Productivity and Multicollinearity Analysis of Coriander as Affected by Time and Method of Crop Establishment in Sub-montane Agroclimatic Zone of Punjab



ABSTRACT
Coriander (Coriandrum sativum L.) is one of the most economically significant spice and leafy vegetable crops in India, valued for its culinary, medicinal, and export potential. A field experiment was conducted during 2024-2025 at Hoshiarpur district, Punjab-a sub-montane transitional zone lying adjacent to the Himachal Pradesh foothills, to investigate the influence of time of sowing and method of crop establishment on the vegetative growth, leaf yield, seed yield, and yield-attributing characteristics of coriander. Twelve treatment combinations comprising six sowing dates (15th September, October, November, December, January, and February) and two methods of sowing (ridge and flat) were evaluated in a randomized complete block design with three replications. Results revealed that sowing on 15th December under ridge method produced the tallest plants (95.89 cm) and highest leaf area, while the maximum total leaf yield was recorded under flat bed sowing on 15th November-December (243–244 g/plant). Seed yield peaked under flat bed sowing in October (8.98 q/ha). Path analysis identified 1000-grain weight (direct effect: 0.589) and leaf yield at 55 DAS as the most influential traits for seed yield. The sub-montane agroclimatic conditions of Hoshiarpur —characterized by cool winters, moderate humidity, and proximity to Shiwalik hills, provided ideal micro-climatic buffering that supported superior crop performance compared to typical plains. Early September sowing offers a viable off-season production strategy with premium market returns. These findings provide evidence-based recommendations for diversified coriander cultivation in similar transitional zones.
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1. Introduction
Coriander (Coriandrum sativum L.), commonly known as “Dhania”, is an important annual spice/medicinal plant which is native to Eastern Europe and Asia. Coriander contains diuretic, stomachic, and aphrodisiac properties after drying (Painkara et al, 2024). A number of factors such as genetic, climate and production technology affect final yield realization of coriander (Szemplinski and Nowak, 2015).  Coriander is very responsive to photoperiodic effect altered by sowing date which in turn affect of leaf yield, grain yield and quality (Kuri et al, 2015). Therefore, change in crop microclimate driven by alteration in sowing time affects coriander yield.  For example, prevalence of temperature Below 10°C significantly reduces the seed germination, on the contrary, temperature exceeding 30°C during vegetative stage promotes shoot elongation while compromising leaf area and leaf yield (Morales et al., 2014). The Hoshiarpur district of Punjab designated as agroclimatic Zone II (Sub-montane Zone) receives an annual rainfall of 900-1100 mm with cooler winters, moderate summer (32-36°C), and higher relative humidity. The forest cover and topographic relief from the Shiwalik hills create a natural buffer that subsides the thermal regimes while maintaining sufficient soil moisture retention making this zone suitable for cool-season vegetables including coriander (Choudhary and Banga, 2018). Maximum plant height and branching was achieved by sowing of coriander in mid October (Singh and Sharma, 2020) and highest percentage of essential oil and 1000-seed weight by sowing of coriander in November (Chaudhary et al., 2018). Bairwa et al. (2012) and Mahesh et al. (2016) reported that sowing on the ridges improved vegetative growth in moist conditions relative to flat sowing proved better in relatively drier conditions. Although literature is available citing the effect of time of sowing (Bhadkariya et al., 2007; Khah, 2009, Guha et al., 2013) in coriander yet very limited work is there quoting effect of time of sowing and method of crop establishment on performance of coriander under sub-montane agroclimatic zone which clearly demonstrates the knowledge gap which needs to bridged. Path analysis is an approach to segregate the phenotypic correlation into direct and indirect effects thereby helps in identification of actual factors in selection process (Jaidka and Deol, 2024). Meena et al. (2014) and Karak et al. (2020) identified 1000-grain weight and umbel number as the primary determinants of seed yield in coriander. Keeping in view the importance of time of sowing and method of crop establishment, present investigation was designed with the objective: 
- To study the effect of sowing date and method of sowing on growth, leaf yield and seed yield of coriander.
- To identify key yield-determining attributes through correlation and path analysis.

2. Materials and Methods
The field experiment was conducted at Vegetable Research Farm, Khanaura, Hoshiarpur during the Rabi 2024–25. The soil of the experimental site was sandy loam in texture, with a pH of 7.2, organic carbon of 0.62 per cent, available nitrogen of 248 kg/ha, available phosphorus of 28.4 kg/ha, and available potassium of 196 kg/ha. The study contained twelve treatment combinations of  two methods of sowing (ridge and flat) and six sowing dates viz., 15th September, 15th October, 15th November, 15th December, 15th January, and 15th February. The experiment was laid out in Randomized Complete Block Design (RCBD) with three replications. The mean monthly temperatures ranged from 28.4°C in September to 7.8°C in January, with relative humidity varying 56 per cent in November and 81 per cent in September. Total rainfall during the crop period was 186 mm mainly received during September-October. The Coriander var. RCr-728 was sown in 30×10 cm crop geometry (ridge and flat) with plot size of 4.0×3.0 m by treating with Thiram @ 2 g/kg seed. The recommended dose of fertilizer (60:40:40 kg NPK/ha) was applied based on PAU recommendations, with the full dose of P and K and half N applied as basal, and the remaining N top-dressed at 30 DAS. All other crop management practices were followed as per recommendations of Punjab Agricultural University, Ludhiana. Growth parameters such as plant height (cm), number of primary and secondary branches, and leaf area (cm²/plant) — were recorded at 45 DAS, 55 DAS, and at physiological maturity. Leaf yield (g/plant) was recorded at 45 DAS, 55 DAS, and at maturity. At final harvest, 1000-grain weight (g) and seed yield (q/ha) were recorded. Five randomly tagged plants per plot were used for non-destructive measurements.
2.1 Statistical Analysis
The statistical analysis was performed through general linear model procedure (SAS Software 9.2) by application least significant difference at the 5 per cent level of significance. Path coefficient analysis was performed following Dewey and Lu (1959) by regressing seed yield on all measured growth and yield traits simultaneously, with the direct effects (path coefficients) and indirect effects computed from the phenotypic correlation matrix. The residual effect was calculated as the square root of (1 – R²), where R² represents the coefficient of determination. 
		Py1 + Py2.r12 + Py3.r13 + ……. + Pyn.r1n = ry1
	Py1.r12 + Py2 + Py3.r23 + ……. + Pyn.r2n = ry2
	Py1.r13 + Py2.r23 + Py3 + ……. + Pyn.r3n = ry3
	Py1.rn12 + Py2 + Py3.rn3 + ……. + Pyn = ryn

where Py1, Py2, Py3…. Pyn are the direct path effects of 1, 2, 3… n variables on the dependent variable ‘y’. r12, r13 …. r1n ….. r(n-1)n are the possible coefficients of correlation between various independent variables, and ry1, ry2, …. Ryn are the coefficients of correlation between independent variables and dependent variable ‘y’.

3. Results and Discussion
3.1 Growth Parameters



The data revealed that sowing date exerted a highly significant effect on plant height (Table 1) at all three growth stages (45 DAS, 55 DAS, and maturity), consistent with the thermal sensitivity of coriander's vegetative elongation as per Nair et al. (2012). Sowing of coriander on ridges as well as flat registered an increase in plant height from September to December followed by decrease in January and February sowing. The increase in pant height up to December can be attributed to prevailing high temperature which favours cell division and cell elongation in the apical portion. The ridge sowing in December achieved the highest plant height at maturity (95.89 cm), which was 57.43 per cent taller relative to the ridge sowing in September (60.91 cm). The decrease in plant height in January and February sowing is prominent effect of shortening of photoperiod and rising temperature which in turn induced premature bolting (Morales et al., 2014). The increase in plant height in September to December sown crop is in line with Singh and Sharma (2020), who recorded maximum plant height in October–November sowing in Rajasthan, and Chaudhary et al. (2018), who found a similar quadratic response to sowing date in Haryana. Ridge sowing reported slightly taller plants than flat sowing irrespective to the date of sowing (e.g., ridge November: 93.24 cm vs flat November: 90.25 cm at maturity). Kumar and Singh (2019) similarly reported 8–12% greater plant height under ridge sowing for coriander in semi-arid conditions. The data depicted that number of primary branches was highest under December-January sowing (ridge: 6.03-7.09 at maturity) and were lowest under September sowing (5.14) (Table 1). This concurs with Bairwa et al. (2012), who reported 20–35 per cent more primary branches under November-December sowing compared to September sowing in Rajasthan. In coriander, cool temperature and adequate light interception promote axillary bud break, resulting in greater branching (Taiz and Zeiger, 2010). Secondary branches showed a more pronounced response to sowing date, increasing from 9.17 (ridge September) to 14.14 (ridge January) at maturity. This reflects the compound nature of secondary branching, where the canopy architecture integrates the effects of temperature, radiation interception, and interplant competition over a longer developmental period. The flat sowing recorded comparable secondary branches (10.08-11.05 for November-December) to ridge sowing, showing that in the cooler, drier rabi season, the aeration advantage of ridge sowing becomes less critical, and both sowing methods perform comparably in terms of canopy architecture. This supports the agronomic principle that sowing method interacts with seasonal moisture availability i.e, ridge sowing being beneficial in high-moisture early-season conditions while flat sowing in moisture-limiting conditions (Patel et al., 2015). Maximum leaf area was recorded under ridge November (70.03 cm²/plant) and flat November (69.19 cm²/plant) sowing at maturity (Table 1). The higher leaf area in the October and December is consistent with the Leaf Area Index (LAI) optimization model proposed by Watson (1952): moderate temperatures reduce leaf rolling and stomatal closure, while adequate humidity (65–75 per cent RH in Hoshiarpur during November) supports sustained turgor-driven leaf expansion. Morales et al. (2014) reported that leaf area per plant in coriander declined by 28-34 per cent when mean temperatures exceeded 28°C during the vegetative phase, directly matching the reduction observed in September-sown treatments.



Table 1: Effect of date of sowing and method of swing on growth parameters of coriander
	Treatment
	Plant Height (cm)
	Primary Branches (Nos.)
	Secondary Branches (Nos.)
	Leaf Area (cm²)

	
	45 DAS
	55 DAS
	Maturity
	45 DAS
	55 DAS
	Maturity
	45 DAS
	55 DAS
	Maturity
	45 DAS
	55 DAS
	Maturity

	Ridge- 15th Sep
	9.01
	36.00
	60.91
	3.25
	4.06
	5.14
	1.14
	2.20
	9.17
	48.11
	51.17
	57.07

	Ridge- 15th Oct
	10.00
	52.00
	87.98
	4.14
	6.17
	6.01
	2.13
	8.19
	11.13
	57.17
	63.07
	67.01

	Ridge- 15th Nov
	13.00
	57.23
	93.24
	5.13
	6.13
	6.08
	2.16
	9.02
	13.08
	63.05
	69.18
	70.03

	Ridge- 15th Dec
	18.00
	60.13
	95.89
	5.20
	6.15
	6.03
	2.17
	9.05
	14.12
	59.15
	68.02
	69.12

	Ridge- 15th Jan
	17.00
	59.01
	92.02
	5.16
	6.00
	7.09
	2.18
	8.04
	14.14
	60.19
	69.13
	69.55

	Ridge- 15th Feb
	11.00
	41.17
	60.07
	4.05
	5.03
	7.02
	1.18
	2.06
	9.12
	48.02
	58.19
	59.16

	Flat- 15th Sep
	8.00
	35.22
	60.27
	3.18
	4.09
	5.08
	1.19
	2.12
	8.13
	45.12
	48.02
	53.15

	Flat- 15th Oct
	11.00
	51.02
	88.18
	4.15
	6.20
	6.07
	2.17
	7.11
	9.06
	55.15
	59.05
	61.09

	Flat- 15th Nov
	12.00
	55.07
	90.25
	5.13
	6.06
	6.08
	2.15
	7.11
	10.15
	60.17
	68.04
	69.19

	Flat- 15th Dec
	15.00
	58.08
	94.19
	5.12
	6.03
	6.02
	2.15
	6.05
	11.05
	61.02
	68.14
	68.14

	Flat- 15th Jan
	13.00
	57.11
	91.97
	5.05
	6.07
	7.05
	2.04
	6.05
	10.08
	61.10
	67.17
	68.08

	Flat- 15th Feb
	13.00
	36.91
	60.83
	4.08
	5.10
	7.00
	2.06
	2.02
	7.17
	43.07
	55.07
	55.67

	LSD (P=.05)
	2.58
	7.55
	11.48
	0.79
	0.94
	0.98
	0.31
	1.11
	1.57
	8.65
	10.44
	10.02

	SE(d)
	1.24
	3.62
	5.50
	0.38
	0.45
	0.47
	0.15
	0.81
	0.75
	4.15
	4.99
	4.80



DAS = Days after sowing; LSD = Least Significant Difference at P=0.05; SE(d) = Standard Error of difference

3.2 Leaf Yield and Seed Yield
Leaf yield (Table 2) denoted the cumulative effect of plant height, branching, and leaf area. Total leaf yield was highest under flat sowing in December sowing (244.29 g/plant) followed by flat sowing in November (243.33 g/plant), both significantly higher than September sowings (112-135 g/plant). Higher total leaf yield by flat sowing in November and December proves to be economically significant in terms of higher gross returns, which is a meaningful difference for small and marginal farmers. At the same time, early sowing in September, despite of less total leaf yield plays a pivotal role fetching better net returns due to high selling price of early season produce in the market i.e., Rs. 80-150/kg (Agmarknet, 2023). This price premium effect compensates for lower biomass and aligns with the economic rationale documented by Singh et al. (2021), who calculated that off-season coriander cultivation in Punjab generates 2.3 times higher net returns per hectare than peak-season cultivation, despite 30–40 per cent lower leaf yield. Leaf yield at 55 DAS showed a notably higher range (58-98 g/plant) compared to 45 DAS (18-50 g/plant), reflecting the exponential growth phase of coriander between these two intervals. This rapid accumulation phase coincides with maximum leaf area index and peak daily photosynthesis rates, as described by Hunt et al. (1990) in their crop growth analysis. The significant correlation of LY55 with total leaf yield (r=0.925**, Table 4) confirms that 55 DAS harvest yield is an excellent early predictor of total leaf production, offering a practical selection tool. The 1000-grain weight reflected this trend, declining from 9.10 g (ridge November) to 5.95 g (ridge February)-a 34.6 per cent reduction that corroborates findings by Karak et al. (2020), who reported 30-40 per cent reduction in coriander grain weight under heat-stressed late sowings in West Bengal. Highest seed yield (Table 2) was recorded in flat sowing in October (8.98 q/ha), which was statistically at apr with flat sowing in November but significantly higher than rest of the treatments. The superiority of October sowing for seed yield is explained by the alignment of the reproductive phase (flowering and grain filling) with optimal thermal conditions i.e., October-sown crop in Hoshiarpur typically flower in December-January (mean temperature 8-15°C), a thermal range that maximizes floret longevity, pollen viability, and seed fill duration (Parihar et al., 2000). Crops sown in November or later undergo a forced reproductive phase due to rising temperatur, which curtails grain fill duration and reduces 1000-grain weight and final seed yield. September sowing produced the lowest seed yields (ridge: 4.98 q/ha; flat: 4.25 q/ha) due to heat stress during both vegetative and reproductive phase of the crop. The February sowing recorded the poorest performance across all yield parameters (total leaf yield: 146-172 g/plant; seed yield: 3.02-3.10 q/ha). Mahesh et al. (2016) documented a similar pattern for late-sown coriander in Rajasthan with reduced total radiation interception and photosynthate supply to both vegetative biomass and reproductive organs. Painkara et al (2024) also reported significant increase in growth and seed yield of coriander under October sown crop.


Table 2: Effect of sowing date and method on leaf yield (g/plant), 1000-grain weight, and seed yield (q/ha) of coriander
	Treatment
	Leaf Yield at 45 DAS (g/plant)
	Leaf Yield at 55 DAS (g/plant)
	Leaf Yield at Maturity (g/plant)
	Total Leaf Yield (g/plant)
	1000-Grain Weight (g)
	Seed Yield (q/ha)

	Ridge- 15th Sep
	18.50
	32.45
	61.07
	112.02
	7.12
	4.98

	Ridge- 15th Oct
	33.00
	91.16
	103.11
	227.27
	8.82
	7.15

	Ridge- 15th Nov
	37.07
	81.03
	82.05
	200.15
	9.10
	7.25

	Ridge- 15th Dec
	33.12
	78.06
	81.14
	192.32
	7.85
	5.05

	Ridge- 15th Jan
	32.08
	71.14
	76.11
	179.33
	7.10
	3.98

	Ridge- 15th Feb
	27.33
	58.15
	61.18
	146.56
	5.95
	3.10

	Flat- 15th Sep
	20.17
	36.11
	79.13
	135.41
	7.05
	4.25

	Flat- 15th Oct
	35.00
	79.16
	98.07
	210.90
	8.72
	8.98

	Flat- 15th Nov
	50.19
	97.01
	96.13
	243.33
	9.05
	8.15

	Flat- 15th Dec
	45.11
	98.07
	101.11
	244.29
	7.55
	7.25

	Flat- 15th Jan
	40.09
	79.20
	88.05
	207.33
	6.91
	4.50

	Flat- 15th Feb
	34.06
	68.04
	70.12
	172.23
	5.91
	3.02

	LSD (P=.05)
	6.03
	13.09
	14.29
	32.16
	0.74
	0.89

	SE(d)
	2.88
	6.27
	6.85
	15.41
	0.36
	0.43



LSD = Least Significant Difference at P=0.05; SE(d) = Standard Error of difference; DAS = Days after sowing
4. Path Coefficient Analysis
	Path coefficient analysis (Table 3) depicted the residual variation of 0.117 which indicates that the traits included in the model account for 88.3 per cent of the total variation in seed yield, confirming the comprehensiveness of the trait set selected for the analysis. The most striking finding was the large positive direct effect of 1000-grain weight on seed yield (direct path coefficient: 0.589), paired with the highest phenotypic correlation with seed yield (r = 0.862**). This combination of high direct effect and highly positive correlation identifies 1000-grain weight as the single most reliable selection criterion for seed yield improvement in coriander. Higher 1000-grain weight in October-November sowings in this study was thus directly attributable to the longer grain-fill period afforded by cooler temperatures during December-February. Similar high direct effects of 1000-grain weight were reported by and Chaudhary et al. (2018) (0.618) in coriander and Jaidka et al. (2024) in wheat (1.05). Leaf yield at 55 DAS (LY55) exhibited the second highest direct positive effect (0.404) and a highly significant positive correlation with seed yield (r = 0.546**). This relationship reflects source-sink relationship where plants with higher leaf biomass at 55 DAS have greater photosynthetic area during the critical pre-flowering phase, enabling more abundant assimilate supply to developing seeds. Total leaf yield (TLY) showed a strong positive correlation with seed yield (r = 0.627**) but a high negative direct effect (−0.212), indicating that its effect on seed yield is largely mediated indirectly through other traits such as 1000-grain weight and LY55, a classic suppressor variable relationship in path analysis, also noted by Karak et al. (2020) for coriander in eastern India. Plant height at maturity (PHM) showed a moderate positive correlation (r = 0.373*) and a negative direct effect (−0.161), implying that taller plants contribute to seed yield primarily through indirect effects via secondary branching and leaf area accumulation, rather than through their direct influence on seed filling. This has practical breeding implications: selecting for tall plants alone will not improve seed yield; rather, selection should focus on 1000-grain weight and LY55, which carry the highest direct effects. Secondary branches at 45 DAS (SB45) also showed a significant positive correlation with seed yield (r = 0.473**) and a meaningful direct effect (0.176), consistent with findings by Parihar et al. (2000) who emphasized early branching as a predictor of umbel number and, subsequently, seed yield.


Table 3: Path coefficient analysis showing direct (diagonal, bold) and indirect effects of growth and yield traits on seed yield
	Trait
	PH45
	PH55
	PHM
	PB45
	PB55
	PBM
	SB45
	SB55
	SBM
	LA45
	LA55
	LAM
	LY45
	LY55
	LYM
	TLY
	GW

	PH45
	-0.15
	0.12
	-0.07
	-0.11
	-0.07
	-0.09
	0.07
	0.04
	-0.13
	0.09
	0.06
	-0.06
	0.02
	0.13
	-0.02
	-0.04
	-0.12

	PH55
	-0.11
	0.16
	-0.11
	-0.12
	-0.09
	-0.09
	0.12
	0.06
	-0.09
	0.11
	0.08
	-0.10
	0.05
	0.27
	0.03
	-0.11
	0.02

	PHM
	-0.06
	0.11
	-0.16
	-0.11
	-0.10
	-0.07
	0.15
	0.04
	-0.09
	0.16
	0.07
	-0.09
	0.05
	0.32
	0.07
	-0.14
	0.22

	PB45
	-0.10
	0.12
	-0.10
	-0.16
	-0.12
	-0.03
	0.12
	0.06
	-0.13
	0.19
	0.09
	-0.09
	0.05
	0.27
	0.04
	-0.12
	0.16

	PB55
	-0.07
	0.09
	-0.10
	-0.12
	-0.16
	-0.06
	0.123
	0.06
	-0.11
	0.18
	0.08
	-0.08
	0.05
	0.31
	0.07
	-0.15
	0.29

	PBM
	-0.09
	0.09
	-0.06
	-0.05
	-0.05
	-0.17
	0.05
	0.03
	-0.01
	0.04
	0.03
	-0.03
	0.02
	0.13
	-0.01
	-0.04
	-0.16

	SB45
	-0.06
	0.11
	-0.14
	-0.11
	-0.12
	-0.05
	0.18
	0.05
	-0.08
	0.14
	0.08
	-0.09
	0.05
	0.31
	0.08
	-0.16
	0.27

	SB55
	-0.07
	0.01
	-0.07
	-0.09
	-0.11
	-0.05
	0.09
	0.09
	-0.14
	0.15
	0.08
	-0.09
	0.03
	0.23
	0.04
	-0.09
	0.26

	SBM
	-0.09
	0.08
	-0.07
	-0.10
	-0.09
	-0.01
	0.07
	0.07
	-0.20
	0.16
	0.07
	-0.09
	0.01
	0.15
	0.02
	-0.05
	0.19

	LA45
	-0.06
	0.07
	-0.09
	-0.12
	-0.11
	-0.03
	0.09
	0.06
	-0.12
	0.26
	0.08
	-0.09
	0.04
	0.23
	0.06
	-0.12
	0.33

	LA55
	-0.08
	0.10
	-0.09
	-0.12
	-0.11
	-0.04
	0.11
	0.06
	-0.13
	0.17
	0.12
	-0.09
	0.05
	0.24
	0.06
	-0.12
	0.17

	LAM
	-0.06
	0.11
	-0.09
	-0.10
	-0.08
	-0.04
	0.11
	0.06
	-0.12
	0.16
	0.08
	-0.15
	0.04
	0.24
	0.06
	-0.12
	0.24

	LY45
	-0.05
	0.11
	-0.11
	-0.11
	-0.11
	-0.05
	0.12
	0.04
	-0.04
	0.15
	0.08
	-0.09
	0.07
	0.33
	0.08
	-0.18
	0.24

	LY55
	-0.05
	0.19
	-0.13
	-0.11
	-0.13
	-0.06
	0.14
	0.05
	-0.07
	0.15
	0.07
	-0.09
	0.06
	0.40
	0.10
	-0.20
	0.30

	LYM
	0.020
	0.035
	-0.08
	-0.05
	-0.09
	0.01
	0.11
	0.03
	-0.02
	0.12
	0.05
	-0.06
	0.04
	0.28
	0.14
	-0.18
	0.36

	TLY
	-0.03
	0.06
	-0.11
	-0.10
	-0.12
	-0.04
	0.13
	0.04
	-0.05
	0.14
	0.07
	-0.08
	0.06
	0.37
	0.12
	-0.21
	0.33

	GW
	0.03
	0.01
	-0.06
	-0.05
	-0.08
	0.05
	0.08
	0.04
	-0.06
	0.15
	0.04
	-0.06
	0.03
	0.20
	0.09
	-0.12
	0.59

	SY
	-0.33
	0.05
	0.37*
	0.21
	0.42**
	-0.29
	0.47**
	0.34*
	0.10
	0.48**
	0.31
	0.32
	0.50**
	0.55**
	0.71**
	0.63**
	0.86**



Diagonal values (bold) = direct effects; off-diagonal = indirect effects; bottom row (SY) = phenotypic correlations with seed yield. NS = non-significant; * = significant at P=0.05; ** = significant at P=0.01. Residual variation = 0.117

5. Correlation Analysis
	The correlation matrix (Table 4) provides a comprehensive picture of inter-trait associations. The overwhelmingly positive and significant correlations among most vegetative traits (plant height, branches, leaf area across growth stages) confirm the integrated nature of canopy development treatments that favour one aspect of vegetative growth simultaneously promote others, a result of the shared environmental drivers (temperature, radiation, moisture) that operate across all growth processes. Among the most agriculturally important correlations, plant height at maturity (PHM) showed strong positive associations with secondary branches at 45 DAS (SB45:r=0.844**) and leaf yield at maturity (LYM:r =0.495**), confirming that final plant stature reflects cumulative branching and leaf area development. The leaf yield traits were strongly intercorrelated: LY55 × TLY = 0.925** and LY45 × LY55 = 0.821**, supporting the use of early leaf yield measurements (at 45 or 55 DAS) as rapid, non-destructive proxies for final leaf and total yield potential an important consideration for on-farm assessment tools. 1000-Grain weight showed highly significant positive correlations with LYM (r = 0.610**), TLY (r = 0.554**), and PB55 (r = 0.497**). Notably, plant height at 45 DAS (PH45) showed a non-significant negative correlation with seed yield (r = −0.327NS), suggesting that early vigorous growth (typical of September-sown, high-temperature treatments) does not confer a seed yield advantage and may, in fact, reflect investment in vegetative organs at the expense of reproductive allocation, a manifestation of the vegetative-reproductive growth trade-off well-documented in annual crops (Sadras and Denison, 2009). The strong positive correlations of leaf yield with seed yield (LYM: r = 0.713**; TLY: r = 0.627**) have important implications for dual-purpose coriander production: treatments that maximize leaf yield, particularly flat November-December sowings-also perform well for seed yield. This absence of a strong trade-off between leaf and seed yield under optimal sowing windows (October–December) suggests that farmers can target both markets sequentially harvesting green leaves at 45 and 55 DAS for the fresh market, then allowing the crop to mature for seed, maximizing the economic return per unit area from a single crop.


Table 4: Phenotypic correlation matrix of growth and yield attributes with seed yield (SY) in coriander
	Trait
	PH45
	PH55
	PHM
	PB45
	PB55
	PBM
	SB45
	SB55
	SBM
	LA45
	LA55
	LAM
	LY45
	LY55
	LYM
	TLY
	GW

	PH45
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PH55
	0.73**
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PHM
	0.42*
	0.70**
	-1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PB45
	0.67**
	0.71**
	0.64**
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	

	PB55
	0.45**
	0.61**
	0.64**
	0.74**
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	PBM
	0.57**
	0.55**
	0.30*
	0.31NS
	0.33*
	1.00
	
	
	
	
	
	
	
	
	
	
	

	SB45
	0.38*
	0.68**
	0.84**
	0.67**
	0.73**
	0.28
	1.00
	
	
	
	
	
	
	
	
	
	

	SB55
	0.45**
	0.58**
	0.46**
	0.59**
	0.66**
	0.28
	0.48**
	1.00
	
	
	
	
	
	
	
	
	

	SBM
	0.63**
	0.50**
	0.43**
	0.62**
	0.54**
	0.06
	0.39*
	0.69**
	1.00
	
	
	
	
	
	
	
	

	LA45
	0.36*
	0.44**
	0.61**
	0.73**
	0.69**
	0.16
	0.54**
	0.59**
	0.61**
	1.00
	
	
	
	
	
	
	

	LA55
	0.49**
	0.63**
	0.58**
	0.72**
	0.66**
	0.21
	0.64**
	0.67**
	0.62**
	0.64**
	1.00
	
	
	
	
	
	

	LAM
	0.42*
	0.65**
	0.59**
	0.60**
	0.50**
	0.21
	0.60**
	0.62**
	0.61**
	0.60**
	0.64**
	1.00
	
	
	
	
	

	LY45
	0.29
	0.65**
	0.67**
	0.65**
	0.69**
	0.29
	0.70**
	0.38*
	0.19
	0.57**
	0.64**
	0.57**
	1.00
	
	
	
	

	LY55
	0.33
	0.67**
	0.79**
	0.67**
	0.77**
	0.33
	0.77**
	0.56**
	0.36*
	0.57**
	0.59**
	0.60**
	0.82**
	1.00
	
	
	

	LYM
	-0.13
	0.21
	0.50**
	0.29
	0.52**
	-0.06
	0.60**
	0.32
	0.11
	0.45**
	0.43**
	0.42*
	0.61**
	0.70**
	1.00
	
	

	TLY
	0.17
	0.52**
	0.68**
	0.58**
	0.72**
	0.21
	0.75**
	0.47**
	0.24
	0.54**
	0.58**
	0.55**
	0.84**
	0.93**
	0.86**
	1.00
	

	GW
	-0.20
	0.03
	0.38*
	0.28
	0.50**
	-0.27
	0.47**
	0.45**
	0.32
	0.57**
	0.29
	0.41*
	0.41*
	0.50**
	0.61**
	0.55**
	1.00

	SY
	-0.33
	0.053
	0.37*
	0.21
	0.42**
	-0.29
	0.47**
	0.34*
	0.10
	0.48**
	0.31
	0.32
	0.50**
	0.55**
	0.71**
	0.63**
	0.86**


** Significant at P=0.01; * Significant at P=0.05; NS = Non-significant; Diagonal values = unity (self-correlation)
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7. Conclusion
The present investigation conclusively establishes that sowing date is the dominant agronomic factor governing the vegetative growth, leaf yield, and seed yield of coriander in the sub-montane agro-climatic zone of Punjab.
1. Sowing on 15th December under ridge method produced the tallest plants and highest leaf area, while the November-December flat sowing maximized total leaf yield (244 g/plant). Seed yield was highest under flat sowing in October (8.98 q/ha), aligning the reproductive phase with optimal thermal conditions for grain filling.
2. Early (September) sowing, while physiologically suboptimal due to high temperatures, holds significant economic merit for off-season premium-priced leafy coriander production. The price premium of Rs. 80–150/kg during September–October can offset lower biomass yields, generating net returns 2–3 times higher than main season production. This positions early sowing as a viable income diversification strategy for smallholder farmers in sub-montane Punjab.
3. Ridge sowing outperformed flat sowing for vegetative growth parameters (plant height, branching) in the early rainy-season sowings (September-October), primarily through improved root-zone aeration. Flat sowing performed comparably or better for leaf yield under drier rabi conditions (November-February), recommending a context-specific choice of sowing method based on seasonal moisture availability.
4. Path analysis identified 1000-grain weight as the single most important direct determinant of seed yield (direct path coefficient: 0.589; correlation with SY: 0.862**), followed by leaf yield at 55 DAS (0.404). These traits should be prioritized in breeding and agronomic selection programs targeting seed yield improvement in coriander.
Future research should investigate the interaction of improved high-yielding and disease-resistant varieties with optimized sowing schedules, and evaluate the economic feasibility of protected cultivation (low-cost polyhouse or shade-net) to extend the profitable off-season production window in this region.













8. References
Agmarknet (2023). Daily Price Reports for Coriander Leaves, Punjab Markets. Directorate of Marketing and Inspection, Ministry of Agriculture, Government of India. Available at: https://agmarknet.gov.in (Date of visit: 14.03.2026)
Bairwa, R.K., Lakra, R.K. and Singh, B. (2012). Effect of sowing time and plant density on growth and yield of coriander (Coriandrum sativum L.) under irrigated conditions of Rajasthan. Journal of Spices and Aromatic Crops, 21(2), 112-118.
Chaudhary, A., Singh, S.K. and Yadav, D.S. (2018). Influence of sowing date on growth, yield and essential oil content of coriander (Coriandrum sativum L.) in semi-arid conditions of Haryana. Indian Journal of Agronomy, 63(1), 89-95.
Choudhary, M. and Banga, R.S. (2018). Agroclimatic characterization of sub-montane Punjab: implications for horticultural crop planning. Punjab Agricultural University Research Bulletin, 55(2), 1-18.
Dewey, D.R. and Lu, K.H. (1959). A correlation and path coefficient analysis of components of crested wheat grass seed production. Agronomy Journal, 51(9), 515-518.
Hunt, R., Causton, D.R., Shipley, B. and Askew, A.P. (1990). A modern tool for classical plant growth analysis. Annals of Botany, 90(4), 485-488.
Jaidka M and Deol J S (2024) Evaluation of growth and developmental behaviour of soybean 	[Glycine max (L.) Merrill] and their multicollinearity under the influence of detopping and 	mepiquat chloride application. Journal of Crop and Weed, 20(1):41-48.
Jaidka M, Brar A S and Singh H (2024) Production efficiency of rice wheat cropping system and 	path coefficient analysis of wheat under climate smart technologies. International Journal 	of Research in Agronomy 7(2): 504-508.
Karak, C., Roy, B., Saha, A. and Bhattacharya, P. (2020). Path coefficient analysis for seed yield and yield attributing traits in coriander (Coriandrum sativum L.). Journal of Pharmacognosy and Phytochemistry, 9(4), 1174-1178.
Kumar, R. and Singh, V.P. (2019). Effect of sowing methods on growth and yield of coriander under semi-arid conditions. Indian Journal of Horticulture, 76(3), 456-461.
Kuri B, Jat N, Shivran A, Puniya M.. Productivity and profitability of coriander varieties influence 	by sowing time and plant growth regulators. Annals of Agricultural Research. New Series. 	2015; 36(2):204-211. 
Mahesh, K., Bhatt, B. and Sharma, R.K. (2016). Response of coriander to different dates of sowing under north Indian plains. Agricultural Science Digest, 36(1), 58-61.
Meena, S.S., Meena, R.K. and Meena, R.S. (2014). Variability, correlation and path analysis in coriander (Coriandrum sativum L.). Journal of Spices and Aromatic Crops, 23(1), 67-73.
Morales, M., Davies, G. and Bhanu Murthy, G. (2014). Coriander (Coriandrum sativum): production, physiology, and quality. Advances in Agronomy, 128, 293-347.
Nair, A., Ngouajio, M. and Gillum, M. (2012). Polyethylene mulch in an organic herb system: implications for weed management and crop growth. HortScience, 47(11), 1605-1610.
Painkara S K, Chandrakar D K, Paraye P M, Verma A K, Langangmeilu G and Patel A (2024) 	Coriander Yield Characteristics as Influenced by Varied Date of Sowing and Planting 	Geometry under Chhattisgarh Plain Zone. International Journal of Environment and		 Climate Change 14(2): 199-204.
Parihar, S.S., Tripathi, R.S. and Misra, A. (2000). Production potential of coriander (Coriandrum sativum L.) as influenced by sowing time and fertilizer levels. Indian Journal of Agronomy, 45(3), 578-582.
Patel, J.C., Patel, R.B. and Patel, V.J. (2015). Influence of sowing methods and irrigation scheduling on seed yield of coriander. Indian Journal of Agricultural Sciences, 85(7), 932-936.
Sadras, V.O. and Denison, R.F. (2009). Do plant parts compete for resources? An evolutionary viewpoint. New Phytologist, 183(3), 565-574.
Singh, K. and Sharma, P.K. (2020). Effect of sowing dates and varieties on growth, yield and quality of coriander under semi-arid conditions of Rajasthan. International Journal of Current Microbiology and Applied Sciences, 9(2), 1283-1292.
Singh, R., Verma, A. and Kaur, P. (2021). Economics of off-season coriander production in Punjab: a cost-benefit analysis. Agricultural Economics Research Review, 34(1), 85-93.
Taiz, L. and Zeiger, E. (2010). Plant Physiology. 5th edition. Sinauer Associates, Sunderland, MA.
Watson, D.J. (1952). The physiological basis of variation in yield. Advances in Agronomy, 4, 101-145.
