dhuma K.N. Effect of Micronutrients, Growth Regulators and Organic Manures on Yield, Biochemical and Mineral
Component of Onion (Allium cepa L.) Grown in Vertisols. International Journal of Current Microbiology and Applied Sciences. 2017;
6(5):1759-1771.

29. Das R., Mandal A.R., Priya A., Das S.P., Kabiraj J. Evaluation of integrated nutrient management on the performance of bottle gourd.
Journal of Applied and Natural Science. 2015; 7(1):18-25.

30. Arisha, H.M., Bradisi A. Effect of mineral fertilizers and organic fertilizers on growth, yield and quality of potato under sandy soil
conditions. Journal of Agricultural Science. 1999; 26:391-405.

31. Samaranayake P., Peiris B.D., Dssanayake S. Effect of excessive ferrous (Fe2*) on growth and iron content in rice (Oryza sativa).
Iranian Journal of Animal Biosystematics. 2012; 14:296-298.


https://www.cabi.org/isc/abstract/19940306733
https://www.cabi.org/isc/abstract/19560300829

32. Hansch R., Mendel R.R. Physiological functions of mineral micronutrients (Cu, Zn, Mn, Fe, Ni, Mo, B, Cl). Current Opinion in Plant
Biology. 2009; 12:259-266.

33. Sharma A., Patni B., Shankhdhar D., Shankhdhar S. Zinc—An Indispensable Micronutrient. Physiology and molecular biology of
plants. 2013; 19(1):11-20.

34. Kaya C., Higgs D. Response of tomato (Lycopersicon esculentum L.) cultivars to foliar application of zinc when grown in sand culture
at low zinc. Scientia Horticulturae. 2002; 93:53-64.

35. Cakmak, I. Enrichment of Cereal Grains with Zinc: Agronomic or Genetic Biofortification? Plant Soil. 2008; 302:1-17.

36. Soltangheisi A., Abdul Rahman Z., Hanafi F.1., Musa M., Zakikhani H. Interaction Effects of Zinc and Manganese on Growth, Uptake
Response and Chlorophyll Content of Sweet Corn (Zea mays var. saccharata). Asian journal of plant science. 2014; 13:26-33.

37. El-Ghadban E.A.E., Shalan M.N., Abdel-Latif A.T.A. Influence of biofertilizers on growth, volatile oil yield and constituents of fennel
(Foeniculum vulgare Mill.). Egyptian Journal of Agricultural Research. 2006; 84:977-992.

38. Vessey J.K. Plant growth promoting rhizobacteria as biofertilizers. Plant Soil. 2003; 255(2):571-586.

39. Azimi S.M., Farnia A., Shaban M., Lak M. Effect of different biofertilizers on seed yield of barley (Hurdeum vulgare L.), Bahman
cultivar. International Journal of Advanced Biological and Biomedical Research. 2013; (5):538-546.

40. Todd C. Wehner T.C., Ellington T.L. Seed Treatment Effects on Emergence of Luffa Sponge Gourd. Cucurbit Genetics Cooperative
Report. 1997; 20:63-64.

41. Malik 1.J., Ellington T.L., Wehner T.C. Sanders D.C. Seed treatment effects on emergence of Luffa sponge gourd. iL Genetics

Cooperative Report. 2001; 24:107-109. °

42. Heneidak S., Khalik K.A. Seed coat diversity in some tribes of Cucurbitaceae: implications for taxonomy S % ification.
Acta Botanica Brasilica. 2015; 29(1):129-142.

43. Suryapal S., Narender K., Harshita S., Sunil K., Satbir J. Effect of hot water treatment of seeds on seed q ameters and seedling
growth parameters in bell pepper (Capsicum annuum). Indian journal of agricultural sciences. 2019; 89(1):

44. SAS Institute. JMP statistics and graphics guide. SAS Institute Inc., Cary, NC. 2002. %

45. Sujatha D., Chithakari R., Raghuvardhan L., Prasad B., Khan R.G., Sadanandam A., Reube In vitr@ plantlet regeneration and
genetic transformation of sponge gourd (Luffa cylindrica L.). African journal of plant science. 2013;
46. Kameswari P.L., Narayanamma M., Ahmed S.R., Chaturvedi A. Influence of integrate: nutrient

6):244-252.

nagement in ridge gourd (Luffa
acutangula L.). Vegetable Science. 2011; 38(2):209-211.

47. Tahmasbi D., Zarghami R., Azghandi A.V., Chaichi M. Effects of nanosilversand
of potato mini tubers. International Journal of Agriculture and Biosciences. 200; 18;
48. Kumar, V., Singh V.K., Teena R. Effect of integrated nutrient management
Environment & Ecology. 2012; 30(4A):1410-1412.

49. Abou-Zeid E.N., Aly M.S., Naguib Y.N. Hussein A.H. Effect
Dill (Anethum graveolens L.). Plants. 2007; 70(3):543-549.

50. Jose D., Shanmugavelu K.G., Thamburaj S. Studies on the efficieg
Journal of Horticulture. 1988; 45:100-103.

51. Din M.A., Meryem T., Azeem M., Saeed H.M. Effe o@ on various growth and yield parameters of tomatoes. Journal of
Agriculture and Biological Sciences. 2005; 42(6):66¢
52. Sareedhar P., Anburani A., Samruban J. Influencg
Ajex Hybrid. Vegetable Science. 2006; (33):196-497.
53. Rahman M.M., Sarker M.A.M., Hasina A ' .A. Role of some indigenous substances as organic fertilizers on the growth and
yield of brinjal plants. Bangladesh. Journal@ x & Industrial Research. 1998; 33(2):275-281.

54. Naguib N.Y.M. Organic vs chemica Q on of medicinal plants: a concise review of researches. Advances in Environmental
Biology. 2011; 5(2):394-400.
55. Rawashdeh H.M., Florin S.
International Journal of Agricul

imbigfertilizer on yield and yield components

of organic vs. inorganic form of nitrogen in brinjal. Indian

integrated nutrient management on growth of gherkin (Cucumis sativus L.) cv.

ar D.P., Hunje R. Influence of method of trailing and fertilizer levels on seed yield of ridge gourd
(Luffa acutangula L taka. Journal of agricultural science. 2009; 22(1):47-52.

57. Shah P.S., Nabi M., Hussain S., Jan J.A. Performance of sponge gourd cultivars under organic and inorganic fertilizer
regimes. Sarhad Journalof Agriculture. 2020; 36(2):478-488.

58. Phan T.T., Truong H.T.H., Nguyen S.C.H., Nguyen T.T.T., Tran T.V. Evaluation of Promising Sponge Gourd (Luffa cylindrica)
Accessions in Summer-Autumn Season 2014 in Thua Thien Hue. Journal of science. 2015; 5:(1)508-514.

59. Mukesh N., Soni A.K., Sarolia D.K. Effect of organic manures and different levels of NPK on growth and yield of bottle gourd.
International Journal of Current Microbiology and Applied Sciences. 2017; 6(5):1776-1780.

60. Okusanya O.T., Ola Adams B.A., Bamidele J.F. Variation in size, leaf morphology and fruit characters among 25 populations of Luffa
aegyptica. Canadian Journal of Botany. 1981; 59:2618-2627.

61. Rabbani M.G., Naher M.J. Hoque S. Variability, character association and diversity analysis of ridge gourd (Luffa acutangula Roxb.)
genotypes of Bangladesh. Sarhad Journal of Agriculture. 2012; 10(2):1-10.

62. Eifediyi E.K., Remison S.U. Growth and yield of cucumber (Cucumis sativus L.) as influenced by farmyard manure and inorganic
fertilizer. J. Plant Breed. Crop Science. 2010; 2(7):216-220.

63. Thriveni V., Mishra H.N., Pattanayak S.K., Sahoo G.S., Thomson T. Effect of inorganic, organic fertilizers and biofertilizers on
growth, flowering, yield and quality attributes of bitter gourd, Momordica charantia L. International journal of farm sciences. 2015;
5(1):24-29.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24381434
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patni%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24381434
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shankhdhar%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24381434
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shankhdhar%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=24381434
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550680/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550680/

64. Demir H., Top A., Balkdse D., Ulkii S. Dye adsorption behavior of Luffa cylindrica fibers. Journal of Hazardous Mmaterials. 2008;

153:389-94.
65. Du Q., Cui H. A New Flavones Glycoside from the Fruits of Luffa cylindrica.” Fitoterapia. 2007; 78:609-10.
66. Du Q., Jerg G., Winterhalter P., Zhao Y., Xu Y., Li L. Antioxidant constituents in the fruits of Luffa cylindrica (L.) Roem. Journal of

Agricultural and Food Chemistry. 2006; 54:4186-4190.



