Dry matter and nutrient uptake of maize-sesame cropping system as influenced by plant stand and nitrogen management strategies	Comment by Maher: It needs to be reformulated


Abstract
“A field experiment was conducted during “rabi” and “summer” seasons of 2022-23 and 2023-24 at Regional Agricultural Research Station, Nandyal, Acharya N.G. Ranga Agricultural University, Andhra Pradesh in “split-plot design” with three replications to study the effect of different plant stand and nitrogen management strategies under fertigation. Among the different  plant stand in maize,  higher dry matter production was recorded at plant stand P1 (1,11,111 plants ha-1) which was in parity with P2 (83,333 plants ha-1) but the effect of plant stand on succeeding crop sesamum was found to be non-significant. With regard to nitrogen management strategies, maximum dry matter production and nutrient uptake in maize was recorded with application of nitrogen based on NDVI (N4), which was significantly superior to application of nitrogen based on SPAD (N3). Residual effect of fertilizers and its impact on dry matter production and nutrient uptake of sesame was found to be higher with N5 (NDVI based N application) The next best treatment was RDF (N1), which was however comparable with application of nitrogen based on NDVI (N4) and SPAD (N3) and the lower dry matter production and nutrient uptake was with the control in maize-sesame cropping system.  	Comment by Maher: List all the numbers in the superior qualities
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                      uptake	Comment by Maher: List 5 words briefly
INTRODUCTION	Comment by Maher: The introduction is very short
Maize is one of the important cereal crop in the world after wheat and rice. It has many potential possible uses such as food, feed, fodder for livestock and raw material for industry. In India maize is cultivated in an area of 9.86 million hectares with a production of 31.51 million tonnes and productivity of 3195 kg ha-1. In Andhra Pradesh, maize occupied an area of 0.30 million hectares with a production of 1.95 million tonnes and productivity of 6438 kg ha-1(Ministry of Agriculture and Farmers Welfare,  2024).
Generally in maize, lower plant population and poor nutrient management practices are the major factors affecting the yield (Dawadi and Sah, 2012). Plant spacing or population is most important factor which plays a significant role on growth, development and yield of maize. Generally, optimum plant population utilize solar radiation and nutrients efficiently.  Proper plant density is important from the point of intercepting sunlight for photosynthesis besides, efficient use of plant nutrients and soil moisture. 	Comment by Maher: reference
	  N is  of the constituent of protein and nucleic acids and chlorophyll that enables the plant to transfer energy from sunlight through photosynthesis. Therefore, adequate supply of N is necessary to achieve and sustain higher yield potential in crops (Sharifi and Namvar, 2016). 
	The current approaches to detect soil and plant N levels are soil-testing, visual diagnosis and foliar analysis. However, these conventional approaches are time consuming, expensive, require considerable effort for soil collection or plant sampling, analysis and results are not immediately available. To determine the nitrogen status of standing crops, there are different types of gadgets available for improving nitrogen use efficiency such as leaf colour chart (LCC) and crop sensors like SPAD meter and GreenSeeker, which can indirectly estimate crop N status of the growing crops and help to define time and quantity of in-season fertilizer N top dressings in maize crop. Supplemental N fertilizer applications are thus synchronized with crop demand. Application of nitrogenous fertilizers based on soil test value and practicing SSNM through decision support tool namely nutrient expert can be a viable option and has a considerable impact in improving the nitrogen use efficiency thus reducing the loss of nitrogen whereby ensuring precise nitrogen usage. 	Comment by Maher: 	Comment by Maher: reference
Fertigation through drip allows precise and uniform distribution of fertilizer nutrients. Maize is one of the amenable crops for a drip irrigation system, which is an efficient system of irrigation (Zhu etal., 2007). In Indian agriculture, water is becoming a scarce natural resource particularly due to changing the climate. There is a need to increase the food production by efficient use of agricultural inputs especially water and fertilizer.  This study has been carried out for judicious use of important resources like water and fertilizer in precision agriculture.	Comment by Maher: reference
As sesamum is the predominant crop being cultivated in summer, fertigation in maize and its impact on growth and yield of succeeding  sesame is essential to know whether it has as an added advantage in increasing the maize-sesamum productivity.
MATERIALS AND METHODS
The field experiment was conducted at Regional Agricultural Research Station, Nandyal during Rabi, summer 2022-23 and 2023-24  to study the effect of plant stand and nitrogen management strategy on drymatter and nutrient uptake of maize and  sesamum. The experimental soil was deep black  alkaline in reaction (pH 8.3) with EC 0.60 (dSm-1 ), low in organic carbon (0.47%), low in available nitrogen (159 kg ha-1 ), medium in available phosphorus (36.8 kg ha-1 ) and high in available potash (286 kg ha-1 ). The Experiment was laid out in split-plot design. Main plots consists of three plant stand viz., P1: 1, 11,111 plants ha-1 (45 cm x 20 cm), P2:83,333 plants ha-1 (60 cm x 20 cm) and P3:66,666 plants ha-1 (75 cm x 20 cm) and sub plots comprises of N1:100% RDN, N2: Based on  LCC  values (if  < 5.0 apply 30 kg N ha-1), N3: Based on SPAD chlorophyll meter values  (if  < 50 apply 30 kg N ha-1), N4: Based on  NDVI values, N5:Based on  Soil test value (STBR), N6:Based on SSNM nutrient expert and  N7:Control. The Maize hybrid used in the experimentation was DHM-117. The recommended dose of P2O5 and K2O ha-1   80:80 kg through SSP and MOP were applied to all the plots except control. In maize 60 kg N was  applied as basal uniformly from N2 to N4, whenever readings falls below threshold value, 30 kg N will be applied for maize. Two hand weedings were done at 20 and 40 days after sowing to minimize crop- weed competition. There was no serious incidence of any insect-pest and disease during the experimental period. At harvest after collection of cobs the plants were cut to the ground and measured as stover yield. The variety used for sequence crop i.e., sesamum was YLM-66 with an spacing of 45 cm x 10 cm. For sesame a blanket application of 40-20-20 N, P2O5 and K2O ha-1 were applied. Pendimethalin @ 5 ml l-1 of water was applied within 48 hrs after sowing. Intercultivation was done at 20 DAS. At harvest plants were cut close to the ground, dried for 2 days and then threshing was done manually by beating with sticks.
 Five plants were selected at random from net plot area and labeled with tags for recording parameters during crop growing period. The data recorded on various parameters of crop during the course of study was statistically analyzed by following the analysis of variance procedure as suggested by Panse and Sukhatme (1985). Statistical significance was tested with F test at 5 per cent level of probability and compared the treatment means with critical difference. Based on the nutrient content in grain and straw of both crops, the uptake of N, P and K was worked out and expressed in kg ha-1 using the following formula.
			         
                                          Nutrient content (%) x Dry matter production (kg ha-1)
Nutrient uptake (kg ha-1) =   -----------------------------------------------------------------------
                                                                                 100
Results and discussion
Dry matter production (kg ha-1) of maize
 Dry matter production of maize differed significantly with plant stand and nitrogen management strategy. Higher dry matter production was recorded at plant stand P1 (1,11,111 plants ha-1) and was in parity with P2 (83,333 plants ha-1) significantly superior over plant stand (P3). This trend indicates that moderate planting densities promote optimal resource utilization (light, nutrients, and space), leading to increased individual plant growth and dry matter accumulation.  Higher dry matter production in P1 (1,11,111 plants ha-1) might be due to the maximum number of plants per unit area coupled with more number of leaves per plant, resulted in the accumulation of larger quantities of dry matter compared to the lower population of 66,666 plants ha-1, comparable results in moderate planting densities i.e., at plant stand 83,333 plants ha-1 was due to optimal resource utilization (light, nutrients, and space), leading to increased individual plant growth and dry matter accumulation. Increase in dry matter production of maize with increased plant population has been documented by Zakkam (2011). Mercy (2012), Xu et al. (2017) and Singh et al. (2021). Lower leaf area under lower plant density in maize (63,333 plants ha-1) is mainly due to the reduced number of plants per unit area and the weaker expression of density driven physiological responses and was due to inefficient utilization of growth resources as the crop was raised under fertigation.
With regard to nitrogen management strategies, maximum dry matter production was recorded with application of nitrogen based on NDVI (N4) significantly superior to application of nitrogen based on SPAD (N3). This can be attributed to the precise and timely supply of nitrogen in accordance with the crop’s real-time nutrient demand allowing for nitrogen application decisions that support rapid vegetative growth and effective canopy development. Significant improvement in growth parameters like plant stature and leaf production might be attributed to fact that adequate supply of nitrogen helps in maintain higher auxin levels which inturn have favourable effect on cell enlargement, resulting in higher plant height and LAI for better interception  inturn higher photosynthetic rate, which ultimately resulted in higher accumulation of dry matter.  These results align with the earlier reports of    Jyothsna et al. (2021), Shekhawat et al. (2021) and Maheswari et al. (2022) 
Subsequent effective treatment was RDF (N1) on par with soil test based application. The next best treatment was with the application of nitrogen based on LCC (N2) on par with SSNM application (N6) and the lowest was with control (N7).


Dry matter production (kg ha-1) of sesame
 Dry matter production was significantly influenced by nitrogen management strategies, while plant stand and interaction effect were found to be non-significant in the biennial study and their pooled mean.  
Higher dry matter accrual in sesame influenced by nitrogen management practices imposed in preceeding maize was registered in N5 (application of nitrogen based on STBR) significantly superior over rest of the treatments tried. The next best treatments were RDF (N1), which was however comparable with application of nitrogen based on NDVI (N4) and SPAD (N3) significantly superior over application of nitrogen LCC (N2) on par with SSNM (N6) and the lowest was with control. This enhanced dry matter accumulation in sesame might be attributed to better soil resource conservation and improved residual soil fertility. Application of fertilizers as per soil test recommendations ensures an optimum nutrient balance, which not only fulfills the nutrient requirements of maize but also leaves behind residual nutrients, particularly nitrogen. These residual nutrients enhance the initial vigor, photosynthetic capacity, and growth rate of the succeeding crop and inturn the enhanced dry matter production. Similar findings are reported by Mosha (2003) Ratnam et al. (2018) and Munda et al. (2011).
Nutrient uptake (kg ha-1) in maize
Nitrogen uptake by maize at different growth stages was significantly influenced by plant stand and nitrogen management practices  
 	With respect to plant stand, the maximum nitrogen uptake values were noted with P2 (83,333 plants ha-1), at par with P1 (1,11,111 plants ha-1) and P3 (66,666 plants ha-1).
	Uptake of nitrogen is associated with the metabolic activities of plants, the concentration of the nutrients, dry matter production and distribution of ions in the external medium. Nitrogen uptake by the maize crop increased significantly with an increase in planting density up to a certain limit. This might be due to plants at higher plant stand might compete for N at a higher density with crowding stress, but compensate on per hectare basis but plant stand P2 gave higher N uptake because of higher dry matter production and N assimilation. The results are in accordance with those of Bhatt (2012), Luo et al. (2022) and Lai et al. (2023).
 Higher nitrogen uptake was recorded with N4 (application of nitrogen based on NDVI values) and it might be due to better timing and split application of nitrogen, which resulted in higher dry matter production and higher accumulation. This increase in nitrogen uptake was mainly due to N application in split doses according to crop demand, which in turn reduces the losses of N by various means. This was in accordance with Maiti et al. (2004) Ghosh et al. (2013) in rice and Bijay et al. (2015). The conjunctive and complementary effect of right dose at right time of nitrogen application might have resulted in higher N absorption by the crop. N4 is significantly superior to N3 (SPAD based N application), followed by N1 (RDF application) and the lowest nitrogen uptake was recorded with N1 (no nitrogen). 
 	Phosphorus uptake
 	During years of experimentation, the plant stand did not significantly influence the phosphorus uptake, but the nitrogen management strategies had impacted the phosphorus uptake 
Higher phosphorus was with N4 (NDVI based N application) significantly superior over N3 (SPAD based N application) and N3 is at parity with N1 (RDF) and the lower phosphorus uptake was with N1 (No nitrogen). 
The increased P uptake might be due to higher biomass gain and the total ratio of total above ground P content to leaf area index is the driving factor for P uptake. The improved canopy vigor and root proliferation under NDVI-guided treatments might have increased root surface area and rhizosphere activity, promoting greater phosphorus absorption. Moreover, optimized nitrogen supply based on NDVI readings maintains balanced nutrient interactions and avoids antagonism caused by excessive or insufficient nitrogen. Hence, precision N management not only improves nitrogen use efficiency but also facilitates better uptake of other macronutrients such as phosphorus. It shows concurrence with the results of Lawal et al. (2018), Sulochna et al. (2018) and Jyothsna et al. (2021).
 Potassium uptake
Potassium uptake was not influenced by  plant stand  and the interaction effect was also found to be non-significant. 
 Maximum potassium uptake was registered at N4 (NDVI based N application) significantly superior over N3 (SPAD based N application), which is at parity with N1 (RDF), N5 (STBR) and N6 (SSNM) significantly superior over N7 (control). This might be ascribed to synchronized nitrogen supply results in enhanced photosynthetic efficiency and carbohydrate translocation, thereby increasing the energy available for active K⁺ transport across root membranes. Additionally, balanced nitrogen nutrition under NDVI-based management improves ionic equilibrium within plant tissues, reducing competition between cations and enabling more efficient potassium utilization. This coordinated nutrient interaction results in better osmotic regulation, stomatal function, and enzyme activation, all of which depend on sufficient potassium levels, inturn ready availability of nitrogen for the crop which helps in the enhanced absorption of potassium. The results are in agreement with Ravi et al. (2007).
Nutrient uptake in succeeding crop sesamum
 The plant stand had not made a remarkable impact on nitrogen, phosphorus and potassium uptake of sesame due to the treatments imposed in maize.  
Pertaining to nitrogen management strategies, the higher nutrient uptake was encountered with N5 (NDVI based N application) significantly superior over  N1 (RDF) and N4 (NDVI), N3 (SPAD based N application). N3 is superior over N2 (LCC based N application) and N6 (SSNM based N application). The lower was with the control. 
This is due to the greater dry matter accumulation due to increased nutrient uptake inturn leads to increased grain and stalk yield and the results were in accordance with the Mohanty et al. (2015), Ratnam et al. (2018) and Lakum et al. (2020). The interaction effect between plant stand and nitrogen management practices imposed in maize did not have any traceable significance on the nutrient uptake of maize.  
CONCLUSION
	From the results it can be concluded that among the treatment combinations  plant stand 83,333 plants ha-1 coupled with NDVI based application   (P2N4) recorded significantly higher dry matter production and nutrient uptake of maize which was statistically superior over SPAD based N application and plant stand P2 83,333 plants ha-1. STBR (N5) based N application in maize resulted in maximum on dry matter production and nutrient uptake of sesame on clay loam soils of Scarce rainfall Agro-Climatic Zone of Andhra Pradesh.








Table 1: Dry matter production (kg ha-1) of maize and sequence crop sesame as influenced by plant stand and nitrogen management strategies imposed in maize
	Treatments
	Dry matter production (kg ha-1) of maize
	Dry matter production (kg ha-1) of sesame

	Main plot -Plant stand (3)
	
	

	P1: 1,11,111 plants ha-1 (45 cm x 20 cm)
	13008
	5264

	P2:  83,333 plants ha-1 (60 cm x 20 cm)
	12245
	5492

	P3:  66,666 plants ha-1 (75 cm x 20 cm)
	9881
	5585

	SEm±
	314.8
	112.5

	CD (P=0.05) 
	1916
	NS

	Sub plots-Nitrogen management strategy (7)
	
	

	N1:100 % RDN (240 kg N ha-1)
	12683
	4935

	N2: Based on LCC values (if < 5.0 apply 30 kg N ha-1)
	9747
	4261

	N3: Based on SPAD chlorophyll meter values
(if < 50 apply 30 kg N ha-1)
	14763
	4758

	N4: Based on NDVI values
	16698
	4829

	N5: Based on Soil test value (STBR)
	11977
	5391

	N6: Based on SSNM nutrient expert
	9265
	4128

	N7: Control
	6846
	3545

	SEm±
	467
	155

	CD (P=0.05) 
	1349
	458

	Interaction
	
	

	P at N
	
	

	SEm±
	808.9
	194.1

	CD (P=0.05) 
	2337
	NS

	N at P
	
	

	SEm±
	677.4
	201.0

	CD (P=0.05) 
	2613
	NS




Table 2: Nutrient uptake (kg ha-1) of maize and sesame as influenced by plant stand and nitrogen management strategy imposed in maize

	Treatments
	Maize
	Sesame

	Main plot -Plant stand (3)
	N uptake
	P uptake
	K uptake
	N uptake
	P uptake
	K uptake

	P1: 1,11,111 plants ha-1 (45 cm x 20 cm)
	103
	22.6
	98.2
	42.4
	17.2
	47.4

	P2:  83,333 plants ha-1 (60 cm x 20 cm)
	125
	22.4
	100.5
	47.2
	21.5
	51.0

	P3:  66,666 plants ha-1 (75 cm x 20 cm)
	84
	16.3
	85.4
	48.9
	23.4
	51.9

	SEm±
	3.5
	1.14
	4.17
	3.14
	0.62
	5.02

	CD (P=0.05) 
	25
	NS
	NS
	NS
	NS
	NS

	Sub plots-Nitrogen management strategy (7)
	
	
	
	
	
	

	N1:100 % RDN (240 kg N ha-1)
	122
	21.0
	100
	57.3
	21.2
	52.7

	N2: Based on LCC values (if < 5.0 apply 30 kg N ha-1)
	86
	18.0
	82
	40.0
	16.9
	33.5

	N3: Based on SPAD chlorophyll meter values
(if < 50 apply 30 kg N ha-1)
	124
	23.8
	116
	50.5
	20.0
	48.5

	N4: Based on NDVI values
	158
	29.6
	142
	54.5
	20.6
	50.7

	N5: Based on Soil test value (STBR)
	111
	22.7
	94
	69.3
	24.0
	66.9

	N6: Based on SSNM nutrient expert
	86
	16.8
	80
	38.7
	16.4
	31.1

	N7: Control
	49
	12.3
	52
	27.8
	13.5
	17.1

	SEm±
	4.8
	1.43
	6.50
	3.54
	0.63
	5.31

	CD (P=0.05) 
	17
	4.1
	18.9
	9.6
	1.5
	13.8

	Interaction
	
	
	
	
	
	

	P at N
	
	
	
	
	
	

	SEm±
	13.01
	2.48
	11.42
	3.04
	0.91
	4.32

	CD (P=0.05) 
	NS
	NS
	NS
	NS
	NS
	NS

	N at P
	
	
	
	
	
	

	SEm±
	11.62
	2.41
	9.12
	3.42
	1.21
	4.81

	CD (P=0.05) 
	NS
	NS
	NS
	NS
	NS
	NS
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