Quality and Physiological Responses of Lai saak(Brassica juncea var. integrifolia) to Nutrient Management



ABSTRACT
A field experiment was conducted at the Experimental Farm, Department of Horticulture, Assam Agricultural University, Jorhat, during the year 2024, to study the impact of nutrient management on nutritional and physiological traits of lai saak. The experiment was laid out in a randomized block design (RBD) with eight treatments replicated thrice. The treatments were T1: Control, T2: 60:30:30 Kg NPK/ha, T3: 60:30:30 Kg NPK/ha + FYM @5t/ha, T4: 60:30:30 Kg NPK/ha + VC @3t/ha, T5: 45:25:25 Kg NPK/ha + FYM @5t/ha, T6: 45:25:25 Kg NPK/ha + VC @3t/ha, T7: 30:15:15 Kg NPK/ha + FYM @5t/ha and T8: 30:15:15 Kg NPK/ha + VC @3t/ha. Nutritional traits such as ascorbic acid (163.18mg. 100g-1), vitamin A (17.20mg. 100g-1), protein (37.22%), crude fiber (37.22%), total ash (20.69%), N (5.95%), P (1.67%), K (2.67%), Fe (146.49mg. 100g-1), Zn (20.00mg. 100g-1), Mn (57.46mg. 100g-1), Cu (8.28mg. 100g-1) as well as Ca (36.37%) content were recorded maximum in the treatment T4. Physiological traits such as total chlorophyll (0.94mg. g-1) and RLWC (89.51%) were also found maximum in the same treatment. It can be concluded from the study that the combined application of recommended dose of NPK and vermicompost in lai saak enhanced the nutritional qualities. The treatment T4 showed 61.90%, 74.97%,72.55% and 43.98% increases in ascorbic acid, vitamin A, protein and iron content as compared to control (T1).
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1. INTRODUCTION

Brassica juncea var. integrifolia, commonly known as leafy mustard, lai patta (Hindi) and lai saak (Assamese) is grown as a vegetable crop mostly in North-Eastern states of India, namely Assam, Meghalaya, Nagaland, Mizoram, Arunachal Pradesh and Manipur. The colour of lai saak ranges from green to purple and the height is medium with broad, glossy, crispy and pappery leaves. It is a rich source of fiber, minerals and vitamins (Chalise et al., 2020). It helps combat iron deficiency, neurological disorders, osteoporosis, arthritis, cardiovascular diseases and asthma. The sole application of inorganic fertilizers is of great concern for both the plant as well as soil system as it leaves behind residues that not only hamper nutritional content but also the soil fertility and quality drastically. It declines microbial activity and restricts the availability of nutrients to the plant system effecting its growth and the overall quality. Soil productivity can be improved by balanced application of inorganic fertilizers along with organic sources of nutrients and this also increases the plant nutrients (Singh et al., 2020). Therefore, the combined use of these inorganic fertilizers along with organic sources such as vermicompost and FYM seems to be a promising solution towards the issue. It results in improved yield that are nutritionally enriched and are healthy for human consumption. Therefore, considering these, the present investigation was carried out to study the impact of combined application of organic and inorganic fertilizers on nutritional and physiological attributes of lai saak.
2. MATERIAL AND METHODS
The present investigation was carried out in the experimental farm, Department of Horticulture, Assam Agricultural University, Jorhat, during rabi season of 2024. The variety used was AAU JLP1 (Laika). Three replications in a randomized block design was used with eight treatment combinations viz., T1: Control, T2: 60:30:30 Kg NPK/ha, T3: 60:30:30 Kg NPK/ha + FYM @5t/ha, T4: 60:30:30 Kg NPK/ha + VC @3t/ha, T5: 45:25:25 Kg NPK/ha + FYM @5t/ha, T6: 45:25:25 Kg NPK/ha + VC @3t/ha, T7: 30:15:15 Kg NPK/ha + FYM @5t/ha andT8: 30:15:15 Kg NPK/ha + VC @3t/ha. Representative samples were collected from the experimental area up to a depth of 0–20 cm from several plots in order to determine the fertility of the soil. Then the sun-dried soil was powdered and allowed to pass through sieve (2mm) and composited for analysis. The initial soil PH, organic carbon, nitrogen, phosphorus and potassium content were 5.4, 0.52%, 233.63 kg/ha, 33.69 kg/ha and 126.03 kg/ha, respectively. Fertilizers and manures were applied one week prior to planting after land preparation, according to the treatments. The row-to-row distance was 50cm and plant to plant distance within a row was 40cm in a plot of 4.8m2 size. Five healthy plants were tagged in each plot of each replication for taking records and for collection of samples for laboratory analysis. The data were subjected to statistical analysis by using OPSTAT software.
2.1 Collection and preparation of leaf sample
The fresh leaf samples were collected from the field and were promptly transported in zip-lock bags to the laboratory. They were thoroughly washed under running tap water and kept aside for the excess water to drain off. They were either kept fresh in zip lock bags under refrigerated condition or dried in a hot air oven at 60°C for 72 hours and were stored properly for the analysis of both nutritional and physiological parameters.
2.1.1 Digestion of leaf sample
For the estimation of nitrogen, the dried sample was digested in conc. H2SO4 and digestion mixture of K2SO4 and CuSO4 in the ratio of 10:1. For determining phosphorus, potassium, zinc, copper, iron, manganese and calcium content the samples were digested using diacid mixture of nitric acid and perchloric acid in the ratio of 3:1.
2.2Estimation of the nutrient content in leaves
Vitamin A content was determined by using 10% alcoholic KOH and petroleum ether method whereas ascorbic acid content was determined using 2, 6- Dichlorophenol indophenol dyes visual titration method. The protein content was determined by multiplying total nitrogen content by a factor 6.25 (Simpson et al., 1965). Crude fiber and total ash content was determined by using the protocol suggested by Ranganna (1986). Total nitrogen content was estimated by Micro-Kjeldahl’s method, total phosphorus by Vanado-molybdo-phosphoric yellow color method and total potassium by flame photometer method (Jacksons, 1973) and the result was expressed in percentage on dry weight basis. The micronutrients were determined using the atomic absorption spectrophotometer (Lindsay &Norvell, 1978) whereas estimation of calcium was done using flame photometer (Jacksons, 1973).
2.3 Estimation of physiological parameters
The chlorophyll content of leaf was estimated following protocol given by Arnon (1949). Leaf area index was recorded at 15 DAP and 30 DAP and was calculated using formula suggested by William (1946). Leaf area ratio was also recorded at 15DAP and 30DAP by a formula given by Radford (1967). The relative leaf water content was calculated by using the following formula:
Relative leaf water content (%) =Fresh weight (g) – Dry weight (g)× 100
                                                 Turgid weight (g) – Dry weight (g)


3.results and discussion

3.1 Effect on leaf nutrients
The quality parameters of lai saak were influenced by different treatment combinations (Table 1 and Fig.1). Ascorbic acid content was found maximum with recommended dose of NPK and vermicompost (T4) as compared to other treatment combinations. Maximum ascorbic acid content (163.18 mg. 100g-1) was recorded in T4. Combined application of both the fertilizers increased the production of carbohydrate and thereby increased the synthesis of ascorbic acid (Shanu et al., 2019). Kumar et al.(2015) also reported that the enrichment in carbohydrates promotes ascorbic acid production. This was in conformity with the findings of Nath et al. (2023) in lettuce. The highest vitamin A (17.2 mg. 100g-1), protein (37.22 %) and total ash content (20.69 %) was exhibited by the treatment T4 whereas treatment T1 exhibited the lowest. This might be due to improvement of plant growth in T4 by application of vermicompost and in turn it led to larger accumulation of vitamin A, protein and total ash content. Vermicompost improves the structure of soil and increases the availability of major and micro nutrients and facilitates better uptake of nutrients by the plants which is essential for synthesis of vitamin (Shanu et al., 2019).  Natural pant hormones such as auxins, cytokinins, gibberellins present in vermicompost also promote plant growth and potentially influenced the pathways of vitamin synthesis. 
[image: ]
Fig. 1.Effect of integrated nutrient combinations on the qualityattributes of Lai saak

Table 1 showed that the treatment T7 had the highest (14.08%) crude fibre content as compared to treatment T1 which recorded the lowest. This might be due to the fact that crude fibre content reduces with increasing nitrogen fertilizers as it is inversely related to nitrogenous compounds. Similar results were reported by Indurthi et al. (2025) in Amaranthus. Maximum nitrogen (5.95 %), phosphorus (1.67%) and potassium (2.67%) content of leaf was exhibited by the treatment T4. It might be due to better uptake of nutrients by the plants when inorganic fertilizer and vermicompost were applied together. The increased uptake of NPK might be due to additional NPK applied in the form of chemical fertilizers collectively with organic fertilizers (Hidayati et al., 2022). This combined application improved the NPK accessibility to the crop. 
Data represented in table 1 showed that treatment T4 exhibited the highest iron (146.49 mg. 100g-1), zinc (20.00 mg. 100g-1), copper (8.28 mg. 100g-1), manganese (57.46 mg. 100g-1) and calcium (36.37 %) content whereas treatment T1 recorded the lowest. Maximum micronutrients content in the leaf of lai saak might be due to integrated use of inorganic fertilizers and vermicompost which enhanced 
the accessibility of micronutrients (Nath et al., 2023). At the time of decomposition of vermicompost various organic acids viz., humic acid, malonic acid, fumaric acid, succinic acid is formed and these organic acids work as chelating agents by capturing metallic ions of iron, zinc, manganese calcium, magnesium etc., and make more available for use by plants (Chopra et al., 2017).The increased calcium content in leaf might be due to greater uptake of macro and micro nutrients.  Vermicompost can increase soil cation exchange capacity (CEC), soil organic matter; microbial activity. It can supply Ca and increase exchangeable Ca levels in the soil (Gazi et al., 2024).



Combined application of both organic and inorganic sources of nutrients provides the crops with all the required nutrients and contributes towards overall growth and development of the plant system. Data presented in the table 2 revealed that the highest total chlorophyll (0.94 mg. g-1) and relative leaf water content (89.51%) were exhibited by the treatment T4. Among all the eight treatments, the treatment T1 recorded the lowest. This might have been possible due to the reason that the combined application of inorganic and organic fertilizers contributed significantly to the physical and hydraulic characteristics of the soil, such as its texture, aeration and compaction, which in turn increased the amount of water and nutrients that plants can absorb from the root zone around them (Kashem et al., 2015). Additionally, uptake of nutrients like nitrogen helps in synthesis of proteins and nucleic acids and 
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Table 1. Quality Enhancement in Lai Saak Under Different Nutrient treatments
	Treatments
	Ascorbic acid
(mg. 100g-1)
	Vitamin A 
(mg. 100g-1)
	Protein 
(%)
	Total ash 
(%)
	Crude 
fiber (%)
	Total N
(%)
	Total P
(%)
	Total K
(%)
	Fe
(mg.100g-1)
	Zn
(mg. 100g-1)
	Cu
(mg. 100g-1)
	Mn
(mg. 100g-1)
	Ca
(%)

	T1
	100.79
	9.83
	21.57
	14.43
	8.01
	3.45
	1.05
	1.66
	101.74
	8.8
	4.67
	20.36
	23.9

	T2
	127.09
	10.30
	23.22
	18.63
	8.74
	3.71
	1.06
	2.09
	113.08
	13.46
	5.76
	31.7
	25.83

	T3
	136.99
	12.40
	34.49
	19.23
	10.23
	5.51
	1.36
	2.54
	135.09
	15.61
	6.55
	35.46
	35.73

	T4
	163.18
	17.20
	37.22
	20.69
	10.02
	5.95
	1.67
	2.67
	146.49
	20.00
	8.28
	57.46
	36.37

	T5
	134.41
	14.30
	28.89
	17.94
	11.69
	4.62
	1.27
	2.44
	142.15
	12.28
	6.09
	46.40
	31.68

	T6
	151.91
	14.60
	30.10
	16.67
	10.91
	4.81
	1.24
	2.35
	121.18
	12.98
	5.15
	38.27
	32.73

	T7
	143.42
	13.03
	27.27
	18.01
	14.08
	4.36
	1.14
	2.20
	141.19
	17.83
	6.02
	34.12
	30.33

	T8
	106.92
	11.48
	28.20
	14.56
	11.75
	4.51
	1.24
	2.26
	130.16
	17.39
	6.86
	40.43
	28.48

	SEd (±)
	1.39
	0.13
	0.16
	0.61
	0.33
	0.03
	0.07
	0.01
	1.007
	0.475
	0.293
	1.100
	0.475

	CD (.05)
	2.97
	0.28
	0.35
	1.31
	0.71
	0.06
	0.15
	0.02
	2.160
	1.019
	0.628
	2.350
	1.019


*N- Nitrogen; P-phosphorous; K-potassium; Fe-iron; Zn-zinc; Cu-copper; Mn-manganese; Ca-calcium





provides a framework for mitochondria, chloroplasts, and other structures where the majority of biochemical reactions occur (Awasthi et al., 1998).
Data presented in table 2 revealed that the maximum leaf area index (3.12), leaf area ratio (1196.99 cm2/g) at 30 DAP and maximum leaf area duration was exhibited by the treatment T4.  It was reported thatthere is a strong positive correlation exists between relative leaf water content and leaf area index and plants maintain high RWC under ample water condition and thereby allows to develop a larger LAI for photosynthesis (Saikia, et al., 2025). Maximum leaf area index might be due to higher amount of plant nutrients supplied. Similar findings were reported in earlier studies that nitrogenous fertilizer increased leaf area index by suspending senescence of leaf, supporting leaf photosynthesis and maintenance of leaf area duration (Berdjour et al., 2020).
Table 2. Physiological Responses of Lai Saak to Nutrient Management
	Treatments
	Total chlorophyll content (mg. g-1)
	RLWC
(%)
	LAI

	
LAR (cm2. g-1)

	LAD 
(days)

	
	
	
	15 DAP
	30 DAP
	15 DAP
	30 DAP
	

	T1
	0.52
	71.91
	1.18
	2.31
	197.04
	896.72
	25.75

	T2
	0.64
	77.26
	1.34
	2.46
	208.72
	939.13
	33.11

	T3
	0.67
	80.56
	2.12
	2.64
	305.08
	911.76
	33.35

	T4
	0.94
	89.51
	1.94
	3.12
	257.98
	1196.99
	39.53

	T5
	0.46
	85.58
	1.99
	2.68
	232.16
	925.88
	35.10

	T6
	0.45
	81.47
	1.79
	2.44
	231.22
	935.76
	31.76

	T7
	0.72
	80.39
	2.49
	2.78
	308.99
	798.78
	33.40 

	T8
	0.42
	84.07
	2.18
	2.49
	306.27
	763.59
	35.09

	SEd(±)
	0.01
	0.95
	0.18
	0.07
	4.79
	33.78
	1.48

	CD (.05)
	0.03
	2.04
	0.38
	0.15
	10.26
	72.45
	3.17



4. CONCLUSION
This study showed that combining organic and inorganic fertilizers significantly improved the nutritional quality and physiological growth of Lai saak. The treatment with the recommended NPK and vermicompost (T4) performed best, resulting in higher levels of ascorbic acid, vitamin A, protein and iron, as well as increased chlorophyll content, leaf area index and relative water content. These benefits occur because vermicompost improves soil microbial activity, speeds nutrient release, increases the availability of minerals and enhances soil structure, helping plants absorb nutrients more efficiently. The findings support the idea that integrating organic and chemical fertilizers is a sustainable approach to improving soil health and producing nutrient-rich leafy vegetables. Future studies across different seasons, soils and varieties, along with detailed soil and microbial assessments, will help further strengthen these recommendations.
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