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Abstract: The present investigation was undertaken with the main objective of evaluating the effect of
IPNS and foliar nutrition on soil nutrient availability, uptake and fruit yield of okra COBhH - 4. The
thirteen treatments comprising of STCR-IPNS / 100 % N through FYM in alone / in combination with
Micronutrients, Moringa leaf extract and Aloe vera leaf extract and Amino acids. The highest fruit
yield of 24.24 t ha™ was recorded by the application of STCR - IPNS + AA + MN + ALE+ MLE (FS)
followed by 100 per cent N through organics + AA + MN + ALE+ MLE (FS).The per cent yield
increase over control was 135.80 and 124.71 per cent respectively for STCR-IPNS followed by FYM
both in combination with amino acids + Micro nuttrients + Aloevera + Moringa Leaf Extract as foliar
spray. The effect of micronutrients as foliar along with STCR-IPNS was the next best treatment. The
highest BCR of 5.27 was recorded by STCR-IPNS + MN + ALE + MLE (FS) followed by 4.92 by STCR
IPNS + MLE (FS) (Tw). Among the different treatments, STCR - IPNS + Amino Acids +
Micronutrients + Aloe vera + Moringa leaf extract (FS) recorded significantly the highest soil
available N (282, 290 and 236 kg ha™), soil available P (27.8, 21.9 and 19.8 kg ha™) and plant N
content (2.16 , 2.35 and 2.46 %), plant P (0.24, 0.38 and 0.62 %) , plant K (1.83, 2.38 and 2.92 %) and
total plant N uptake (96.39 104.75 109.67 kg ha™), total P uptake (10.47, 16.99 and 27.68 kg ha™*) and
total K uptake (81.59, 106.11 and 130.15 kg ha™) by okra at all the three critical growth stages. The
highest content and uptake of N (2.91% and 71.23 kg ha), P (0.32% and 7.92 kg ha™), K (2.81% and
68.80 kg ha™), Zn (91.84 mg kg™ and 0.225 kg ha), Fe (427.85 mg kg™ and 1.047 kg ha™) and B
(29.22 mg kg™ and 0.072 kg ha™) by fruits was recorded by the treatment STCR - IPNS + Amino acids
+ Micronutrients + Aloevera + Moringa leaf extract (FS). At all the three stages, higher NPK
availability was recorded by the same treatment (T,,) followed by T3 The treatments which received
STCR-IPNS in alone or in combination with AA/ MN/ ALE/ MLE recorded higher available K (365,
330 and 312 kg ha) content in soil compared to 100% N through organics in alone or with similar
combinations.
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Introduction
Okra (Abelmoschus esculentus) is an herbaceous annual plant in the family Malvaceae and an economically

important vegetable crop grown in many parts of tropics and sub-tropics. In India, okra is being cultivated in an
area of 5,01,000 ha with 5,7,83,000 MT production and in Tamil Nadu, the area and production of Okra are 11,000
ha and 75,400 MT respect (NHB 2016- 2017). Heavy fertilization is essential for realizing potential okra fruit yield.
The demand for the crop has increased and as a result the growers started applying inorganic sources of plant
nutrients. This led to inadequate and imbalanced application of nutrients and this resulted in low yield and poor
quality of Okra fruits. Also, the exclusive application of inorganic fertilizers creates a deleterious effect on soil
fertility due to limitation of one or more nutrients including micro nutrients and poor soil health leading to decline
in productivity. Therefore, the alternative choice of the farmers for maintaining the sustainable production can be
achieved by the application of nutrients through organic amentments such as farm yard manure and bio fertilizers.
The basic concept underlying the principle of Integrated Plant Nutrient Supply System (IPNS) is the maintenance
and possible improvement of soil fertility for sustaining the crop productivity through the combined use of organic
manure, bio- fertilizer and chemical fertilizer. Organic manures not only balances the nutrient supply but also
improves the physical and chemical properties of soil. Thus, a strategy for judicious combination of both organic
and inorganic sources of nutrient is the most viable option for nutrient management. Foliar fertilization with multi
micronutrients to achieve balanced plant nutrition is considered to play a significant role in modern sustainable

vegetable production.

Plant hormones can be used to increase yield per unit area because they influence every phase of plant
growth and development (Prosecus, 2006). The aloevera leaf peeling extract and powder contain the essential
nutrients and phytohormones necessary for plant growth enhancement. The minerals such as calcium, magnesium,
potassium, phosphorus, iron, manganese, zinc and copper along with antioxidants are rich in Moringa leaf extract.
The yields of onions, bell pepper, soya beans, sorghum, coffee, tea, chili, melon and maize crops were increased
when sprayed with moringa leaf extract (Fuglie, 2000). Amino acids are well known bio stimulants with positive
effects on plant growth and plant yield (Mahmood Pooryousef et al., 2014). Keeping this in view, the present
investigation was undertaken to find out the best combination of organic and inorganic fertilizers along with plant

extracts as foliar spray for obtaining the maximum fruit yield of okra enhanced nutrient availability and uptake.

Materials and Methods
The field experiment was conducted at ‘D’ block (Field No. D-27) of Agricultural College and Research

Institute, Tamil Nadu Agricultural University, Killikulam, during October, 2017 - January, 2018. The experiment
was laid out in RBD design with three replications. The texture of the experimental soil was sandy clay loam,
neutral in reaction and was low, medium and high in available N, P and K respectively. The soil was classified as
fine, loamy, isohyperthermic family of Typic Haplustalf. The soil was deficient in DTPA- Zn, Fe, B and Cu,
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whereas sufficient in DTPA — Mn content in soil. The treatments comprised of thirteen treatment combinations of

organic manure viz., FYM and recommend dose of fertilizer with the treatment foliar application of micro nutrients,
amino acids and different plant extracts. All the treatments were given the same dose of NPK fertilizer, but FYM
was applied @ 15 tha™ to the treatments T3, Ts, T7. To, Ty and Tys. Micro nutrients namely Zn, Fe and B @ 0.5, 1.0,
0.3 per cent respectively 50 ppm and plant extracts @ 50 ppm as foliar spray were given on 25, 45 and 60 days after
sowing for the respective treatments. The treatments include: T; - Control; T, - STCR-IPNS; T3 - 100% N through
FYM; T, -T, + Amino Acids (AA) -Foliar spray (FS); Ts - T3 + Amino Acids (FS); Ts - T, + Micronutrients (MN)
(FS); T+~ T3 + Micronutrients (FS); Tg - T, + Aloe vera leaf extract (ALE) (FS); Tg - T3 + ALE (FS); Tyo - T2 +
Moringa leaf extract (MLE) (FS); Ty; - T3 + MLE (FS); T12 - T, + AA+ MN + ALE+ MLE (FS); Ti3- T3 + AA +
MN + ALE+ MLE (FS).

Seeds are sown at 45x30 cm spacing on October 11, 2017. Manures and fertilizers applied in the crop as
per recommended dose. The organic manures were applied one week before sowing, for proper decomposition, full
dose of phosphorus and potassium and half dose of nitrogen as per treatment were applied just before the sowing.
The remaining half dose of nitrogen applied 30 days after sowing. Five plants were randomly tagged in each plot to
record the yield. The harvested fruits were analysed for various nutrient contents and uptake values were computed.
The soil samples were collected from each experimental plot at vegetative (30 DAS), flowering (70 DAS) and post harvest
stages to study the effect of treatments on chemical properties. The collected soil samples were air dried, powdered with a
wooden mallet, sieved through 2 mm sieve and stored in polythene bags for various analysis. A composite soil sample
from 0-15 cm from the experimental field was collected before the conduct of field experiment. The five plant samples
were collected at vegetative, flowering and harvest stages from each plot randomly fruit and stover samples were collected
at harvest for chemical analysis. After that these samples were weighed, shade dried and then oven dried at 60° C for 72
hrs. The weight of oven dried sample was taken to calculate the nutrient uptake on oven dry basis. The plant samples were
ground in a wiley mill to pass through 20 mesh sieve, stored in butter paper covers and analysed for various nutrients. The
plant samples were ground in a wiley mill to pass through 20 mesh sieve, stored in butter paper covers and analysed for
various nutrients. Soil samples collected at different growth stages of bhendi were analyzed available N (Subbiah and
Asija, 1956), Phosphorus (Olsen et al., 1954), Potassium (Jackson, 1973), and DTPA extractable Fe, Zn and B
(Lindsay and Norwell, 1978) by using standard procedures. The data were subjected to statistical scrutiny (Gomez et
al., 1984).

Results and Discussion
Okra Fruit Yield (Table 1)

The data recorded on fruit yield (t ha™) as influenced by different treatments are furnished in Table 1 and
the effect was found to be significant. The bhendi fruit yield ranged from17.28 to 24.24 t ha™’. The treatment (Ty»)

which received STCR - IPNS + Amino Acids + Micronutrients + Aloevera + Moringa Leaf Extract (FS) recorded
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significantly the highest bhendi fruit yield (24.24 t ha™) followed by the treatments T13 (23.10 t ha™), Ts (20.80 t ha®

1y and T; (20.45 t ha™), the latter three being comparable with each other wherein STCR-IPNS/ 100% FYM was
applied with micronutrients at three times as foliar spray. Whereas, the lowest fruit yield (10.28 t ha™) was recorded

by control.

The per cent yield increase over control ranged from 93.09 to 135.80 per cent. The highest per cent yield
increase was recorded by T;, (135.80 %) followed by T3 (124.71), Ty (112.06), Ty, (104.86) , T (102.34) and T,
(98.93) over T; (control). Whereas the STCR-IPNS and 100 per cent N through FYM in alone registered an increase
of 93.09 and 86.77 per cent yield increase over control. The effect of moringa leaf extract was found to significant
compared to aloevera leaf extract and amino acids. The effect of micro nutrients on fruit yield was the next best to
Tz, Tz and Ty The increase in growth parameters could naturally increased the rate of photosynthesis, increased
rate of assimilation of nutrients from soil through improvements in the root growth characteristics coupled with

enhanced rate of photosynthesis might have reflected in yield enhancement.

It was observed that micronutrients applied alone or combination with moringa leaf extract /alovera extract/
amino acids was found significantly effective in increasing the yield of okra as compared with control. Increased
yield due to micronutrients application may be attributed to enhanced photosynthesis activity and increased in
production and accumulation of carbohydrates and favourable effect on vegetative growth, and retention of flowers
and fruits, increased dry matter production which attributed to greater ccumulation of photosynthesis by vegetative

parts and fruits of vegetable crop.

The presence of Zn activates the synthesis of tryptophan, precursor of IAA and it is responsible to
stimulate plant growth. Fe plays vital role in promoting growth characters being a component of ferrodoxin, and
electron transport protein and is associated with chloroplast. It helps in photosynthesis might have helped in better
vegetative growth.
Boron plays an essential role in the development and growth of new cells in the plant meristem, improves
the fruit quality and fruit set. It is needed by the crop plants for cell division, nucleic acid synthesis, uptake of
calcium and transport of carbohydrates (Mehraj et al., 2015).
Application of organics with inorganic sources resulted in enhanced fruit length, fruit girth and ultimately
increased the average fruit weight of A. Esculentus which is in agreement with findings of Amran et al. (2014).

El Awady (2003) pointed out that in moringa, there is zeatin hormone in very high concentrations of
between 5 mcg and 200 mcg/g of material. Fuglie (2000) confirmed that this cytokinin (CK) related hormone
increases crop yields by having effect on cell division and cell elongation when sprayed as an extract from fresh
moringa leaves.

Nutrients Content and Uptake by Okra
Nitrogen Content and Uptake (Table 2 & 3)
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The data revealed that N content in okra plant varied from 1.22 to 2.16, 1.38 to 2.35 and 1.56 to 2.46 per

cent at 30 DAS, 70 DAS and harvest respectively. The higher N content of 2.16 per cent was recorded by T,
followed by T3 (2.02%) but was significantly different with each other at 30 DAS but at later stages found to be on
par among themselves and T, on plant N content. The lower content of plant (1.22, 1.38 and 1.56 %) was recorded
in treatment T, at 30 DAS, 70 DAS and harvest, respectively.

The N content of okra fruit significantly varied between 2.01 and 2.91 per cent. The higher N content of
fruit (2.91%) was recorded in treatment T, that received STCR - IPNS + Amino Acids + Micronutrients + Aloe
vera + Moringa Leaf Extract (FS) followed by T13 (2.84%) which was significantly at par with treatments T, (2.79
%) and Ts (2.66%).

Nitrogen uptake was significantly influenced by the treatments. In general, there was an increasing trend in
N uptake at all the stages of bhendi towards maturity.

The nitrogen uptake by plant ranged between 34.79 to 96.39, 39.35 to 104.75 and 44.49 to 109.67 kg ha™at
30 DAS, 70 DAS and harvest stages, respectively.

The highest nitrogen uptake of 96.39 kg ha™ was recorded in treatment (Ts,) that received STCR — IPNS +
Amino Acids + Micronutrients + Aloe vera + Moringa leaf extract (FS) and it was found to be significantly superior
to the treatment T3 at 30 DAS however at 70 DAS and harvest, both the treatments were on par in their influence on
N uptake. The lowest nitrogen uptake (34.79, 39.35, 44.49 kg ha™) was recorded in control at all the three stages,
respectively.

The highest mean value of N uptake by okra fruit (71.25 kg ha™) was found in the treatment T, followed
by T13 (66.25 kg ha™), however the effect was significantly different. The lowest value of 20.87 kg ha™ of N uptake
by bhendi fruits was found in the control. The effect of STCR-IPNS/ 100% through FYM alone or with aloe vera
leaf extract was found to be non- significant. However, the effect of amino acids on fruit N uptake was marked then

aloe vera leaf extract/ moringa leaf extract.

Phosphorus Content and Uptake (Table 2 & 3)

Phosphorus content in okra fruit varied between 0.12 to 0.24, 0.24 to 0.38 and 0.30 to 0.62 per cent at 30
DAS, 70 DAS and harvest, respectively. The higher P content was recorded by T, and T3 at all stages which were
at a par in their influence. At 30 DAS, their effect was on par with Ts_ The lower P content of bhendi was recorded
in treatment T, at 30 DAS, 70 DAS and harvest (0.12, 0.24 and 0.30%) stages respectively.

Phosphorus content in okra fruits ranged between 0.22 and 0.32 per cent. The higher P content of fruit
(0.32%) was recorded in treatment T, which was at a par with treatments Ty, Tg, To, Ts, T7 and Tg. The control

recorded the lowest value of 0.22 per cent P content in fruit.
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The phosphorus uptake by plant ranged between 3.28 to 10.47, 6.84 to 16.99, and 8.55 to 27.68 kg ha™ at

30 DAS, 70 DAS and harvest stages respectively.

Among the different treatments, treatment T, registered the highest P uptake (10.47, 16.99 and 27.68 kg
ha') at 30 DAS, 70 DAS and harvest stages, respectively closely followed by T3 however the effect was
significantly superior at 30 DAS by T, The lowest phosphorus uptake (3.28, 6.84, 8.55 kg ha™) was recorded in
control at all three stages, respectively. At all stages, Ts, T7, T1oand Ty, were found to be significant in their effect on

P uptake than Tg Ty T,and Tstreatments.

The fruit uptake in different treatments ranged from 4.00 to 7.92 kg ha™. The effect of treatment was
significantly superior than T, followed by T Tgand Ty,

Potassium Content and Uptake (Table 2 & 3)

It was observed that the potassium content of bhendi ranged from1.32 to 1.89, 1.98 to 2.40 and 2.12 to 2.92
per cent at 30, 70 DAS and harvest, respectively. The highest potassium content (1.89 and 2.40 %) was observed in
treatment T3 which was at par with the treatment T,, (1.83%) at 30 DAS and 70 DAS respectively. At harvest stage,
the treatment Ty, recorded higher phosphorus content (2.92 %) and was found to be comparable with T3 (2.88%).
Whereas the lowest phosphorus content (1.32, 1.98 and 2.12%) was observed in control at 30 DAS, 70 DAS and

harvest, respectively.

NPK Content and Uptake
In general, there was an increasing trend in NPK content and uptake from vegetative to harvest stage of

bhendi. The NPK content and uptake was significantly influenced due to various treatments at 30 DAS, 70 DAS
and harvest stages. The highest N and P content and uptake values were found with the application of STCR-
IPNS + AA + MN + ALE+ MLE (FS) (Ty,) followed by the treatment T,5. Whereas the highest K content and
uptake was recorded in the treatment that received 100 per cent N through FYM + AA + MN + ALE+ MLE (FS)
(T,,) followed by T,,. The total uptake of nutrients was governed by fruit yield and dry matter production as well
as the content of these elements in their respective plant parts. It could also be owing to the adequate availability of
nutrients for better growth and thereby ultimately resulting in an increased uptake. The application of amino acid

as foliar might have increased the nutrient especially N by bhendi fruit.

The present finding is in line with the findings of who observed that application of 1.25 g amino
acid increased the N (5.86%) and K (1.70%) contents in fenugreek plants. Okra fruits in the plants treated with

amino acid formulation at 2.0 | ha! (4 times spray) recorded the highest N content (2.96 %), P content (0.576%),
K content (2.70%) (Katharine et al., 2016). Foliar application of amino acids to radish plants increased N content of
shoots (Kaswan et al., 2017)
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Chattoo et al. (2009) proved that application of FYM @ 3 t + sheep manure @ 2 t + poultry manure @ 0.5

t + vermicompost @ 0.6 t + bio fertilizers @ 7 kg + RD NPK (60:30:30 kg ha™) recorded the maximum uptake of
nitrogen (132.3 kg ha™).

The higher total content and uptake of macro and micro nutrients by tomato crop was reported by
Saravaiya et al. (2014) which might be obtained due to higher accumulation of nutrients in soil by the application of
chemical fertilizers as well as organic manures. The increased NPK content and uptake due to aloe vera leaf extract

(El Sherif, 2017) in populus, moringa leaf extract in pepper (Hala et al., 2017) supports the present finding.

The NPK content and uptake by fruit was significantly influenced by STCR-IPNS and 100% N (FYM).
Tha highest NPK content was recorded in T, with the integration of T, + AA + MN + ALE+ MLE (FS) followed
by T13, Tsand Ts(N) and others except T, (P and K). However, with reference to NPK uptake, the superiority of T,
and T3 treatments over others was observed. This might be due to the variation in fruit yield. The combined use of
organic and inorganic nutrients might have resulted in solubilization of plant nutrients which lead to increased
uptake of NPK (Naidu et al., 2009; Prativa et al., 2012).

An increase in the NPK uptake of nutrients by fruits due to application 43 t ha™ of FYM + 50 per cent RDF
was reported by Kumar et al. (2017) in okra and by combination of 100% RDF + FYM @ 20 t ha™ in tomato
(Tekale et al., 2017).

Basha et al. (2015) repoted that spraying the plants with amino acids increased the nutrient content and
uptake in radish. A similar findings was reported by Kumari et al. (2018).

Katharine et al. (2016) reported an increased NPK content and uptake by bhendi fruit by the application of
amino acid @ 2 L ha™. The foliar application of micronutrients increased the content and uptake of Boron in the
present finding which might be due to that boron might have taken part in active photosynthesis, its influence on
flowering and fruit set which corroborates with the finding of Kadam et al. (2017) who reported an increased
content and uptake of NPK and Boron with 75 % RDN through Tar Coated Briquettes with Boron @ 4 ka ha™
fortification in okra.

Zn Content and Uptake (Table 4)
The concentration of Zn in stover and fruit ranged from 40.54 to 67.86 mg kg™ and 74.68 to 91.84 ppm

respectively. At harvest, the maximum Zn content (67.86 mg kg™) was recorded by treatment Ty; followed by Ty,
(65.04 mg kg™) but both are significantly different. The effect of moringa leaf extract with 100% N through FYM,

micronutrients with STCR-IPNS/100% N through FYM were the next best treatments compared to remaining
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treatments. The minimum Zn content (40.54 mg kg™) was recorded with control treatment.

In fruit, higher concentration of Zn (91.84 mg kg™) was recorded by Ty, that received STCR - IPNS +
Amino Acids + Micronutrients + Aloevera + Moringa Leaf Extract (FS) followed by T3 and others. While the
lower concentration (74.68 mg kg™) was registered with treatment T,.The mean value of Zn content varied from

74.68 t0 91.84 mg kg™. All the treatments were found to be significantly different from each other.

Zn removal by bhendi at harvest was influenced by different treatments. Among the different treatments,
Ts registered the highest Zn uptake (0.293 kg ha™) followed by T, (290 kg ha™) at harvest. The lowest uptake was
observed in T; (0.116 kg ha™). All the treatments were found to have tremendous influence on stover Zn uptake by
bhendi.

The Zn uptake in fruit varied from 0.138 kg ha™ to 0.225 kg ha™. Among the different treatments, the
highest Zn uptake (0.225 kg ha™) in fruit was obtained in the treatment T;, followed by T,3 (0.208 kg ha™). The

lowest uptake (0.138 kg ha™) was observed in the control treatment T;.

Fe Content and Uptake (Table 4)
The Fe content in plant at harvest ranged from 182.04 to 238.62 mg kg™ at harvest. Among the different

treatments, the maximum Fe content (238.62 mg kg™) was recorded by the treatment T3 and was at par with
treatment Ty,. The minimum Fe content (182.04 mg kg™) was observed in control treatment. The effect of STCR-
IPNS/ 100% N through FYM was found to be non- significant in alone or in combination with amino acids/ moringa
leaf extract/ aloe vera leaf extract.

The variation in Fe content was reported to vary from 356.80 to 430.72 mg kg™. Higher concentration of Fe
(430.72 mg kg™) was with the treatment Tis, that received 100% N through organics + Amino Acids +
Micronutrients + Aloevera + Moringa Leaf Extract (FS) closely followed by Ti,, Te, T7, T11, To and Tyo. The
remaining treatments including control were found to be on par with each other.

The higher Fe uptake by bhendi (1.051 kg ha™) at harvest was obtained in the treatment T, which was on
par with Ti5 (1.029 kg ha™). The lowest uptake was observed in the treatment T, (0.519 kg ha™) at harvest. The
effect of STCR-IPNS / 100% N through FYM was found to be comparable either in alone or in combination with
micronutrients and foliar nutrition.

The higher Fe uptake in fruit (1.047 kg ha™) was recorded by Ti, followed by Ti; (1.005 kg ha™). T,
recorded the lowest uptake (0.370 kg ha™). A similar trend as in stover Fe uptake was observed among the other

treatments.

B Content and Uptake (Table 4)
The treatments Ty, and T; recorded higher Boron content (17.38 and 16.84 mg kg™) and was at par with
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treatment T1s. The B content (14.62 mg kg™) was found to be the lowest T, treatment at harvest.

The application of STCR - IPNS + Amino Acids + Micronutrients + Aloevera + Moringa Leaf Extract (FS)
recorded significantly the higher fruit B content of 29.22 mg kg™ followed by Ty; While the lower concentration
(20.75 mg kg™) was found in treatment T,.The mean value varied from 20.75 to 29.22 mg kg™

The higher B uptake by bhendi (0.077 kg ha™) was recorded by the treatment Ty, followed by Tys. The
treatment T, (0.042 kg ha™) at harvest recorded the lowest B uptake.

The treatments Ty, and T13 were comparable in their effect on fruit B uptake and recorded higher values of
0.072 and 0.067 kg ha™ respectively. The treatments Tg To T1o Tipand Ty, T3, T, Tswere on par with each other. T,
recorded the lowest uptake (0.022 kg ha™).

Zn, Fe and B Content and Uptake
The Fe, Zn and B content and uptake was significantly influenced by various treatments at harvest stage.

The highest Fe, Zn and B contents and uptake values were recorded by the application of STCR-IPNS + AA +
MN + ALE+ MLE (FS) (T,) followed by the treatment T;3 and the lowest values were observed in control
treatment.

The organic manures are fairly good source of nutrients which boosted the plants to uptake progressively
beneficial elements, to increase the leaf nutrient status and eventually attain optimum growth and productivity.
Bio-organic fertilization is supposed to accelerate the nutrient uptake through the tested rocket plant by increasing
the permeability of root membranes for electrolytes, preventing their fixation in the soil and increasing their
mobility. Different part of M. oleifera plants have been reported to be a rich source of important minerals as Ca,
Mg, K, Fe, Zn, P, S, Cu, Mn, Se and Na which can be valorized for a balanced nutrition of populations (Abdalla,
2013).

Both the application of fertilizers and organics significantly improved the micronutrients content and
uptake in okra plant. FYM might have helped in the chelation of ions in soil making them available in absorbable
and usable form for plant growth resulted in increased chlorophyll content in the leaves and thus
photosynthetic efficiency causing perfectional influx of photosynthates to the sink. The higher Fe uptake by the
crop might be due to higher concentration of iron in the FYM and higher uptake might be due to optimum
dosage of chemical fertilizers, which will in turn helps in uptake of iron. STCR-IPNS might have helped in the
chelation of zinc ions in soil making them available in absorbable and optimum dosage of nutrients may also
be one of the reasons for increased zinc content in the plant. The dry matter production might have increased in a
positive trend in higher Zn uptake by the plant.
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The higher total content and uptake of macro and micro nutrients by tomato crop was reported by

(Saravaiya et al., 2014) which might be obtained due to higher accumulation of nutrients in soil by the application of

chemical fertilizers as well as organic manures.
Zn, Fe and B Content and Uptake by Bhendi Fruit

The Zn, Fe and B content and uptake by bhendi fruit was significantly influenced by various treatments.
The treatments Ty, and T3 were comparable in their effect on fruit Zn, Fe and Boron content and uptake in bhendi. The other
treatments except T, were found to be on par with each other. Organic manures might have enhanced the nutrient status of
okra fruit as well as at appropriate combination with inorganic fertilizer (Attarde et al., 2012). Moringa had the
highest K ,Ca, Fe, Zn, Cu and vitamin C contents which might have increased the Fe and Zn content and uptake by
okra fruits (Adekiya et al., 2017)

Microbial decomposition of organic manures with simultaneous release of organic acids might have
favoured the availability of micronutrients in soil and their uptake by crop. The extent of micronutrients uptake were
higher at 100 per cent substitution of nitrogen through organics. This may be due to the faster decomposition of
organic manures as a result of narrowing C:N ratio with the combined application of both organic and inorganic
sources of nutrients. This increases the availability of cationic micronutrient concentration in soil solution, there by
increasing the uptake of these micronutrients by the crop Naidu et al. (2009) reported the highest uptake of
micronutrients with 50 per cent RDN + 50 per cent N through VC + BF + Panchagavya in chilli.

Satpute et al. (2013) reported that the application of FeSO,+ ZnSO,+ Borax significantly increased the
uptake of Fe, Zn and B by okra fruits. The application of moringa extract recorded the highest Fe content and
uptake in rocket plants and in chilliby FYM @ 10 t ha™ (Kattimani et al., 2010).

Soil Available Nutrients (Table 5)
Available Nitrogen
There was a decreasing trend in soil available N content was observed at all stages of bhendi towards

maturity.

Among the different treatments, treatment T, registered the highest soil available N (282, 290 and 236 kg
ha™) at 30 DAS, 70 DAS and harvest stages respectively. Whereas, Ts, T1o, T2, T4 and Tg were comparable at all the
three stages. The lowest availability of soil N (188, 165 and 148 kg ha™) was observed in control at 30 DAS, 70

DAS and harvest stages respectively.

A significant decrease in the availability of macronutrients in the soil was observed with the advancement of
bhendi crop growth period, irrespective of the treatments which might be due to the continuous removal of nutrients by the

crop and loses due to fixation and leaching.
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At all the three stages, the highest soil available nitrogen content was recorded by the application of STCR -

IPNS + Amino Acids + Micronutrients + Aloevera + Moringa Leaf Extract ( FS) (T1,) (282 kg ha™) followed by T3

(252 kg ha™).The higher rate of mineralization and release of N from the soil and fertilizers could have contributed
to the increase in available N in the soil. The effect of Tg T1o,T2, Tsand Tg were comparable at all stages.

The higher content of available nitrogen in soil may be due to the favorable conditions under integration of
inorganic fertilizer and farm yard manuring which acts as a store house of energy for microorganism, is
responsible for needed nutrient transformation besides providing favorable physical properties which help in the
mineralization of soil N leading to higher available N. It was also observed that the available nitrogen content at harvest
was slowly decreased obviously due to its uptake by okra crop (Salvi et al., 2015).

Also the decomposition of organic matter might have increased the number and activity of micro-organisms
and better involvement in regulation of organic carbon dynamics in soils and hence, the higher N availability in soil
(Kumar et al., 2017).

Available Phosphorus
The soil available phosphorus content ranged from 17.2 to 27.8, 16.7 to 21.9 and 12.8 to 19.8 kg ha™ at 30

DAS, 70 DAS and harvest stages, respectively.

The maximum available phosphorus status of 27.8, 21.9 and 19.8 kg ha™ was recorded by the treatment T,
that received STCR — IPNS + Amino Acids + Micronutrients + Aloevera + Moringa Leaf Extract (FS) and found
superior over rest of the treatments. The lowest soil available phosphorus status (17.2, 16.7 and 12.8 kg ha™) was

recorded in control at 30 DAS, 70 DAS and harvest stages, respectively.

The integration of STCR - IPNS + Amino Acids + Micronutrients + Aloevera + Moringa Leaf Extract ( FS)
) (T,) followed by 100% N (FYM) in similar combinations recorded higher available P content in soil throughout
the crop growth.

The higher content of available phosphorus in soil may be due to addition of STCR-IPNS with FYM besides
being a direct source of P availability might have solubilized the native P in soil through release of various organic
acids (Salvi et al., 2015). These results corroborate the findings of (Naidu et al., 2009) with regard to availability of
N, P, K significantly increased by the application of 50 per cent N through FYM +BF + Panchagavya.

Available Potassium
The NH,OAc - K content of soil ranged from 292 to 365, 259 to 330 and 238 to 312 kg ha™ at 30, 70 and

harvest stages respectively. Maximum available potassium status (365, 330 and 312 kg ha™) was recorded in the
treatment Ty,, at 30 DAS, 70 DAS and harvest stages respectively. At all stages the control treatment recorded the

lowest available k content in soil. The effect of T, was found to be comparable with T1, Tg T¢ T4 and T,. However,
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the 100 % N through FYM treatment in alone and in combination exhibited lower values then STCR — IPNS

treatments on available K content in soil.

Soil available potassium highly influenced by different organic and inorganic treatments at all the stages of
bhendi crop growth. The treatments which received STCR-IPNS in alone or in combination with AA/ MN/ ALE/
MLE recorded higher available K content in soil compared to 100% N through organics in alone or with similar
combinations.

The increase in the potassium availability the soil through addition of FYM/ STCR-IPNS night be due to the
decomposition of organic matter accompanied by the release of appreciable quantities of CO, which when dissolved
in water forms carbonic acid, which is capable of decomposing certain K containing primary minerals and release
of nutrients in soil solution.The similar findings was reported by Kumari et al. (2018). The increase in K availability
might be due to that shifting of equilibrium among the forms of K from relatively exchangeable K to soluble forms

in the soil.

Benifit Cost Ratio (Table 1)

The cost benefit analysis for Okra as influenced by IPNS and foliar nutrition has been worked out (Table
1). The treatment which received the integrated application of STCR- IPNS + AA + MN + ALE+ MLE (FS) (T,) as
foliar spray recorded the highest benefit cost ratio of 5.27 which was followed by the treatment STCR-IPNS + MLE
(T10) with a benefit cost ratio of 4.92 and T¢ (STCR-IPNS + MN (FS) (4.66). The lowest B: C ratio was registered
with the control treatment (T,) (2.97) where neither fertilizer nor manure was added. In general, the BCR values
were higher wherever STCR-IPNS was applied in combination with micronutrients/ amino acids/ aloe vera leaf
extract/ moringa leaf extract. The next best treatment in terms of BCR to T, was the Ty wherein the STCR-IPNS
was integrated with moringa leaf extract (4.92) followed by Tg viz., STCR-IPNS + MN (FS) (4.66). This was in
agreement Shahbaz et al., (2014) with NPK and organics. In the treatments wherein STCR-IPNS was involved
either alone or in combination, the FYM was applied at the rate of only 4 t ha™. On comparing the fruit yield in both
the treatments, the fruit yield recorded by the treatment Ty, is 24.24 which is only 1.14 t ha™ more than the treatment
T13(23.1). The difference in the treatment cost made the T, to perform superior than T,z and hence, the benefit cost

ratio for the treatment T, was higher than the treatment T3,

Conclusion
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From the present study, it is clearly evident that the application of STCR-IPNS + AA +MN + ALE+ MLE

(FS) (T1,) followed by 100 per cent N through FYM + AA +MN + ALE+ MLE (FS) (T13) performed better than
other treatments with respect to plant and fruit nutrient concentration, nutrient uptake, nutrient availabilty and fruit
yield of Okra (COBhH- 4). The highest BCR was recorded with STCR-IPNS + AA + MN + ALE+ MLE (FS) (T12)
followed by the application of STCR-IPNS + Moringa leaf extract (MLE) (FS) (To). The benefit from the rupees
per unit invested was maximum for the application of STCR-IPNS + AA + MN + ALE+ MLE (FS) compared to
other treatments. Hence, it is concluded that the application of STCR — IPNS with micro nutrients (Zn @ 0.5 %; Fe
@ 1.0 %; B @ 0.3 %) + MLE + ALE + AA as foliar spray each at 50 ppm thrice on 25, 45 and 60 DAS may be
recommended to obtain maximum fruit yield with higher Benefit Cost Ratio besides sustaining the soil fertility and
nutritional quality of okra (COBhH- 4).
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Table 1. IPNS and Foliar Nutrition on Yield and BCR of Okra (COBhH-4)

Treatments Fruit Yield Percent Increase Benifit Cost
(tha™) Over Control Ratio
T, - Control 10.28 - 2.58
T,- STCR-IPNS 19.85 93.09 4.54
Ts- 100% N through FYM 19.20 86.77 3.52
T, - T,+ Amino Acids (AA) - Foliar spray (FS) 20.18 96.30 4.58
Ts- Ts+ Amino Acids (FS) 19.94 93.97 3.63
Te - T, + Micronutrients (MN) (FS) 20.80 102.33 4.66
T;- T3+ Micronutrients (FS) 20.45 98.93 3.69
Tg- T, + Aloevera Leaf Extract (ALE) (FS) 20.26 97.08 4.59
Te- T3+ ALE (FS) 20.15 96.01 3.66
T - T, + Moringa Leaf Extract (MLE) (FS) 21.80 112.06 4.92
Ti1 - Ts+ MLE (FS) 21.06 104.86 3.82
Ty - T, + AA+MN + ALE+ MLE ( FS) 24.24 135.80 5.27
Tiz- Ts+ AA+MN + ALE+ MLE (FS) 23.10 124.71 4.06
SEd 0.52 - -
CD (p=0.05) 1.09 - -
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Table 2. IPNS and Foliar Nutrition on Macro Nutrients Content of Okra (COBhH-4)

Nutrient Content (%)

N P K

Treatments 30 70 Harvest 30 70 Harvest 30 70 Harvest
DAS | DAS Stover | Fruit DAS | DAS Stover | Fruit DAS | DAS Stover | Fruit
T, - Control 122 | 1.38 1.56 2.01 0.12 0.24 0.30 0.22 1.32 1.98 2.12 2.18
T, - STCR-IPNS 1.70 | 1.96 2.20 2.26 0.22 0.30 0.42 0.28 1.52 2.20 2.58 2.45
T3 - 100% N through FYM 1.65 | 2.00 2.25 2.37 0.19 0.28 0.38 0.26 1.43 2.14 2.46 2.38
T, - T,+ Amino Acids (AA) - Foliar spray (FS) 198 | 2.30 2.36 2.79 0.20 0.28 0.40 0.25 1.60 2.25 2.66 2.48
Ts- T3+ Amino Acids (FS) 194 | 2.26 2.38 2.66 0.24 | 0.26 0.41 026 | 154 | 2.28 2.70 2.50
Te - T + Micronutrients (MN) (FS) 1.80 | 2.18 2.29 2.42 0.22 | 0.30 0.44 0.28 | 153 | 2.26 2.64 2.56
T7 - T3+ Micronutrients (FS) 1.84 | 2.20 2.27 2.50 0.21 | 0.29 0.48 030 | 157 | 222 2.68 2.48
Tg- T, + Aloevera Leaf Extract (ALE) (FS) 1.75 | 2.08 2.20 231 0.20 | 0.27 0.38 0.28 1.74 | 232 2.78 2.80
To- T3+ ALE (FS) 166 | 1.76 | 198 | 240 | 019 | 028 | 040 | 029 | 172 | 234 | 276 2.78
Tio - T2 + Moringa Leaf Extract (MLE) (FS) 1.88 | 2.26 2.34 2.47 0.21 | 0.30 0.46 028 | 1.70 | 2.35 2.78 2.74
Ti - T3+ MLE (FS) 194 | 2.28 2.30 2.43 022 | 0.31 0.48 026 | 1.73 | 232 2.80 2.75
T - T, + AA+MN + ALE+ MLE ( FS) 2.16 | 2.35 2.46 291 0.24 | 0.38 0.62 032 | 1.83 | 2.38 2.92 2.81
Ti3- Ts+ AA+MN + ALE+ MLE (FS) 2.02 | 231 2.40 2.84 0.23 | 0.36 0.58 030 | 1.89 | 2.40 2.88 2.76
SEd 0.04 | 0.03 0.17 0.03 | 0.008 | 0.03 0.03 0.02 | 0.04 | 0.05 0.04 0.09
CD (p=10.05) 0.09 | 0.07 0.36 0.07 0.01 | 0.06 0.07 0.04 | 0.08 | 0.11 0.08 0.19

DAS- Day after sowing
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Table 3. IPNS and Foliar Nutrition on Macro Nutrient Uptake of Okra (COBhH-4)

Nutrient Uptake (kg ha™)

N P

Treatments DC;(\)S D7A(\)S Harvest D?;(\)S D7,23 Harvest DSXS D7,23 Harvest
Stover | Fruit Stover | Fruit Stover | Fruit
Ty - Control 34.79 | 39.35 44.49 20.87 3.28 6.84 8.55 2.25 37.64 56.47 60.47 22.63
T,- STCR-IPNS 58.60 | 67.56 75.83 4531 7.58 | 10.34 | 14.48 5.68 52.39 75.83 88.93 | 49.13
T - 100% N through FYM 53.81 | 65.22 73.42 45,98 6.21 9.09 12.35 4.98 46.60 69.81 80.30 | 46.20
T4- To+ Amino Acids (AA) - Foliar spray (FS) 71.75 | 8351 85.68 56.86 7.26 | 10.19 | 1455 5.10 58.11 81.73 96.57 50.55
Ts- T3+ Amino Acids (FS) 69.49 | 80.96 85.23 53.57 8.42 9.27 14.71 5.24 55.12 81.64 96.73 | 50.35
Te - T, + Micronutrients (MN) (FS) 71.98 | 87.20 91.60 50.84 8.58 | 12.04 | 17.66 5.81 61.20 90.35 | 105.58 | 53.78
T7 - T3+ Micronutrients (FS) 71.73 | 85.76 88.49 51.63 8.19 | 11.31 | 18.71 6.20 61.20 86.54 | 104.48 | 51.23
Tg- T, + Aloevera Leaf Extract (ALE) (FS) 64.68 | 76.86 81.34 47.27 7.39 | 10.03 | 14.08 5.73 64.32 85.73 | 102.73 | 57.29
To- Ts+ ALE (FS) 60.54 | 64.18 72.29 48.84 6.75 | 10.21 | 14.60 5.83 62.73 85.34 | 100.65 | 56.58
Tio - T2 + Moringa Leaf Extract (MLE) (FS) 70.58 | 84.92 87.98 54.39 7.69 | 11.19 | 17.16 6.17 63.90 88.33 | 104.41 | 60.31
Ti - T3+ MLE (FS) 72.83 | 85.47 86.26 51.69 8.06 | 11.74 | 17.99 5.53 65.00 87.12 | 104.92 | 58.49
T - T, + AA+MN + ALE+ MLE ( FS) 96.39 | 104.75 | 109.67 | 71.23 | 10.47 | 16.99 | 27.68 7.92 81.59 | 106.11 | 130.15 | 68.80
Tiz- Ts+ AA+MN + ALE+ MLE (FS) 87.13 | 99.64 | 103.50 | 66.22 9.70 | 15,51 | 25.00 7.00 81.50 | 103.51 | 124.20 | 64.45
SEd 2.1 2.59 4.42 1.05 0.28 1.42 1.43 0.13 2.45 3.37 3.25 1.23
CD (p=0.05) 4.53 5.35 6.98 2.18 0.58 2.93 2.96 0.27 5.06 6.97 6.71 2.55

DAS- Day after sowing
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Table 4. IPNS and Foliar Nutrition on Micro Nutrients Content and Uptake of Okra (COBhH-4)

Zn Fe B
Treatments Content Uptake Content Uptake Content Uptake
Stover | Fruit Stover | Fruit | Stover Fruit Stover | Fruit | Stover | Fruit | Stover | Fruit
T, - Control 4054 | 74.68 | 0.116 | 0.078 | 182.04 | 356.80 | 0.519 | 0.370 | 14.62 | 20.75 | 0.042 | 0.022
T,- STCR-IPNS 46.45 | 78.78 | 0.160 | 0.158 | 196.84 | 358.62 | 0.678 | 0.719 | 15.46 | 23.68 | 0.053 | 0.047
Ts - 100% N through FYM 48.32 | 76.94 | 0.158 | 0.149 | 200.54 | 36456 | 0.655 | 0.707 | 15.28 | 22.94 | 0.050 | 0.044
Ta- To+ Amino Acids (AA) - Foliar spray (FS) 50.78 | 81.18 | 0.184 | 0.165 | 208.32 | 380.14 | 0.756 | 0.775 | 15.65 | 23.36 | 0.057 | 0.048
Ts - T3+ Amino Acids (FS) 50.34 | 80.94 | 0.180 | 0.163 | 210.08 | 382.76 | 0.753 | 0.771 | 15.48 | 22.82 | 0.056 | 0.046
Te - T2+ Micronutrients (MN) (FS) 60.42 | 87.38 | 0.241 | 0.184 | 222.72 | 416.20 | 0.890 | 0.874 | 16.48 | 28.64 | 0.066 | 0.060
T,- T3+ Micronutrients (FS) 58.56 | 86.94 | 0.228 | 0.180 | 224.46 | 412.68 | 0.875 | 0.852 | 16.84 | 26.12 | 0.066 | 0.054
Tg- T, + Aloevera Leaf Extract (ALE) (FS) 54.12 79.12 0.200 0.162 | 211.62 | 384.56 0.782 | 0.787 15.48 2456 | 0.057 0.050
To- Ts+ ALE (FS) 52.36 | 78.08 | 0.191 | 0.159 | 212.44 | 390.28 | 0.775 | 0.794 | 1554 | 25.06 | 0.057 | 0.051
T1o - T» + Moringa Leaf Extract (MLE) (FS) 5438 | 88.10 | 0.205 | 0.194 | 218.54 | 398.30 | 0.822 | 0.877 | 1590 | 24.90 | 0.060 | 0.055
Ti1 - T3+ MLE (FS) 57.14 | 87.48 | 0.214 | 0.186 | 220.18 | 404.42 | 0.826 | 0.861 | 15.62 | 24.80 | 0.059 | 0.053
T - To + AA+MN + ALE+ MLE ( FS) 65.04 | 91.84 | 0.290 | 0.225 | 235.80 | 427.85 | 1.051 | 1.047 | 17.38 | 29.22 | 0.077 | 0.072
Tis- T3+ AA +MN + ALE+ MLE (FS) 67.86 | 89.10 | 0.293 | 0.208 | 238.62 | 430.72 | 1.029 | 1.004 | 16.28 | 28.58 | 0.070 | 0.067
SEd 1.10 1.47 0.006 | 0.002 | 2.68 19.48 0.02 0.04 0.36 1.32 | 0.002 | 0.001
CD (p=0.05) 2.29 0.71 0.01 | 0.004 | 554 40.21 0.05 0.09 0.75 0.64 | 0.004 | 0.003
DAS- Day after sowing
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Table 5. IPNS and Foliar Nutrition on Available Nutrients of Okra (COBhH-4)

NAAS Rating: 3.77

Available Nutrient (kg ha™)

Treatments N i K
30 DAS 70 DAS Harvest 30 DAS 70 DAS Harvest 30 DAS 70 DAS | Harvest
T, - Control 188 165 148 17.2 16.7 12.8 292 259 238
T,- STCR-IPNS 276 285 232 26.4 20.1 18.6 369 316 310
Ts- 100% N through FYM 255 268 220 19.3 18.4 15.8 332 308 292
T4~ T,+ Amino Acids (AA) - Foliar spray (FS) 275 286 230 25.6 20.5 18.4 366 322 312
Ts- T3+ Amino Acids (FS) 252 265 218 19.6 18.0 15.9 337 310 293
Te - T2+ Micronutrients (MN) (FS) 276 284 230 25.4 20.4 18.2 368 325 310
T7- T3+ Micronutrients (FS) 260 272 224 19.4 17.6 15.8 330 305 298
Tg- T, + Aloevera Leaf Extract (ALE) (FS) 275 288 235 24.9 20.7 19.0 364 320 308
To- T3+ ALE (FS) 250 261 214 19.0 17.8 15.9 328 300 282
Tio - T2 + Moringa Leaf Extract (MLE) (FS) 276 286 228 25.8 20.9 19.2 360 324 310
Ti1 - T3+ MLE (FS) 254 265 216 19.5 17.2 14.9 330 304 288
Ti2- T, + AA+MN + ALE+ MLE (FS) 282 290 236 27.8 21.9 19.8 365 330 312
Ti3- T3+ AA+MN + ALE+ MLE (FS) 252 273 225 20.0 17.4 15.2 332 310 295
SEd 5.21 4.55 5.20 0.36 0.42 0.34 4.76 5.10 6.28
CD (p =0.05) 10.77 9.41 10.47 0.75 0.88 0.70 9.83 10.54 12.97
DAS- Day after sowing
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