


Effect of Crop Establishment Methods and Cropping pattern on growth and development of rice in Bundelkhand region of U.P. 

Abstract
	A field experiment was conducted to evaluate the growth response of rice to crop establishment methods under rice-based cropping patterns at the agronomy research block of BUAT Banda, Uttar Pradesh during Kharif and Rabi seasons of two consecutive years 2023-24 and 2024-25. The experiment was carried out in a split plot design with two main plots in which Puddled Transplanted Rice-Conventional Tillage (PTR-CT) and Direct Seeded Rice -Zero Tillage (DSR-ZT) were tested and six cropping patterns (C1: Rice-wheat, C2: Rice- barley, C3: Rice-mustard, C4: Rice-Linseed, C5: Rice- Chickpea and C6: Rice-Lentil) in sub plots were tested. All 12 treatment combinations were replicated thrice. Soil of the experimental site was ‘clay loam’ in texture and rated as low in available N (225 kg/ha), medium in P (16.51 kg/ha) and medium near to high in K (275 kg/ha). The findings revealed that maximum height of rice was recorded with DSR- ZT (113 cm and 110 cm during 2023 and 2024, respectively as compared to PTR-CT (108 cm and 106 cm) while in case of cropping systems, taller plants were observed in rice-chickpea and rice- lentil system over cereal- oilseed and cereals- cereals based systems. The maximum dry weight was recorded under PTR-CT (923 and 909g during 2023 and 2024, respectively) over DSR, but at initial stage it was higher in DSR-ZT. Among cropping systems, the dry weight at all stages was reported higher in rice-chickpea and rice- lentil system over cereal- oilseed and cereals- cereals based systems during kharif 2024. The LAI was recorded significantly higher with PTR-CT (4.49 and 4.40 during 2023 and 2024, respectively) over DSR-ZT while in case of cropping patterns it was greater in rice-chickpea and rice- lentil pattern over cereal- oilseed and cereals- cereals based systems.  
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Introduction: 
Rice (Oryza sativa L.) is one of the most important cereal crops in the world, serving as the primary staple food for more than half of the global population. It plays a crucial role in ensuring food security, particularly in Asia, where rice-based cropping systems dominate agricultural landscapes. With increasing population pressure, shrinking arable land, water scarcity, rising labor costs, and climate variability, improving the productivity and sustainability of rice-based cropping systems has become a major agricultural challenge. Kharif fallow is a big problem of the region, DSR may be an option to cover the area under cultivation and thereafter it may be used for cereals, pulse and legume based cropping system. The negative impact of tillage-intensive conventional puddled transplanted rice (PTR) on soil quality is well documented [Bandyopadhyay et al. (2015), Bandyopadhyay et al. (2016) and Kumar et al. (2019)]. In Bundelkhand, where water scarcity and labor shortages often challenge conventional rice farming, the choice between Puddled Transplanted Rice (PTR) and Direct Seeded Rice (DSR) significantly alters the physiological growth stages of the crop [Mubarak et al, (2025), Masud et al, (2014) and Rana et al, (2014)]. Agro-techniques that conserve residual soil moisture and maintain a favourable soil environment may alleviate moisture-deficit stress in kharif fallows. Pulse can be grown successfully with conservation tillage practices such as zero-tillage transplanting and zero-tillage direct seeding in rice is likely to improve soil health and improve input use efficiency. Crop residue retention has multiple advantages including soil moisture conservation; weed control and enhancing soil microbial activities which reflect to better soil health [Sarkar et al, (2020) and Singh et al, (2005)]. Performance of DSR may be judged by vegetative performance which can contribute for yield.
Material and Methods
	The field experiment was carried out at the Agronomy Research block of Banda University of Agriculture and Technology Banda, Uttar Pradesh (India) during Kharif and Rabi season of two consecutive years 2023-24 and 2024-25. The experimental site was located in the Central Plateau and Hills Region, which comes under agro climatic zone VIII having latitude of 25°53', N and longitude 80°33' E with an altitude of 228.61 meters above mean sea level (MSL). The soil of the site is classified as ‘clay loam’ in texture and rated as low in available N (225.79 kg/ha), medium in P (16.51 kg/ha) and medium near to high in K (275 kg/ha). The meteorological data (daily maximum and minimum temperatures, rainfall, ET, relative humidity) for the crop season during year 2023-24 and 2024-25 on standard meteorological weeks (SMW) was obtained from meteorological observatory of the Banda University of Agriculture & Technology, Banda and illustrated in Figs. 1, 2, 3 and 4.
	The experiment was laid out in Split Plot Design with three replications comprising two crop establishment methods in main plots and six cropping systems in sub-plots (Table 1). The sowing of rice in DSR was done with seed drill at 20 cm row spacing using treated seed on seedbeds prepared in respective main plots on 22June and 19 June during first and second year of experimentation, respectively.  The sowing was done after proper calibration of seed drill at the seed rate of 20 kg/ha. For puddled transplanting, the nursery was raised by sowing on the date of direct seeding and transplanted manually with 23 days old seedlings in rows spacing at 20 cm with plant to plant spacing 10 cm. Bispyribac sodium 10% SC @ 250 ml/ha + Pyrazosulfuron 200 g/ha was sprayed within 30 days of sowing with knap sack sprayer using 350 l/ha water in DSR while in PTR Pretilachlor 500 g/ha was applied as pre-emergence within two days of transplanting in puddled field. After that one hand weeding was done both in PTR and DSR for effectively control of broad and narrow leaf weeds. The recommended dose of fertilizers (100:60:40 kg/ha N: P2O5: K2O) was applied for the crop nutrition. The half dose of N and full dose of both P and K were applied as basal dose at the time of sowing/ transplanting. Remaining half dose of nitrogen was top dressed in two equal splits, 1st at tillering and second at panicle instigation stage. Growth parameters viz; plant height, dry matter accumulation, leaf area index (LAI) CGR and AGR were recorded.   
		Table1. Details of the treatments adopted during experimentation 
	Symbols
	Treatments

	Crop Establishment methods (Main Plot):

	E1
	PTR-CT (Puddled Transplanted Rice - Conventional tillage)

	E2
	DSR-ZT (Direct Seeded Rice - Zero Tillage)

	Cropping Pattern  (Sub -Plots):

	C1
	Rice –Wheat 

	C2
	Rice – Barley 

	C3
	Rice – Mustard 

	C4
	Rice – Linseed

	C5
	Rice – Chickpea

	C6
	Rice – Lentil

	

	Sr. No.
	                       Treatments Combination

	T1
	Puddled transplanted rice + Conventional Tillage Wheat

	T2
	Puddled transplanted rice + Conventional Tillage Barley

	T3
	Puddled transplanted rice + Conventional Tillage Mustard

	T4
	Puddled transplanted rice + Conventional Tillage Linseed

	T5
	Puddled transplanted rice + Conventional Tillage Chickpea

	T6
	Puddled transplanted rice + Conventional Tillage Lentil

	T7
	Direct seeded rice + Zero Tillage Wheat

	T8
	Direct seeded rice + Zero Tillage Barley

	T9 
	Direct seeded rice + Zero Tillage Mustard

	T10
	Direct seeded rice + Zero Tillage Linseed

	T11
	Direct seeded rice + Zero Tillage Chickpea

	T12
	Direct seeded rice + Zero Tillage Lentil



			      Fig.1 Weather conditions prevailing during Kharif 2023

			    Fig.2 Weather conditions prevailing during Rabi 2023-24

Fig.3 Weather conditions prevailing during Kharif 2024



Fig.4 Weather conditions prevailing during Rabi 2024-25

Results and Discussion 
Plant Height (cm)
	At 30 and 60 DAS, differences in plant height between both crop establishment methods such as E1 (PTR-CT) and E2 (DSR-ZT) were non-significant during both years of experimentation. However, at 90 DAS, DSR-ZT recorded significantly taller plants (102.79 and 100.22 cm during 2023–24 and 2024–25, respectively) compared to PTR-CT (96.25 and 93.97 cm). At harvest, DSR consistently produced taller plants (113.51 and 110.45 cm during 2023 and 2024, respectively) than PTR (108.73 and 106.55 cm) (Table 2 and Fig 5). Taller plants under DSR might be due to transplanting shock experienced by rice plants in the PTR method and crowding effect (Higher Plant Density) in DSR method.Taller plants under DSR than PTR were also observed by Kumar (2025), Kaur et al. (2024), Upadhyay et al. (2024) and Kaur and Singh (2015). 
	Among distinct cropping systems, the plant height of rice was recorded as non-significant at all growth stages of crop during both years of study. However, maximum plant height was recorded with pulse based cropping system as compared to cereal and oilseed based cropping system. Among cropping systems, taller plants of rice were recorded with chickpea (C5) and lentil (C6) which may be attributed to improved soil fertility and residual nitrogen contribution from the leguminous crop.  The minimum plant height was recorded with rice- wheat and rice – barley cropping system. Similar findings were reported by cropping system during both the years.

Dry matter accumulation (gm-2)
	Among two crop establishment methods at 30 DAS, dry matter accumulation was non-significantly higher under DSR (29.7 g in 2023 and 25g in 2024) than under PTR (27.9 g and 23.5 g in the respective years). At 60, 90 DAS and at harvesting, dry matter accumulation was greater in PTR compared to DSR, and significantly higher values recorded at 90 DAS during both years of experimentation (Table 3 & Fig. 6). The difference in dry matter production between DSR and PTR methods might be due to the transplanting shock experienced in PTR method at initial stage and more number of plants per square meter in DSR. Our results are in the conformity with Kaur et al, (2024), Pattnaik et al, (2023) and Kumar et al, (2025) who also recorded higher initial dry matter accumulation under DSR than PTR. The difference in dry matter production was recorded as non-significant among all cropping patterns, as well. However, it was observed higher at all stages in C4 (Rice –Linseed) during first year (kharif 2023). This might be attributed to natural variability. During kharif 2024, the dry matter accumulation was reported higher in Rice-chickpea (C5) and Rice- lentil (C6) based pattern over Cereal-cereal and cereal- oilseed based patterns. The higher dry matter production in pulse based cropping patterns might be due to improved soil fertility and residual nitrogen contribution from the leguminous crop.  
	Treatments
	30 DAS
	60 DAS 
	90 DAS
	At Harvest

	
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024

	Main plots (Establishment methods)

	E1 : PTR – C.T.
	30.98
	29.36
	66.95
	64.88
	96.25
	93.97
	108.73
	106.55

	E2 : DSR - Z.T.
	33.22
	31.33
	71.46
	67.30
	102.79
	100.22
	113.51
	110.45

	SEm ±
	0.88
	0.36
	0.95
	0.53
	0.93
	0.17
	0.90
	0.73

	CD (at 5%)
	NS
	NS
	NS
	NS
	5.65
	1.04
	NS
	NS

	Sub plots (cropping pattern)

	C1 : Rice - Wheat
	32.04
	28.86
	69.14
	63.44
	99.46
	95.04
	111.06
	106.76

	C2 : Rice - Barley 
	29.86
	29.62
	66.96
	64.97
	97.28
	96.35
	108.88
	108.12

	C3 : Rice - Mustard 
	31.85
	30.12
	68.95
	66.27
	99.27
	97.05
	110.87
	108.66

	C4 : Rice -Linseed
	34.13
	29.97
	71.23
	65.21
	101.55
	96.45
	113.15
	107.88

	C5 : Rice - Chickpea
	31.69
	31.88
	68.80
	68.55
	99.11
	99.08
	110.71
	110.19

	C6 : Rice -Lentil
	33.05
	31.63
	70.16
	68.11
	100.47
	98.60
	112.07
	109.39

	SEm ±
	1.68
	0.84
	1.66
	1.58
	1.66
	1.01
	1.71
	1.15

	CD (at 5%)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Interaction (a x b)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


Table 2: Effect of crop establishment methods on plant height of rice under rice based cropping systems 






Fig.5: Effect of crop establishment methods on plant height of rice under rice based cropping systems

Table 3: Effect of crop establishment methods on dry matter (gm m-2) of rice under rice based cropping systems
	Treatments
	30 DAS
	60 DAS 
	90 DAS
	At Harvest

	
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024

	Main plots (Establishment methods)
	
	
	

	E1 : PTR – C.T.
	27.92
	23.50
	128.71
	117.54
	747.33
	741.16
	923.05
	909.56

	E2 : DSR - Z.T.
	29.79
	25.02
	120.74
	112.90
	700.83
	694.05
	868.31
	859.34

	SEm ±
	0.32
	0.42
	1.33
	1.22
	1.23
	1.46
	1.23
	1.03

	CD (at 5%)
	NS
	NS
	NS
	NS
	7.51
	8.91
	7.51
	6.27

	Sub plots (cropping pattern)

	C1 : Rice - Wheat
	29.76
	22.77
	127.30
	112.70
	726.65
	687.86
	898.25
	854.71

	C2 : Rice - Barley 
	23.75
	23.67
	113.95
	114.69
	713.31
	707.07
	884.91
	873.92

	C3 : Rice - Mustard 
	29.24
	24.19
	125.11
	115.29
	724.46
	721.73
	896.06
	888.58

	C4 : Rice -Linseed
	33.35
	23.91
	133.22
	114.93
	732.58
	710.37
	904.18
	877.21

	C5 : Rice - Chickpea
	26.25
	26.11
	118.79
	117.03
	718.14
	739.79
	889.74
	908.30

	C6 : Rice -Lentil
	30.78
	25.10
	129.98
	116.69
	729.33
	738.81
	900.93
	903.99

	SEm ±
	2.46
	0.73
	4.46
	1.22
	4.52
	12.48
	4.52
	13.74

	CD (at 5%)
	NS
	NS
	NS
	NS
	NS  
	NS
	NS
	NS

	Interaction (a x b)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS




            Fig. 6 Effect of crop establishment methods on dry matter of rice under rice based cropping systems

Leaf Area Index (LAI)	
	Among the crop establishment methods, leaf area index (LAI) at 30 DAS did not differ significantly between PTR and DSR during both years of the field study. Numerically, PTR recorded slightly higher values (2.03 and 1.96 in 2023–24 and 2024–25, respectively) than DSR (1.96 and 1.92).  At 60 DAS and 90 DAS, LAI was significantly influenced by the crop establishment methods. PTR produced higher LAI (4.17 and 4.12) at 60 DAS; (4.79 and 4.69 at 90 DAS during 2023–24 and 2024–25, respectively) compared with DSR (Table 4). Our findings are in the conformity with Kumar (2025) and Pattnaik et al, (2023) that leaf area index was greater in PTR than DSR crop establishment method. 
	The cropping patterns did not exert any significant effect on leaf area index at 30, 60, and 90 DAS during both years of study. Although, the values were reported in same trend as of dry matter accumulation during both years of experimentation.  









Table 4: Effect of crop establishment methods on leaf area index (LAI) of rice under rice based cropping systems  

	Treatments
		30 DAS
	60 DAS 
	90 DAS

	
	2023
	2024
	2023
	2024
	2023
	2024

	Main plots (Establishment methods)

	E1 : PTR – C.T.
	2.03
	1.96
	4.17
	4.12
	4.79
	4.69

	E2 : DSR - Z.T.
	1.96
	1.92
	3.91
	3.88
	4.49
	4.40

	SEm ±
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02

	CD (at 5%)
	NS
	NS
	0.12
	0.14
	0.12
	0.14

	Sub plots (cropping pattern)

	C1 : Rice - Wheat
	2.00
	1.77
	4.06
	3.84
	4.64
	4.38

	C2 : Rice - Barley 
	1.94
	1.92
	3.98
	3.98
	4.58
	4.53

	C3 : Rice - Mustard 
	1.98
	1.96
	4.01
	4.03
	4.62
	4.57

	C4 : Rice -Linseed
	2.05
	1.94
	4.10
	4.00
	4.69
	4.55

	C5 : Rice - Chickpea
	1.96
	2.03
	4.00
	4.09
	4.61
	4.64

	C6 : Rice -Lentil
	2.03
	2.01
	4.08
	4.06
	4.68
	4.60

	SEm ±
	0.04
	0.06
	0.04
	0.07
	0.04
	0.07

	CD (at 5%)
	NS
	NS
	NS
	NS
	NS
	NS

	Interaction (a x b)
	NS
	NS
	NS
	NS
	NS
	NS



Crop growth rate (g m-2 day-1) 
	CGR refers to the total dry matter productivity of crop plants biomass per unit land area over a certain time period and expressed as g m-2 day-1. The results furnished in table 5 show that the differences in CGR among tillage practices were non-significant. At 0-30 DAS, CGR values were numerically higher in DSR (0.99 and 0.83 during 2023 and 2024, respectively) than PTR (0.93 and 0.78). However, in further stages, the rate of crop growth in DSR was to PTR. At 30-60 DAS, CGR values were higher in PTR (3.36 and 3.13, 20.62 during 2023 and 2024, respectively) over DSR method. At 60-90 DAS, CGR was recorded significantly higher with PTR during second year (20.62 and 20.79 83 during 2023 and 2024, respectively). Our findings are in close conformity with Kumar et al, (2025) and Kumar et al, (2024) that CGR was more in DSR than PTR. 
	 Among the cropping patterns, the differences in CGR was recorded non-significant during both years. However, the CGR values were reported higher with pulse based cropping patterns over cereal- cereal and cereal – oilseed based cropping systems. It might be due to the improved soil properties and residual nitrogen contribution from the leguminous crop may be responsible for high growth rate.
Table 5: Effect of crop establishment methods on Crop growth rate (CGR) of rice under rice based cropping systems
	
Treatments
	Crop growth rate (g/m2/day)

	
	0-30 DAS
	30-60 DAS 
	60-90 DAS

	
	2023
	2024
	2023
	2024
	2023
	2024

	Main plots (Establishment methods)

	E1 : PTR – C.T.
	0.93
	0.78
	3.36
	3.13
	20.62
	20.79

	E2 : DSR - Z.T.
	0.99
	0.83
	3.03
	2.93
	19.32
	19.37

	SEm ±
	0.01
	0.01
	0.06
	0.05
	0.23
	0.02

	CD (at 5%)
	NS
	NS
	NS
	NS
	NS
	0.10

	Sub plots (cropping pattern)

	C1 : Rice - Wheat
	0.96
	0.76
	3.170
	3.00
	19.91
	19.17

	C2 : Rice - Barley 
	0.93
	0.79
	3.193
	3.03
	19.82
	19.75

	C3 : Rice - Mustard 
	0.96
	0.81
	3.195
	3.04
	19.98
	20.21

	C4 : Rice -Linseed
	0.96
	0.80
	3.183
	3.03
	19.97
	19.85

	C5 : Rice - Chickpea
	0.99
	0.83
	3.212
	3.04
	20.08
	20.69

	C6 : Rice -Lentil
	0.97
	0.87
	3.222
	3.05
	20.06
	20.80

	SEm ±
	0.02
	0.76
	0.04
	3.00
	0.25
	0.42

	CD (at 5%)
	NS
	NS
	NS
	NS
	NS
	NS

	Interaction (a*b) 
	NS
	NS
	NS
	SIG
	NS
	NS





Fig.7 Effect of crop establishment methods on Crop growth rate (CGR) of rice under rice based cropping systems

Conclusion
Based on results, it may conclude that DSR-ZT produced taller plants, while PTR-CT resulted in higher dry matter accumulation, leaf area index, and crop growth rate at later growth stages. Pulse-based cropping patterns, especially rice–chickpea and rice–lentil, performed better for rice growth compared to cereal–cereal and cereal–oilseed systems due to improved soil fertility and residual nitrogen effects. Overall, combining effect of crop establishment methods with pulse-based cropping patterns can enhance rice growth and system sustainability of rice-based cropping systems.
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Weather Conditions prevaling
Temp. Max.(℃)	43	44	45	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	11	12	33.410000000000004	33.51	32	31.45	26.62	27.16	27.16	23.5	22.330000000000005	23.7	15.870000000000006	16.130000000000031	15.39	19.5	24.25	24.85	24.55	26.330000000000005	28.650000000000031	27.95	35.5	33.04	Temp. Min. (℃)	43	44	45	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	11	12	27.6	27.68	27.9	27.1	21.25	23.830000000000005	23.12	19.5	18.87	18.8	8.8700000000000028	10.83	8.7900000000000009	13.17	15	15.950000000000006	16.399999999999999	17.43	18.899999999999999	19.329999999999988	23.3	22.54	Av. RH (%)	43	44	45	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	11	12	65.459999999999994	66.349999999999994	71.599999999999994	64.8	70.58	68.83	65.08	66.669999999999987	72.410000000000025	82.7	91.5	93.910000000000025	94.410000000000025	82.33	67.58	72.400000000000006	74.7	75	71.099999999999994	61.83	72	68.410000000000025	Rainfall (mm)	43	44	45	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	11	12	0	0	0	0	0	0	0	0	0	14	0	2.4	0	0	0	0	1.1000000000000001	0	0	0	0	0	ET (mm/Day)	43	44	45	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	11	12	4.5	4.5599999999999996	4.8	3.52	2.8	3.07	1.87	1	1.1200000000000001	1.06	2	1.37	1.49	2.29	4	4.8	4.96	4.49	3.06	4.6599999999999975	7.6	3.3299999999999987	(Standard meteorological weeks)      


30 DAS 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	30.979999999999986	33.220000000000013	32.04	29.86	31.85	34.130000000000003	31.69	33.050000000000004	30 DAS 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	29.36	31.330000000000005	28.86	29.62	30.12	29.97	31.88	31.630000000000017	60 DAS 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	66.95	71.459999999999994	69.14	66.959999999999994	68.95	71.23	68.8	70.16	60 DAS 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	64.88	67.3	63.44	64.97	66.27	65.209999999999994	68.55	68.11	90 DAS 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	96.25	102.79	99.460000000000022	97.28	99.27	101.55	99.11	100.47	90 DAS 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	93.97	100.22	95.04	96.35	97.05	96.45	99.08	98.6	AT harvest 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	108.73	113.51	111.06	108.88	110.86999999999999	113.14999999999999	110.71000000000002	112.07	AT harvest 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	106.55	110.45	106.76	108.11999999999999	108.66	107.88	110.19	109.39	Plant height (cm)


30 DAS 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	27.919999999999987	29.79	29.759999999999987	23.75	29.24	33.349999999999994	26.25	30.779999999999987	30 DAS 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	23.5	25.02	22.77	23.67	24.19	23.91	26.110000000000017	25.1	60 DAS 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	128.70999999999998	120.74000000000002	127.3	113.95	125.11	133.22	118.79	129.97999999999999	60 DAS 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	117.54	112.9	112.7	114.69	115.29	114.93	117.03	116.69	90 DAS 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	747.32999999999947	700.82999999999947	726.65	713.31	724.45999999999947	732.58	718.14	729.32999999999947	90 DAS 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	741.16	694.05	687.85999999999945	707.07	721.73	710.37	739.79000000000053	738.81	AT harvest 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	923.05	868.31	898.25	884.91	896.06	904.18000000000052	889.74	900.93	AT harvest 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	909.56	859.33999999999946	854.71	873.92	888.58	877.21	908.3	903.99	dry matter (gm m-2) 


0-30 DAS 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	0.93	0.99	0.96000000000000052	0.93	0.96000000000000052	0.96000000000000052	0.99	0.97000000000000053	0-30 DAS 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	0.78	0.83000000000000052	0.76000000000000056	0.79	0.81	0.8	0.83000000000000052	0.87000000000000055	30-60 DAS 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	3.36	3.03	3.17	3.1930000000000001	3.1949999999999998	3.1829999999999998	3.2119999999999997	3.222	30-60 DAS 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	3.13	2.9299999999999997	3	3.03	3.04	3.03	3.04	3.05	60-90 DAS 2023	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	20.62	19.32	19.91	19.82	19.979999999999986	19.97	20.079999999999988	20.059999999999999	60-90 DAS 2024	E1 : PTR – C.T.	E2 : DSR - Z.T.	C1 : Rice - Wheat	C2 : Rice - Barley 	C3 : Rice - Mustard 	C4 : Rice -Linseed	C5 : Rice - Chickpea	C6 : Rice -Lentil	20.79	19.37	19.170000000000005	19.75	20.21	19.850000000000001	20.69	20.8	Crop growth rate (g/m2/day)


Weather Conditions prevaling
Temp. Max.(℃)	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	34.200000000000003	32.1	30.419999999999987	31.75	35.5	36	32.5	28.5	34.25	34.6	32.4	35.5	27.1	35.1	30.8	35.800000000000004	31.2	34.300000000000004	Temp. Min. (℃)	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	28.2	27.9	26.330000000000005	28	30.9	32	26.5	22.9	27.6	27	27.5	28.2	22.2	27.8	24.2	27.5	24.8	24.6	Av. RH (%)	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	89.1	90.5	95.5	92.5	68.3	71.5	95.3	93.2	93	95.2	84.6	94.5	96.2	90.6	88.8	72	83.4	81	Rainfall (mm)	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	74	147.19999999999999	99.5	48.75	8	0	163	7.5	41.75	35	13	80	57.5	0	0	0	0	0	ET (mm/Day)	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	8.4	6.7	6.2	5.8	5.5	4.8	4.5	4.5999999999999996	3.9	3.8	3.3	3	3.8	4.2	4.5	4.9000000000000004	5.3	5.7	(Standard meteorological weeks)


Weather Conditions prevaling
Temp. Max.(℃)	44	45	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	11	12	13	31.8	30.6	30.1	28.5	27.5	27	23.8	18.5	16.100000000000001	15.6	12.9	13.2	16	22	23.9	24.8	28.9	28.1	27.6	30.6	31.3	37.800000000000004	Temp. Min. (℃)	44	45	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	11	12	13	18.8	19.3	18.8	18.2	15.6	17.8	12.2	10.8	9.2000000000000011	9.6	8.6	8.1	9.2000000000000011	13.5	17	18.8	18.600000000000001	17.5	18.600000000000001	20.5	23.3	27.9	Av. RH (%)	44	45	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	11	12	13	71	61.4	63.4	65.7	69	74.599999999999994	63.5	81.8	92.740000000000023	91.1	85.5	85.2	85.4	79.400000000000006	74.599999999999994	73.7	71.099999999999994	75.400000000000006	71.099999999999994	69.400000000000006	69.7	65.8	Rainfall (mm)	44	45	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	11	12	13	0	0	0	0	22	0	0	0	0.75000000000000189	4.25	0	0	0	0.25	4	0	0	19.399999999999999	0	0	0	0	ET (mm/Day)	44	45	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	11	12	13	5	4.2	3.7	3.2	2.8	3.2	2.7	2.2999999999999998	1.8	1.4	1.7	1.3	2.6	3.2	3.3	3.2	3.2	3.5	7.4	8.1	10.1	14.4	(Standard meteorological weeks)





