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ABSTRACT
	            The field experiment was conducted during kharif season of the year 2024 at Experimental Farm, Department of Agronomy, Faculty of Agriculture, Annamalai university to study the effect of Integrated nutrient management on nutrient uptake and post-harvest available nutrient status of irrigated Sorghum. The postharvest soil N, P and K were found to be significantly higher with the treatment (T7) - 50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 + Azophos @ 20 kg ha-1. The lower postharvest soil available nutrients were estimated under treatment (T4) -50% RDF + Azophos @ 20 kg ha-1. The experiment was laid out in randomized block design with three replications and seven treatments with Sorghum CO 30 as test variety. There were altogether seven treatments viz., T1-100% RDF (90:45:45 kg N: P2O5: K2O ha-1), T2-50% RDF + Vermicompost @ 2.5 t ha-1 , T3-50% RDF +ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1, T4-50% RDF +  Azophos @ 20 kg ha-1, T5-50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1, T6-50% RDF + Vermicompost @ 2.5 t ha-1 + Azophos @ 20 kg ha-1, T7-50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 + Azophos @ 20 kg ha-1.The treatment T7 with 50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 + Azophos @ 20 kg ha-1 recorded higher values of nutrient uptake with nitrogen (136.53 kg ha-1) ,phosphorus (45.51 kg ha-1) and potassium(168.87 kg ha-1). Also recorded higher post- harvest soil available nutrients with nitrogen (237.42 kg ha-1), phosphorus (18.70 kg ha-1), potassium (327.08 kg ha-1).
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1. INTRODUCTION
“Sorghum is the fourth most important coarse crop in the world after wheat, rice, and maize in semi-arid tropical regions and an important staple food grain for millions of the world poorest and most food-insecure people. Sorghum is renowned as a nature-care crop due to its remarkable resilience in challenging conditions like dry weather and high temperatures, setting it apart from other crops particularly valued for its ability to thrive in regions with scarce rainfall and elevated temperatures, such as semi-arid tropics and sub-tropical areas worldwide” [1]. “Considering the importance of millets and coarse millets like Sorghum the United Nations General Assembly (UNGA) declared the year 2023 as the “International year of Millets” and increased its minimum support price” [2] & [3]. “In Tamil Nadu, it is cultivated over an area of 0.40 million hectares with a production of 0.29 million tonnes and with productivity of 735 kg ha-1” [4]. “The complementary role of organics as supplements to chemical fertilizers is important for keeping the soil healthy to harness the potential yield in Sorghum and improve the nutrient uptake of crops” [5]. The combination of various sources of Nitrogen viz. Urea, FYM, and Biofertilizers would be an ideal option to meet the higher nitrogen demands of crops [6]. “In addition, biofertilizers complement chemical fertilizers, making them ideal partners and essential supplements for sustainable agricultural practices. Also, biofertilizers play a vital role in increasing nutrient availability and enhancing productivity in an environmentally sustainable manner” [7] & [8]. To maintain soil health with improved fertilizer, use efficiency, the integration of chemical fertilizers with biofertilizers and organic manures may be one of the options that can provide stability and sustainability in the productivity of irrigated Sorghum with improved quality on a long-term basis.
2. MATERIALS AND METHODS
The field experiment was conducted during January-May 2024 is moderately warm with hot summer months. The field experiment was laid out in the experimental farm, Department of Agronomy, Annamalai university, Annamalai Nagar. The experimental farm is geographically located at 11o24’N latitude and 79o44’ E longitude with an altitude of 5.79 m above the mean sea level (MSL). The soil type of the experiment field was clay loam in texture with low in available nitrogen (230.10 kg ha-1), medium in available phosphorus (16.82 kg ha-1) and high in available potassium (322.6 kg ha-1) with pH 7.6 and organic carbon level (0.54%). The seeds of Sorghum variety CO 30 @ 10 kg ha-1 were sown at 45 cm x 15 cm spacing and all the nutrients were applied at sowing as per the treatments. the computed data were subjected to statistical scrutiny as per the procedure given by [9] for better interpretation of results.
3. RESULT AND DISCUSSION
[bookmark: _Hlk188944013]3.1 Nutrient uptake
3.1.1. Effect of INM on Nitrogen uptake (kg ha-1)
“In Treatment (T7), 50%RDF + Vermicompost @ 2.5t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1+ Azophos @ 20 kg ha-1 the Sorghum plant recorded greater nitrogen uptake of 136.53 kg ha -1 and outperformed all other treatments was presented in the Table 1. This was followed by the treatment (T5) application of 50% RDF + Vermicompost @ 2.5t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1. The treatment (T6)-50% RDF + Vermicompost @ 2.5 t ha-1 + Azophos @ 20 kg ha-1 was found to be statistically on par with (T2) -50% RDF + Vermicompost @ 2.5 t ha-1. The lowest nitrogen uptake of 91.85 kg ha -1 was noticed from treatment (T4)-50% RDF + Azophos @ 20 kg ha-1. The increased Nutrient uptake observed in treatment (T7) can be attributed due to higher availability of nutrients by synergetic effect of combined application of organic and inorganic sources can produce photohormones that can stimulate root growth and induce change in root morphology and root proliferation, which in turn increase assimilation and uptake of nutrients. Also, inclusion of organic sources like vermicompost and bio fertilizers also helped in increase source sink relationship. These results were, in agreement with the findings of” [10], [11], [12]. These results agreed with the findings of [13]. “Also integrated application of nutrients resulted in increased vegetative growth which draw to absorption of higher nitrogen from the soil and accumulation of N into the plant. The result revealed that significantly highest N uptake content was found.  Similar findings were reported by” [14].
3.1.2. Effect of INM on Phosphorus uptake (kg ha-1)
“The maximum phosphorus uptake of 45.51(kg ha -1) was observed under the treatment (T7) - application of 50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 + Azophos @ 20 kg ha-1 (T7) [Table 1]. This was followed by (T5)-50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 which recorded phosphorus uptake of 40.97 kg ha-1. application of micronutrient and bio fertilizers in combination with RDF improves nutrient uptake since they not only involve in atmospheric nitrogen fixation and phosphorus solubilisation but also help in stimulating the plant growth hormones like IAA, NAA and gibberellic acid and provide increased tolerance towards drought and moisture stress thereby higher nutrient uptake is obtained. These results agreed with the findings of” [15]. “Also increase the concentration of nutrients in grain as well as stover and there by increased the uptake of nutrients. These results agreed with the findings of” [16]. In addition to mobilizing and supplying iron and zinc, integrated application of these nutrients with vermicompost improves crop uptake of nutrients by controlling their supply to the crop through mineralization and protects them from leaching and other losses. Similar results are obtained by [17] and [18].
3.1.3. Effect of INM on Potassium uptake (kg ha-1)
“The highest potassium uptake of 168.87 kg ha -1 was observed under the treatment (T7)-50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 + Azophos @ 20 kg ha-1 [Table 1]. This was followed by (T5)-50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 which recorded potassium uptake of 164.98 kg ha-1. Also, (T6)- 50% RDF + Vermicompost @ 2.5 t ha-1 + Azophos @ 20 kg ha-1 which recorded potassium uptake of 126.27 kg ha-1 was on par with (T2)-50% RDF + Vermicompost @ 2.5 t ha-1. The highest potassium uptake in treatment (T7) might be due to Organic fertilizers (compost or manure) provide slow-release nutrients and improve soil structure, thus promoting nutrient availability. Inorganic fertilizers, such as synthetic N, P, and K, supply readily available nutrients for immediate uptake by plants. Henceforth combined application of organic sources and inorganic sources proved better nutrient uptake rather than sole application. These results agreed with the findings of” [19]. Also, application of RDF along with Micronutrients and biofertilizers has significant effect on the proliferation of roots and thereby increasing the uptake of the plants nutrients from the soil supplying into the aerial parts of the plant and ultimately enhancing the vegetative growth and nutrient uptake of the plant. Similar results are obtained by [20] and [21]. “Moreover, bio fertilizers and micronutrients in combination with RDF improves nutrient uptake since they not only involve in atmospheric nitrogen fixation and phosphorus solubilisation but also help in stimulating the plant growth hormones like IAA, NAA and giberellic acid and provide increased tolerance towards drought and moisture stress thereby higher potassium uptake is obtained. These results agreed with the findings of” [15].
3.2. Post - Harvest Nutrient Status (kg ha-1)
3.2.1. Effect of INM on post -harvest Available nitrogen (kg ha-1)
“The highest post-harvest soil available nitrogen of 237.42 kg ha-1 was observed under the treatment (T4)-50% RDF + Azophos @ 20 kg ha-1 [Table 2]. This was followed by 
(T2)- 50% RDF + Vermicompost @ 2.5 t ha-1 which is on par with treatment (T6). The least soil available nitrogen of 219.85 kg ha-1 was recorded from (T7)-50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 + Azophos @ 20 kg ha-1 maximum postharvest nitrogen status in treatment (T4) is due to least nutrient uptake of Sorghum crop due to poor absorption of nutrients. Similar findings were reported by” [16].
3.2.2. Effect of INM on post -harvest Available phosphorus (kg ha -1)
“The highest post-harvest soil available phosphorus of 18.70 kg ha-1 was observed under the treatment (T4)-50% RDF + Azophos @ 20 kg ha-1 [Table 2]. This was followed by (T2)- 50% RDF + Vermicompost @ 2.5 t ha-1 which is on par with treatment (T6). The least soil available phosphorus of 14.03 kg ha-1 was recorded from treatment (T7)-50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 + Azophos @ 20 kg ha-1. This might be due to incorporation of cheapest and phosphorus rich source of vermicompost could have increased phosphorus in soil by process of decomposition and release of P from biomass or increased the amount of soluble organic matter which are mainly organic acids that increased rate of absorption of phosphate and thus reduces the available p content in soil. Similar results are obtained by” [21]. “Also, positive interaction of phosphorus with increased nitrogen application i.e., the acidifying effect of added nitrogen fertilizer enhance phosphorus solubility thereby increase the availability of phosphorus and causing less available phosphorus after harvest. Similar results are obtained by” [16].
3.2.3. Effect of INM on post -harvest Available potassium (kg ha -1)
“The highest post-harvest soil available potassium of 327.08 kg ha-1 was observed under the treatment (T4)-50% RDF + Azophos @ 20 kg ha-1 [Table 2]. This was followed by 
(T2)- 50% RDF + Vermicompost @ 2.5 t ha-1 which is on par with treatment (T6). The least soil available potassium of 312.03 kg ha-1 was recorded from treatment (T7)-50% RDF + Vermicompost @ 2.5 t ha-1 + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 + Azophos @ 20 kg ha-1 which might be due to  vermicompost and biofertilizer treated plots still give the highest value among all the treatments because of release of slow release of nutrients at the later stages of plant growth and higher nutrient uptake resulted in lower values of post -harvest available potassium in soil. Similar results are obtained by” [23].
4. CONCLUSION
The results of the field experiment on Sorghum crop revealed that nutrient uptake was significantly influenced by the integrated application of 50% RDF Vermicompost @ 2.5 t ha-1 +ZnSO4 @ 20 kg ha-1 + FeSO4 @   25 kg ha-1 + Azophos @ 20 kg ha-1 treatment (T7). Whereas higher post -harvest nutrient status was observed under treatment (T4)-50% RDF + Azophos @ 20 kg ha-1. Based on the perspective of crop nutrient uptake it can be concluded that the treatment (T7) 50% RDF Vermicompost @ 2.5 t ha-1 +ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 + Azophos @ 20 kg ha-1 was highly impressive and more promising as efficient integrated nutrient management system for enhancing crop nutrient uptake in Sorghum, ecologically safe and also improving soil fertility which is felt need of present-day agriculture and cost-effective approach to Sorghum cultivation. Whereas in case of post-harvest available nutrient status of soil treatment (T4)-50% RDF + Azophos @ 20 kg ha-1 recorded higher value and treatment (T7) recorded least value and this reduction of post -harvest available nutrient in soil is due to higher nutrient uptake of Sorghum crop due to better absorption of nutrients.
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Table 1. Effect of integrated nutrient management on the nutrient uptake (kg ha-1) of Sorghum
	Treatments
	Nitrogen uptake
 (kg ha -1)
	Phosphorus uptake
(kg ha -1)
	Potassium uptake
(kg ha -1)

	T1-100% RDF (90:45:45 kg N: P2O5: K2O ha-1)
	116.44
	39.53
	153.73

	T2-50% RDF + Vermicompost @ 2.5 t ha-1
	107.24
	35.71
	124.78

	T3-50% RDF +ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1
	112.67
	38.11
	145.81

	T4-50% RDF + Azophos @ 20 kg ha-1
	91.85
	24.93
	117.44

	T5-50% RDF + Vermicompost @ 2.5 t ha-1 +ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1
	133.98
	40.97
	164.98

	T6-50% RDF + Vermicompost @ 2.5 t ha-1  + Azophos @ 20 kg ha-1
	109.83
	36.01
	126.27

	T7-50% RDF + Vermicompost @ 2.5 t ha-1 +ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1  + Azophos @ 20 kg ha-1
	136.53
	45.51
	168.87

	S.Ed
	1.39
	0.56
	1.83

	CD(P=0.05)
	2.92
	1.18
	3.86




	Treatments
	Post-harvest Available Nitrogen (kg ha-1)
	Post-harvest Available phosphorus (kg ha -1)
	Post-harvest Available potassium (kg ha -1)

	T1-100% RDF (90:45:45 kg N: P2O5: K2O ha-1)
	224.12
	15.75
	315.86

	T2-50% RDF + Vermicompost @ 2.5 t ha-1
	230.78
	17.89
	324.28

	T3-50% RDF +ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1
	227.80
	16.02
	318.68

	T4-50% RDF + Azophos @ 20 kg ha-1
	237.42
	18.70
	327.08

	T5-50% RDF + Vermicompost @ 2.5 t ha-1 +ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1
	223.82
	15.23
	314.84

	T6-50% RDF + Vermicompost @ 2.5 t ha-1 + Azophos @ 20 kg ha-1
	228.33
	16.94
	321.49

	T7-50% RDF +Vermicompost @ 2.5 t ha-1 +ZnSO4 @ 20 kg ha-1 + FeSO4 @ 25 kg ha-1 + Azophos @ 20 kg ha-1
	219.85
	14.03
	312.03

	S.Ed
	1.39
	0.56
	1.30

	CD(P=0.05)
	2.92
	1.18
	2.75


Table 2. Effect of integrated nutrient management on the post -harvest soil available nutrient status (kg ha-1) of Sorghum

