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	ABSTRACT	
A	�ield	experiment	was	carried	out	during	the	Rabi	season	of	2023-24	at	the	experimental	farm	of	the	All	India	Coordinated	Research	
Project	on	Linseed	and	Mustard	and	the	Agricultural	Botany	Section,	College	of	Agriculture,	Nagpur.	The	objective	was	to	evaluate	
the	performance	of	sixteen	Indian	mustard	(Brassica	juncea	L.)	genotypes	namely	ACN	231,	ACN-237,	ACN-248,	ACN-258,	ACN-264,	
ACN-281,	ACN-285,	ACN-294,	ACNMM-32,	ACNMM-40,	ACNMM-55,	ACNMM-62,	TM	308-1(YS),	Kranti,	BIO-902,	and	TAM-108-1	
under	two	different	sowing	environments:	irrigated	and	rainfed.	The	study	followed	a	factorial	randomized	block	design	(FRBD)	
with	three	replications.	Observations	were	recorded	on	phenological	traits	(such	as	days	to	50%	�lowering),	biochemical	parameters	
(including	total	chlorophyll	content	at	45	and	75	DAS,	proline	accumulation	at	60	and	75	DAS,	and	seed	oil	content	post-harvest),	and	

-1yield-related	 characteristics	 (such	 as	 siliquae	 density,	 number	 of	 siliquaeplant ,1000-seed	weight,	 and	 seed	 yield).	 Among	 all	
genotypes,	 ACN-237	 consistently	 showed	 superior	 performance	 across	 both	 moisture	 regimes,	 exhibiting	 favorable	 values	 in	
phenological,	biochemical,	and	yield	 traits.	 Similarly,	ACN-294	and	ACNMM-55	also	outperformed	most	genotypes	under	both	
irrigation	treatments,	indicating	their	adaptability	and	suitability	for	diverse	cultivation	conditions.

Keywords:	Indian	mustard,	factorial	randomized	block	design	(FRBD),	proline,	irrigated	and	rainfed,	drought	tolerance,	genotype	
evaluation,	siliquae	density	and	yield	performance.

Introduction
Mustard (Brassica	 juncea), a key oilseed crop from the 
Brassicaceae family (formerly Cruciferae), holds signi�icant 
agricultural importance. Indian mustard, also known as brown 
mustard, is a natural amphidiploid species with a chromosome 
number of 2n = 36. Although it predominantly undergoes self-
pollination, cross-pollination facilitated by insects and other 
agents contributes to about 2–15% of the total pollination. The 
oil content in rapeseed-mustard varies between 33% and 46%, 
with typical oil recovery ranging from 32% to 38%. (Dhaliwal et	

 [1]al.,2022) . 
 [2]According to Kaur et	 al. (2019) , mustard oil possesses a 

bene�icial balance of linolenic and linoleic acids, along with a 
substantial concentration of oleic acid. Indian mustard serves 
multiple purposes, including use as a source of vegetables, 
oilseed, forage and fodder, green manure, and condiments, 
making it a crop of considerable signi�icance in global 

 [3]agriculture (Singh et	al.,2018) . The residual oil cake left after 
oil extraction is commonly utilized as livestock feed and organic 

 [4]manure (Gopale et	al., 2022) . 
Mustard genotypes often exhibit varied responses to water 
availability, with certain genotypes thriving under irrigation 
and others showing better adaptation to rainfed conditions.
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Assessing their performance in both environments enables the 
identi�ication of high-yielding varieties tailored to speci�ic 
water regimes, thereby enhancing overall productivity. Over-
irrigation can lead to resource wastage, whereas insuf�icient 
water supply may cause signi�icant yield reductions (Jat et	al., 

 [5]2018) . The present study was undertaken to evaluate the 
phenological and biochemical responses of different mustard 
genotypes under irrigated and rainfed conditions. In addition, 
the study aimed to evaluate the yield performance and key yield-
contributing traits of these genotypes across the two 
contrasting moisture regimes, in order to identify varieties best 
suited for each environment.

Materials	and	Methods
A �ield study was carried out during the Rabi season of 2023–24 
at the Experimental Farm of the All India Coordinated Research 
Project on Linseed and Mustard and the Agricultural Botany 
Section, College of Agriculture, Nagpur. The research, titled 
“Phenological and biochemical response of mustard genotypes 
under irrigated and rainfed conditions,” involved the 
assessment of sixteen Indian mustard genotypesACN-231, ACN-
237, ACN-248, ACN-258, ACN-264, ACN-281, ACN-285, ACN-
294, ACNMM-32, ACNMM-40, ACNMM-55, ACNMM-62, TM 308-
1(YS), Kranti, BIO-902, and TAM-108-1 under two contrasting 
sowing environments: irrigated and rainfed. The experiment 
was arranged in a Factorial Randomized Block Design (FRBD) 
with three replications. Each plot measured 5.00 m × 2.70 m 
(gross), and the net plot size was maintained at 4.80 m × 1.80 m, 
with a row and plant spacing of 45 cm × 10 cm. The crop was 

-1sown using a seed rate of 5 kg ha . 
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Observations on days to 50% �lowering were recorded by noting 
the number of days from sowing until half of the plants had 
�lowered, with readings taken genotype-wise and replication-
wise. For biochemical analysis, total chlorophyll content in 
oven-dried leaves was determined using the colorimetric 

 [6]method described by Bruinsma (1982) , with optical density 
measured using a double photo cell colorimeter and red �ilter. 
Oil content in seeds was estimated using the Soxhlet's extraction 

 [7]method as per Sankaran (1965) . Proline content in fresh 
leaves was measured following the protocol outlined by Bates et	

 [8]al. (1973) .
Yield and yield-related traits were assessed at harvest. Siliquae 
density was calculated as the ratio of siliquae on the main 

-1branch to its length, using �ive randomly selected plants plot . 
-1The number of siliquae plant  was averaged from these samples. 

1000 seed weight was measured by weighing 1000 seeds from 
each genotype per replication. The seed yield from �ive 
randomly chosen plants was measured individually in grams 
using a precision electronic balance and the average seed yield 

-1per plant was calculated. Seed yield plot  was obtained by 
harvesting, threshing, and cleaning seeds from each net plot, 

-1with yield expressed on a plot , basis in kilograms.

Results	and	Discussions
Days	to	50%	Flowering	
The data presented in Table 1 and Fig. 1 revealed that days to 
50% �lowering were signi�icantly in�luenced by sowing 
conditions. Under irrigated conditions, the mean duration to 
50% �lowering was 48.67 days, whereas it was reduced to 45.04 

 [9]days under rainfed conditions. Singh et	 al. (2024)  also 
reported a similar trend, where the duration to 50% �lowering 
varied from 46.96 to 68.79 days under irrigated conditions and 
from 41.79 to 64.96 days under rainfed condition. Among the 
tested genotypes, ACN-237 recorded the earliest �lowering with 
the highest reduction i.e. (15.71%), indicating their potential for

early maturity and suitability for short-season or rainfed 
cultivation. On the other hand, TM 308-1 (YS) exhibited the 
latest �lowering with lowest reduction i.e. (3.92%), suggesting 
its preference for environments with prolonged vegetative 
growth. TAM-108-1 was at par to ACN-237. Supporting this, 

 [10]Sodani et	 al. (2017)  observed the highest day to 50% 
�lowering were observed in RH-0406 69 days (control) and RB-
50 (62.4 days) under drought. 

Total	chlorophyll	content	in	dry	leaves
The data presented in Table 1and Fig. 2 show that chlorophyll 
content in leaves was signi�icantly in�luenced by sowing 
conditions at both 45 and 75 days after sowing (DAS). 
Chlorophyll content was signi�icantly in�luenced by sowing 
conditions across growth stages of 45 DAS and 75 DAS. At 45 
DAS, the average chlorophyll content was higher under irrigated 
condition (1.18 mg g⁻¹) compared to rainfed conditions (1.00 
mg g⁻¹). Similarly, at 75 DAS, irrigated condition recorded higher 
mean chlorophyll content (1.04 mg g⁻¹) than rainfed (0.77 mg 
g⁻¹). This decline under rainfed condition can be attributed to 
moisture stress that impairs chlorophyll biosynthesis and 
accelerates degradation. These observations align with the 

 [11]�indings of Sahoo et	 al. (2019) , who reported that total 
chlorophyll content signi�icantly decreased in all the varieties 
and at all stages of growth in response to water stress when 
compared to control. 
At 45 DAS, the highest chlorophyll content was observed in ACN-
237 with the lowest reduction (7.92%). The lowest value was 
recorded in TM 308-1 (YS) with highest reduction (34.65%). At 
75 DAS, ACN-237 again maintained the highest chlorophyll level 
with the lowest reduction (12.38%) while the lowest was found 
in TM 308-1 (YS) with highest reduction (34.19%). In support of 

 [12]this, Sharma and Sardana (2022) , noted that varieties JC 210-
335, ELM 38, and CSR 1163 exhibited higher total chlorophyll 
content than the control variety RH 406.

Table	1:	Days	to	50%	�lowering	and	total	chlorophyll	content	of	Indian	mustard	as	affected	by	sowing	conditions	and	genotypes

Note:	A1:	-	Irrigated,	A2:	-	Rainfed,	A:	-	Sowing	conditions,	B:	-	Genotypes,	C:	-Check	and	NS:	-	Non-signi�icant
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water-limited environments. A similar result revealed by 
 [13]Kumari et	al. (2019)  indicated that the highest oil content 

recorded was 40.9% under irrigated conditions and 39.3% 
under rainfed conditions in NPJ-182.

Proline	content
The data presented in Table 2 and Fig.4 proline content was 
signi�icantly in�luenced by sowing conditions across both 
growth stages of 60 DAS and 75 DAS. At 60 DAS, the average 
proline content was higher under rainfed conditions (8.04 µmol 
g⁻¹) compared to irrigated condition (6.24 µmol g⁻¹). A similar 
trend was observed at 75 DAS, where rainfed condition 
recorded a higher mean proline content (10.56 µmol g⁻¹) than 
irrigated conditions (7.39 µmol g⁻¹).  The increased 
accumulation of proline under rainfed conditions indicates a 
physiological adaptation to water de�icit, helping to maintain 
osmotic balance and protect cellular functions under stress. 
These results are consistent with the �indings of Sharma et	al. 

 [14](2025) , who reported an increase in proline levels under 
drought stress compared to the control conditions. At 60 DAS, 
the highest proline content was observed in ACN-237 with 
highest increase (31.59%). The lowest value was recorded in 
TM 308-1 (YS) with the lowest increase (6.65%). At 75 DAS, 
ACN-237 again maintained the highest proline level with 
highest increase (38.81%). While the lowest was found in TM 
308-1 (YS) with lowest increase (9.45%). Notably, ACN-294 was 
statistically at par to ACN-237 at both stages. The consistently 
high proline accumulation in ACN-237 suggests enhanced 
drought tolerance through osmotic balance and protection 
against cellular dehydration. Result revealed by Dogra et	 al. 

 [15](2018)  that Kranti exhibited the highest proline content, 
followed by RSPR-03 and RSPR-01, while NRCDR-2 and Pusa 
Bold had the lowest levels at 90 DAS when compared to control 
and under drought stress conditions.

Fig	1:	Days	to	50%	�lowering	of	Indian	mustard	as	affected	by	sowing	conditions	and	
genotypes

Fig	2:	Total	chlorophyll	content	of	Indian	mustard	as	affected	by	sowing	conditions	and	
genotypes

Oil	content	in	Seed	
The data presented in Table 2 and Fig. 3 indicate that oil content 
in seed was higher under irrigated conditions with a value of 
38.71%, compared to 36.25% under rainfed conditions. The 
reduction in oil content under rainfed conditions may be 
attributed to moisture stress, which adversely affects lipid 
biosynthesis pathways during seed development. Similar result 

 [13]revealed by Kumari et	al. (2019)  indicated that an average 
decrease of 2.6% in oil content was seen under rainfed 
conditions. The highest mean oil content across environments 
was recorded in ACN-237 with lowest reduction (2.48%) and 
followed by ACN-294 (3.28%) and ACNMM-55 (3.56%). 
Notably, ACN-294, ACNMM-55 and TAM-108-1 was statistically 
at par to ACN-237. Similarly, ACN-237 maintained high oil 
content under both conditions, underscoring its resilience to

Table	2:	Oil	content	and	proline	content	of	Indian	mustard	as	affected	by	sowing	conditions	and	genotypes

Note:	A1:	-	Irrigated,	A2:	-	Rainfed,	A:	-	Sowing	conditions,	B:	-	Genotypes,	C:	-Check	and	NS:	-	Non-signi�icant
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In contrast, TM 308-1(YS) had the fewest siliquae and the 
highest reduction (40.04%), re�lecting its poor adaptability 

 [16] under moisture stress. Rani et	 al. (2024) found that the 
cultivar RH-749 produced a signi�icantly greater number of 
siliquae compared to RH-725. The interaction between sowing 
conditions and genotypes was non-signi�icant.

1000	seed	weight
As shown in Table 3, sowing conditions had a signi�icant effect 
on 1000-seed weight, with higher values recorded under 
irrigated conditions (4.88 g) compared to rainfed conditions 
(4.46 g). Similar reductions under moisture stress were 

 [17]reported by Ali and Rai (2022) . Genotypic variation in 1000-
seed weight was also signi�icant. ACN-237 recorded the highest 
seed weight with the least reduction (3.31%), followed by ACN-
294 (3.62%) and ACNMM-55 (4.66%), all of which were 
statistically comparable. On the other hand, TM 308-1(YS) 
exhibited the lowest seed weight and the highest reduction 
(20.98%), suggesting low tolerance to drought stress. These 

 [16]�indings are consistent with Rani et	al. (2024) , who reported 
greater seed weight in RH-749 than RH-725. 

-1Seed	yield	plant 	(g)
-1As presented in Table 4, seed yield plant  was signi�icantly 

affected by sowing conditions, with a higher yield recorded 
under irrigated conditions (14.02 g) compared to rainfed 
conditions (9.43 g). Similar yield declines under moisture stress 

 [18]were reported by Sujata et	al. (2023) . Genotypic differences in 
seed yield were also signi�icant. ACN-237 achieved the highest 
yield with minimal reduction, followed by ACN-294 and 
ACNMM-55, which were statistically at par. In contrast, TM 308-
1(YS) recorded the lowest yield along with the highest 
reduction, re�lecting its susceptibility to drought stress. These 

 [13]�indings align with Kumari et	al. (2019) , who observed wide 
variability in seed yield under both moisture regimes. 

-1Seed	yield	plot 	(kg)
According to Table 4, sowing conditions signi�icantly in�luenced 

-1seed yield plot , with a higher mean yield under irrigated 
conditions (0.93 kg), which declined to 0.61 kg under rainfed 

 [12]conditions. Sharma and Sardana (2022)  similarly reported a 
12.7% reduction in seed yield under moisture de�icit. Genotypic 
differences were also signi�icant ACN-237 recorded the highest 
yield with the least reduction, followed by ACN-294 and 
ACNMM-55, with ACN-294 statistically at par with ACN-237. TM 
308-1(YS) showed the lowest yield and greatest reduction, 
re�lecting sensitivity to drought. These results are in line with 

 [12]Sharma and Sardana (2022) , who noted the highest yield loss 
in JC 210-335 and the least in PBR 357. 

Fig	3:	Oil	content	of	Indian	mustard	as	affected	by	sowing	conditions	and	genotypes

Fig	 4:	 Proline	 content	 of	 Indian	 mustard	 as	 affected	 by	 sowing	 conditions	 and	
genotypes

Siliquae	density
Table 3 indicates that sowing conditions signi�icantly affected 
siliquae density, with a higher average observed under irrigated 
conditions (0.638) than under rainfed conditions (0.492), 
highlighting the adverse effect of moisture stress on 
reproductive growth. These �indings align with Singh et	 al. 

 [3](2018) , who reported greater main shoot length and siliquae 
number under irrigated conditions. Signi�icant genotypic 
differences were also observed. Genotype ACN-237 exhibited 
the highest siliquae density with the least reduction (17.10%), 
followed closely by ACN-294 (17.35%) and ACNMM-55 
(17.62%), with no signi�icant differences among them. In 
contrast, TM 308-1(YS) recorded the lowest siliquae density 
and the greatest reduction (34.59%), suggesting a higher 
sensitivity to drought stress. Notably, ACN-294 and ACNMM-55 
were statistically at par with ACN-237.

-1Number	of	siliquae	plant
As presented in Table 3, sowing conditions had a highly 

-1signi�icant effect on the number of siliquae plant , with higher 
mean values under irrigated conditions (316.32) compared to 
rainfed conditions (220.43).Similar �indings were reported by 

[16]Rani et	al. (2024) , where the highest number of siliquae was 
observed in plants that received two irrigations (control), 
followed by those with single irrigation, while the lowest 
number was noted in plants with no irrigation. Genotypic 
variation was also highly signi�icant. ACN-237 produced the 
maximum number of siliquae with the smallest reduction 
(24.17%), followed by ACN-294 (26.93%) and ACNMM-55 
(27.95%), which were statistically similar. 
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Table	3:	Siliquae	density,	Number	of	siliquae	plant-1	and	1000	seed	weight	of	Indian	mustard	as	affected	by	sowing	conditions	and	genotypes

Note:	A1:	-	Irrigated,	A2:	-	Rainfed,	A:	-	Sowing	conditions,	B:	-	Genotype,	C:	-Check	and	NS:	-	Non-signi�icant

Table	4:	Seed	yield	plant-1	and	seed	yield	plot-1	of	Indian	mustard	as	affected	by	sowing	conditions	and	genotypes

Note:	A1:	-	Irrigated,	A2:	-	Rainfed,	A:	-	Sowing	conditions,	B:	-	Genotype,	C:	-Check	and	NS:	-	Non-signi�icant

Fig	5:	Siliquae	density	of	Indian	mustard	as	affected	by	sowing	conditions	and	
genotypesnt	of	Indian	mustard	as	affected	by	sowing	conditions	and	genotypes

Fig	6:	Number	of	siliquae	plant-1of	Indian	mustard	as	affected	by	sowing	conditions	
and	genotypes

Fig	7:	1000	Seed	weight	of	Indian	mustard	as	affected	by	sowing	conditions	and	
genotypes

Fig	8:	Seed	yield	plant-1of	Indian	mustard	as	affected	by	sowing	conditions	and	
genotypes
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Conclusion
The present study revealed that sowing conditions had a 
profound impact on key phenological, biochemical, and yield-
related traits in mustard genotypes. Rainfed conditions, 
characterized by moisture de�icit, signi�icantly reduced days to 
50% �lowering, total chlorophyll content, oil content, siliquae 
density, 1000-seed weight, and seed yield, emphasizing the 
vulnerability of these traits to water stress. In contrast, proline 
content increased under rainfed conditions, possibly due to its 
role in osmotic adjustment and stress protection. Genotypic 
differences were notable, with ACN-237 demonstrating 
consistently superior performance and minimal reductions 
under stress, followed by ACN-294 and ACNMM-55, re�lecting 
their inherent drought tolerance. On the other hand, TM 308-
1(YS) showed the poorest performance and maximum 
reduction, indicating high sensitivity to stress. The largely non-
signi�icant interaction for most traits suggests stable genotype 
rankings across environments. These results highlight the 
potential of ACN-237 and ACN-294 for advancement to 
multilocation trials to validate their performance stability.
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Future	Scope
The present study evaluated the phenological and biochemical 
responses of mustard genotypes under irrigated and rainfed 
conditions in the Eastern Vidarbha Zone of Maharashtra.
To further strengthen the outcomes, future work can focus on:
�y Extensive	 multi-location	 testing	 within	 Eastern	

Vidarbha: Evaluating the same genotypes across additional 
districts and soil types of the zone to con�irm their stability 
and adaptability.

�y Long-term	 trials	 under	 variable	 rainfall	 patterns: 
Conducting multi-season studies in Eastern Vidarbha to 
assess the resilience of genotypes to intra-seasonal drought 
and delayed sowing conditions typical of this region.
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Fig	9:	Seed	yield	plant-1of	Indian	mustard	as	affected	by	sowing	conditions	and	
genotypes
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