Evaluating biofertilizer impact on growth and earliness in okra (Abelmoschus esculentus (L.) Moench) cv. Arka Anamika 

ABSTRACT 

	Aims: Evaluate the efficacy of biofertilizers on growth and earliness in okra
Study design: Randomised Block Design	Comment by RAJESHRI VEKARIYA: Randomized
Place and Duration of Study: Department of Olericulture, College of Agriculture, Vellanikkara, Thrissur
Methodology: The present study employed the biofertilizers Azospirillum, Arbuscular Mycorrhizal Fungi (AMF), and Frateuria. Organic manures and chemical fertilizers were applied in accordance with the Package of Practices (POP) recommendations of Kerala Agricultural University. A total of thirteen treatment combinations were established, encompassing single, dual, and integrated applications of the three biofertilizers with farmyard manure (FYM); dual FYM application with the biofertilizers; and combined application of the biofertilizers and FYM with 50%, 75%, and 100% of the recommended dose of fertilizers (RDF). Additionally, treatments included the use of the three biofertilizers individually, alongside a control (POP) treatment
Results: The findings indicated that the integrated application of all three biofertilizers in conjunction with a double dose of farmyard manure, as well as the combined use of organic, inorganic (75%) and biofertilizers, significantly enhanced nutrient availability. This integrated nutrient management approach positively influenced vegetative growth and promoted earliness in okra.
Conclusion: Integrated nutrient management along with biofertilizers significantly increased the growth parameters which inturn influenced the earliness in okra.
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1. INTRODUCTION 

India is an agricultural country that maintains a unique and significant global position in vegetable cultivation. In 2022–23, India recorded a vegetable production of 204.83 million metric tonnes from 11.35 million hectares, positioning it as the world’s second largest vegetable producer (ICAR-IIVR, 2023). Among the various vegetables cultivated worldwide, okra (Abelmoschus esculentus (L.) Moench) is distinguished not only for its widespread cultivation but also for its substantial economic significance. According to FAO (2022), India leads global okra production, reflecting its significant contribution to the worldwide supply of this important vegetable (APEDA, 2025).	Comment by RAJESHRI VEKARIYA: Write latest data of production year 


Okra (Abelmoschus esculentus (L.) Moench), belonging to the Malvaceae family, is recognized as a vegetable crop with significant nutritional value. Its immature and tender fruits are excellent sources of vitamins, minerals, proteins and dietary fibres (Purseglove, 1968; Dantas et al., 2021). According to Katankar et al. (2025), 100 grams of raw okra serves as a rich source of essential micronutrients, providing approximately 1.2 mg of thiamine, 60 μg of folate, 57 mg of magnesium, 52 mg of calcium, 61 mg of phosphorus, 299 mg of potassium, 23 mg of vitamin C, and 31.3 μg of vitamin K. Beyond its nutritional value, okra possesses various medicinal properties. Its high iodine content aids in goitre control, while leaves are used to prepare anti-inflammatory medicines. As noted by Roy et al. (2014), the mucilage derived from okra fruits has historically been incorporated into traditional medicinal practices. Its reported applications include the management of diarrhoea and dysentery, and is used to alleviate inflammation and irritation within the gastric mucosa (stomach lining). The mucilage of okra fruit is used for thickening of soups and gravies. Mucilaginous extracts from roots and stems serve as clarifiers in jaggery manufacturing (Chavan et al., 2007). Okra seeds, characterized by their high content of unsaturated fatty acids, including linoleic acid, have several practical and industrial applications (Elkhalifa et al., 2021). Historically, crushed seeds have been utilized as a cattle feed supplement to enhance milk production. Moreover, the plant's fiber finds use in the paper and textile industries. Concurrently, there is a burgeoning scientific focus on okra's nutraceutical and therapeutic potential, a trend driven by the identification of various beneficial bioactive compounds within the plant.

In recent years, agricultural practices have undergone a significant transformation. Growing awareness highlights the negative impact of over reliance and imbalanced chemical fertilization on soil's intrinsic physicochemical attributes. Declining soil fertility, reduction in beneficial soil microflora, heightened crop susceptibility to pests and diseases, increasing environmental concerns and the diminishing efficiency of fertilizers have collectively emphasized the necessity to develop sustainable alternatives to costly, energy intensive and environmentally harmful chemical inputs. This has catalysed renewed interest in integrated nutrient management, organic amendments and biological inputs that align with the principles of agroecology and sustainability.

In recent years, biofertilizers have become an essential component of organic farming, constituting the present and future mandate of Indian agriculture. According to Bahadur et al. (2004), biofertilizers are essentially microbial formulations that significantly improve soil fertility. These agriculturally valuable microorganisms function by promoting the addition, conservation and biological transformation of critical nutrients, effectively converting them from forms inaccessible to plants into plant available forms. This enhancement is achieved through various underlying biological mechanisms. Complementary use of biofertilizers offers the best alternative to intensive chemical fertilizers, as unlike chemicals, they will remain in the soil, multiply, take part in the nutrient cycle and improve crop production (Muthuswamy et al., 2023). These microbial agents ultimately offer an environmentally sound method to mitigate the harmful consequences associated with conventional agricultural techniques. In this regard, the present study was envisaged to evaluate the efficacy of biofertilizers on the growth, earliness and fruit biometrics in okra. 

2. materials and methods 

The investigation utilized the okra cultivar Arka Anamika and was carried out at the Department of Olericulture, College of Agriculture, Kerala Agricultural University, located in Vellanikkara, Thrissur. The experimental site's precise geographical coordinates are 100 32’ N latitude and 720 16’ E longitude, with an elevation of 22.25 m above Mean Sea Level (MSL). The soil at this location is classified as a well-drained laterite. 
The experimental field underwent two rounds of ploughing during preparation, followed by thorough weed removal and land levelling prior to layout establishment. The experimental structure employed a Randomized Block Design (RBD), consisting of 13 distinct treatments replicated three times. Individual plot dimensions measured 3.6x3.6 m, with a plant spacing of 60x45 cm. Manure and fertilizer applications adhered strictly to the Package of Practices (POP) recommendations for okra published by Kerala Agricultural University (KAU). Accordingly, FYM @ 12 t/ha and NPK @ 50:8:25 kg N: P2O5: K2O/ha were applied. The entire quantity of FYM, along with half the recommended dose of nitrogen and the full recommended doses of P₂O₅ and K₂O, were applied as a basal treatment, while the remaining half of the nitrogen dose was administered at 30 days after sowing (DAS).
The okra variety Arka Anamika, developed by the Indian Institute of Horticultural Research (IIHR), Bangalore, was chosen for the study. The experiment utilized several specific microbial formulations: commercial preparations of Azospirillum and Arbuscular Mycorrhizal Fungi (AMF), which were procured from the College of Agriculture, Vellayani, as well as Symbion-K, a product containing the bacterium Frateuria aurantia. Farm Yard manure (FYM) containing 1% N, 0.5% P₂O₅ and 1% K₂O was utilized in the experiment. Urea containing 46 percent nitrogen, Factomphos containing 20 percent nitrogen and 20 percent phosphorus, and Muriate of Potash containing 60 percent potassium served as sources of chemical fertilizers. Azospirillum and Arbuscular Mycorrhizal Fungi (AMF) were incorporated into the root zone after being thoroughly mixed with dried FYM at a 1:25 ratio. Frateuria was mixed with FYM @ 4ml/kg FYM. Mulching was provided in all treatments. 	Comment by RAJESHRI VEKARIYA: Add space between per cent
[bookmark: _Hlk210900001]The experiment comprised thirteen distinct treatment combinations.  T₁: Application of FYM along with Azospirillum (2 kg ha⁻¹), T₂: Application of FYM with AMF (2 kg ha⁻¹),
T₃: Application of FYM with Frateuria (2 kg ha⁻¹), T₄: Application of FYM along with Azospirillum (2 kg ha⁻¹) and AMF (2 kg ha⁻¹), T₅: Application of FYM with Azospirillum (2 kg ha⁻¹) and Frateuria (2 kg ha⁻¹), T₆: Application of FYM with AMF (2 kg ha⁻¹) and Frateuria (2 kg ha⁻¹), T₇: Application of FYM together with 2 kg ha⁻¹ each of Azospirillum, AMF and Frateuria, T₈: Application of double the dose of FYM along with 2 kg ha⁻¹ each of Azospirillum, AMF and Frateuria, T₉: Application of FYM with half the recommended dose of NPK and 2 kg ha⁻¹ each of Azospirillum, AMF and Frateuria, T₁₀: Application of FYM along with three-fourth of the recommended NPK dose and 2 kg ha⁻¹ each of Azospirillum, AMF and Frateuria, T₁₁: Application of FYM with the full recommended dose of NPK and 2 kg ha⁻¹ each of Azospirillum, AMF and Frateuria, T₁₂: Application of 2 kg ha⁻¹ each of Azospirillum, AMF and Frateuria without FYM and T₁₃: Application of manures and fertilizers as recommended in the package of practices of KAU (control).

Furrows were manually weeded at regular intervals to maintain a weed free field. Irrigation was carried out daily during the first week, followed by watering once every two days thereafter. An earthing up procedure, described as light, was conducted concurrently with the application of the remaining 50% of the nitrogen dose at 30 days after sowing (DAS). Subsequently, mulching was performed at 45 DAS. The okra fruits were collected when they reached the appropriate vegetable maturity stage.

Observations were taken at periodic intervals. Plant height was measured from the base to the terminal bud at 60, 80 and 100 days after sowing (DAS) from the selected plants. The mean values were calculated and expressed in metres. The number of leaves and branches were counted at 60 DAS, 80 DAS and 100 DAS from the selected plant, and the mean was calculated. The relative chlorophyll content in the leaf tissue was quantified non-destructively at 70 days after sowing (DAS) using a SPAD (Soil and Plant Analysis Development) meter (Konica Minolta). Ten mature leaves were selected for taking observation. The mean was noted and expressed in SPAD units. 
Following the final harvest, plant samples were collected from each plot to determine biomass. Plant samples underwent an initial period of shade drying prior to being transferred to an oven. They were subsequently dried at a controlled temperature of 80 ± 5°C until a constant weight was achieved. The ultimate plant dry weight was then recorded and reported as grams per plant. Key phenological data were also recorded throughout the experiment, including the number of days from sowing to first opening of first flower, the node number of the first flower's appearance, and the number of days taken for the first harvest of fruits. The acquired data for each characteristic were statistically evaluated using Analysis of Variance (ANOVA). Subsequently, Duncan's Multiple Range Test (DMRT) was applied to group and compare the treatment means. All data computation and statistical analyses were performed utilizing the MSTATC software package. 
3. results and discussion

I. Influence of biofertilizers on crop earliness
While earliness is fundamentally a genetically determined trait, its expression is demonstrably influenced to a significant degree by various external factors, including environmental conditions, cultural practices and the nutritional status of the plant.

a. Days to first flower opening
The different treatment applications exerted a statistically significant influence on the number of days required for the plants to reach first flowering. The earliest flower initiation was observed in plants receiving a dual inoculation of AMF and Frateuria along with FYM (T6), flowering in just 39.67 days. Conversely, the longest duration to flowering (42.67 days) was recorded in treatments T4 (FYM + Azospirillum + AMF) and T12 (Azospirillum + AMF + Frateuria). The remaining treatments showed statistically on par results. The observed earliness in T6 is likely attributable to the enhanced availability of phosphorus, a nutrient known to promote reproductive development (Anburani and Manivannan, 2002). The synergistic activity of AMF and Frateuria may have increased phosphorus and potassium uptake, stimulating the synthesis of bioactive substances like cytokinins. The movement of cytokinins to the axillary buds is thought to trigger the plant's transition into the reproductive phase, thereby inducing an earlier flowering stimulus (Amritalingam and Balakrishnan, 1988; Anburani and Manivannan, 2002).	Comment by RAJESHRI VEKARIYA: at
b. Node at which first flower appears
Analysis revealed that the treatments had no statistically significant effect on the specific node where the first flower emerged. The flower appeared at lower nodes (4.0) in T2 (FYM + AMF), T6 (FYM + AMF + Frateuria), and T9 (FYM (as per POP) + ½ (NPK) + Azospirillum + AMF + Frateuria). In treatments T4, T7, T8 and T12 the flower appeared at the 5th node.

c. Days to first harvest
The time required for the first fruit harvest showed significant variation across the treatments. Treatment T6 (FYM + AMF + Frateuria) resulted in the earliest harvest at 46.33 days. All treatments, with the exception of T2 and T3, were statistically on par. Conversely, more duration to first harvest was observed in the sole application treatments: T3 (Frateuria only, 53.67 days) and T2 (AMF only, 53.00 days). The accelerated harvest observed in T6 is likely due to the synergistic effect of the combined biofertilizers and FYM on plant phytohormones, which promote both early flowering and subsequent early maturity (Chaurasia et al., 2008). Furthermore, this synergistic effect is hypothesized to increase the photosynthetic rate and the rapid translocation of photosynthates, thereby establishing an optimal source sink relationship that expedites fruit development and maturation. Therefore, it can be inferred from Table 1 that with regard to earliness of crop, application of FYM along with AMF and Frateuria performed better than other treatments.

[bookmark: _Hlk201139642]Table 1. Influence of biofertilizers on crop earliness 

	Treatments
	Days to 1st flower opening
	Node at which 1st  flower appeared
	Days to first harvest

	T1
	40.33
	4.33
	51.00

	T2
	41.00
	4.00
	53.00

	T3
	41.67
	4.67
	53.67

	T4
	42.67
	5.00
	52.33

	T5
	41.00
	4.33
	47.67

	T6
	39.67
	4.00
	46.33

	T7
	41.00
	5.00
	51.67

	T8
	41.67
	5.00
	49.67

	T9
	41.67
	4.00
	50.33

	T10
	41.00
	4.33
	50.33

	T11
	41.33
	4.33
	49.67

	T12
	42.67
	5.00
	51.00

	T13
	41.00
	4.33
	51.00



II. [bookmark: _Hlk201234554]Influence of biofertilizers on growth parameters
The efficacy of the biofertilizer treatment was evaluated by monitoring key morphological and physiological growth parameters.

a. No of days for seed germination
The duration of seed germination ranged from four to six days. The maximum days taken for germination (6 days) were recorded in T13 (Manures and fertilizers as per POP recommendation). There were no significant variations.

b. Height of plant (m)
High yield is fundamentally linked to plant height, which is widely recognized as a significant measure of plant vigour. Treatment effect on plant height was not noticed initially (60 DAS), but with the advancement of growth of the crop (80 and 100 DAS), the differences were apparent (Fig.1). 

The growth analysis revealed a progression in treatment response over time. After 60 days of sowing, plant height ranged from 0.79 m to 1.13 m across the experiment, with no significant variation observed between any of the treatments. By 80 DAS, treatment differences began to emerge, with T11 (POP + Azospirillum + AMF + Frateuria) recording the maximum plant height of 1.95 m. A large set of treatments (T1, T2, T3, T7, T8, T9, T10, and T13) were statistically on par with this maximum height. The most significant differential response was noted at 100 DAS. T10 (FYM + ¾ NPK + Azospirillum + AMF + Frateuria) exhibited the highest recorded height of 2.19 m. This maximum height was statistically similar to the heights recorded in T1, T2, T7, T8, T11 and T13. In contrast, T5 (FYM + Azospirillum + Frateuria) resulted in the minimum plant height of 1.78 m.


[bookmark: _Hlk202342494]Fig.1. Influence of biofertilizers on height of plant at various growth stages

The measured increase in height of the plant is likely a consequence of the multifaceted action of the microbial inoculants. Azospirillum promotes growth directly through increased nitrogen fixation and enhanced nitrogenase activity (Govindarajan and Thangaraju, 2001). Furthermore, its production of phytohormones such as Indole 3-Acetic Acid, gibberellins and cytokinins (Veeraraghavathatham et al., 1988; Pandey and Kumar, 1989) stimulates both cell division and elongation. This hormonal and nutritional boost likely leads to superior root development, improving the capacity of plant for efficient nutrient and moisture absorption, which ultimately results in better overall growth. In parallel, Arbuscular Mycorrhizal Fungi (AMF) play a crucial role by essentially expanding the effective volume of soil that the plant roots can access, significantly enhancing the uptake efficiency of essential nutrients, particularly phosphorus and improving water status (Singh et al., 2010). Additionally, Frateuria plays a vital role by supplying bioavailable potassium, which is crucial for activating numerous enzymes necessary for fundamental plant growth processes.
.
c. Number of leaves
Leaf biomass production is inherently linked to photosynthesis, as leaves are the principal source organs that supply assimilates to metabolic sinks (developing fruits and roots). Consequently, the overall magnitude of leaf production is dynamically controlled by the synergy between environmental variables and the plant's available nutrition. Leaf number at 60, 80 and 100 DAS showed significant differences. At 60 DAS, treatment T8 (FYM (double dose) + Azospirillum + AMF + Frateuria) and T9 (FYM (as per POP) + ½ (NPK) + Azospirillum + AMF + Frateuria) showed the maximum number of leaves (37.67). All the treatments except T1, T3 and T12 were on par. At 80 DAS, T8 (FYM (double dose) + Azospirillum + AMF + Frateuria) recorded the maximum leaf number (54.33). At 100 DAS, also maximum leaves (50.33) were observed in T8 (FYM (double dose) + Azospirillum + AMF + Frateuria), and the treatments T5, T6, T7, T9, T10 and T11 were on par. The least number of leaves was observed in T12 (Azospirillum + AMF + Frateuria) at all stages (Fig. 2).


Fig.2. Influence of biofertilizers on number of leaves at various growth stages
During all the developmental stages, T8 (FYM (double dose) + Azospirillum + AMF + Frateuria) recorded the maximum leaf number. FYM has optimum C:N, which, on decomposition by microorganisms, releases nutrient ions in usable form such as ammonium, nitrates, sulphates and phosphates, and makes them available to plants. This increase in the mineral constituent of soil might have exerted a greater number of leaves since nitrogen is the chief constituent of amino acids and co-enzymes of biological importance. Creus et al. (2005) reported that Azospirillum produced nitric oxide which has a direct role in lateral root development of plants. This increased translocation of nutrients, especially nitrogen that is essential for the formation of protoplasm, might have led to increased cell division and cell enlargement, ultimately resulting in increased production of leaves (Maynard et al., 1962; Karuthamani et al., 1995). The observation that Arbuscular Mycorrhizal Fungi (AMF) inoculation leads to higher cytokinin activity in the plant shoot (Baas and Kuiper, 1989) offers a plausible explanation for the changes in shoot morphology. Since cytokinins are recognized promoters of leaf growth by stimulating both cell division and cell expansion (Vanstanden and Davey, 1979), it is highly probable that these hormones were instrumental in altering the shoot structure, consequently resulting in an increased leaf number.

d. Number of branches
The branch count remained statistically non-significant throughout the experiment, indicating a uniform growth pattern regardless of treatment. Quantitatively, the number of branches per plant varied minimally, spanning 3.33 to 4.67 at the final observation period of 100 DAS (Table 2).

Table 2. Influence of biofertilizers on number branches at various growth stages

	Treatments
	No of branches

	
	60 DAS
	80 DAS
	100 DAS

	T1
	2.67
	2.67
	3.33

	T2
	3.33
	3.33
	3.33

	T3
	2.67
	2.67
	3.67

	T4
	2.67
	3.33
	3.67

	T5
	3.33
	3.33
	4.00

	T6
	3.00
	3.33
	3.33

	T7
	3.00
	3.33
	4.00

	T8
	3.33
	3.33
	4.33

	T9
	3.00
	3.33
	4.67

	T10
	3.33
	3.33
	4.00

	T11
	3.00
	3.33
	3.67

	T12
	2.33
	2.67
	3.67

	T13
	2.67
	3.33
	3.33



e. Chlorophyll content 
Significant variation was observed among treatments regarding the relative chlorophyll content of leaves at 70 DAS, as illustrated in Fig. 3. The maximum chlorophyll content of 48.73 SPAD units was recorded in treatment T8 (double dose of FYM + Azospirillum + AMF + Frateuria). This value was statistically on par with a large group of treatments, including T1, T2, T3, T5, T6, T10, T11 and T12. Conversely, the minimum chlorophyll content (40.73 SPAD units) was measured in T4 (FYM + Azospirillum + AMF). 
Nitrogen is the major constituent of chlorophyll and increased nitrogen fixation by Azospirillum might have increased chlorophyll content (Sharma, 2002; Patel et al., 2009). In addition, organic manures and AMF might have supplied micronutrients like Mn, Zn, Fe and Cu at an optimum level (Linderman, 1992; Haymann and Mosse, 1971; Prabhu et al., 2006) where zinc and iron are involved in chlorophyll synthesis (Kiran et al., 2010). The increased chlorophyll content by AMF is reported to be due to its activity in the prevention of chlorophyll degradation (Allen, 1981) also. The enhanced chlorophyll content is likely a result of improved plant metabolic activity facilitated by the applied organic manures and biofertilizers. These inputs may have ensured a consistent and adequate supply of crucial micronutrients necessary for chlorophyll formation during the critical early growth period
Fig.3. Influence of biofertilizers on chlorophyll content of leaves
f. [bookmark: _Hlk201234819]Dry matter production of the plant (g/plant)
The dry matter production (total) at the final harvest showed significant difference (Fig.4.). The highest plant dry weight values were observed in treatments T8 and T10, which significantly outperformed all other treatments. T8 FYM (double dose) + Azospirillum + AMF + Frateuria) yielded the maximum dry weight of 350.50 g/plant, representing an increase of 15.97 per cent over the control group. T10 (FYM (as per POP) + ¾ (NPK) + Azospirillum + AMF + Frateuria) followed closely with a yield of 345.49 g/plant, showing an increase of 14.31 per cent over the control. In contrast, the lowest plant dry weight of was recorded in treatment T3 (FYM + Frateuria) ie. 230.39 g/plant	Comment by RAJESHRI VEKARIYA: the lowest plant dry weight of okra	Comment by RAJESHRI VEKARIYA: add full stop.


Fig.4. Influence of biofertilizers on total dry matter production
The application of biofertilizers likely enhanced the uptake of Nitrogen (N), Phosphorus (P) and Potassium (K). This improved nutrient status subsequently optimized photosynthesis and promoted greater accumulation of photoassimilates (food deposits) within the plants. Furthermore, the growth promoting substances (phytohormones) synthesized by the biofertilizers may have stimulated increased cell multiplication. These combined physiological effects resulted in superior vegetative growth, culminating in significantly higher fresh and dry weights. 
4. Conclusion

The utilization of Integrated Nutrient Management (INM) alongside biofertilizers resulted in a marked improvement in growth parameters, which positively influenced crop earliness. The enhanced performance is attributed to the INM strategy ensuring a sustained supply of nitrogenous compounds, complemented by the microbial inoculants' role in producing growth promoting substances. These hormonal contributions stimulated nutrient and water uptake, leading to denser biomass and increased photosynthate accumulation. The combined application created an optimal rhizosphere environment for nutrient scavenging.
While the maximum growth was recorded in the treatment featuring a double dose of FYM and the complete biofertilizer package, the treatment utilizing a reduced chemical fertilizer dose (75%) alongside FYM and biofertilizers performed nearly identically. This demonstrates the potential for reducing chemical fertilizer dependency by through effective integration of biofertilizers and organic amendments, thus maintaining high crop growth and development standards.
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 60 DAS	
T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	0.96	1.07	1	1.03	1.03	0.81	1.02	1.1299999999999999	1.03	1.04	1.1100000000000001	0.79	1.08	 80 DAS	
T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	1.69	1.74	1.79	1.68	1.63	1.67	1.84	1.81	1.71	1.88	1.95	1.53	1.72	 100 DAS	
T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	1.96	1.97	1.84	1.84	1.78	1.92	2.12	2.15	1.92	2.19	2.12	1.86	1.95	Treatments


Plant height (m)



60 DAS	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	27.67	31.33	27	28.67	28.67	30.67	32.33	37.67	37.67	30.67	33	23.33	30.33	80 DAS	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	40	41	41.67	42	45	46	42	54.33	49	50.33	45	36.33	41	100 DAS	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	34.67	35.67	36.67	36.33	39	41	43.33	50.33	43.33	45.67	43.33	31.67	36.67	Treatments


Number of leaves




Fig 3 Effect of biofertilizers on chlorophyll content 	Chlorophyll content (SPAD units)	
T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	45.65	46.71	45.61	40.729999999999997	47.71	44.42	43.4	48.73	43.12	45.71	44.48	44.13	43.95	Treatments


Chlorophyll content (SPAD Units)



Total dry matter production (g/plant)	
T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	T13	254.81	263.61	230.39	272.63	315.70999999999998	290.44	319.39	350.5	323.69	345.49	318.55	258.54000000000002	302.24	Treatments


Total dry matter production (g/plant)


