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ABSTRACT

The mustard production and productivity of the hot arid region of Rajasthan is dominated by both
genetic makeup and environmental conditions. An experiment was conducted with four mustard varieties
(RGN-73, RGN-229, RH-30 and Pusa bold) in two growing environments (open environment and neem
shade). Pusa bold gave significantly higher plant height than other varieties. Among varieties, RGN-73
had significantly higher number of branches per plant, dry matter accumulation per plant, siliquae per
plant, seed yield, stover yield, biological yield, harvest index and heat use efficiency than other varieties.
However, significantly higher test weight was in Pusa bold variety. Under open environment condition,
significantly higher growth, yield attributes, yield, harvest index and heat use efficiency were found as
compared to neem shade environment. The results revealed that variety RGN-229 took more days for
completion of life cycle as compared to other varieties, hence RGN-229 variety required significantly
more degree days than other varieties. The pheno-thermal index was significantly higher in open condition.
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Mustard (Brassica juncea L.) is one of the important
oilseed crops of the world. Plant origin oil constitute important
component of human diet, ranking third after cereals and
animal products and are nutritionally superior to animal oil
(Alam et al., 2015; Buttar and Aulakh, 1999, FAO, 2007).
Rajasthan ranks first both in area and production of mustard
in the country. The productivity is quite lower than developed
countries mainly due to sub-optimal application of fertilizers
and cultivation on marginal lands in rainfed conditions
(Kumawatetal.,2014). Varietyselection is the most important
decision to achieve higher crop yield by improving the
fertilizer use efficiency and water use efficiency. Thus,
growers’ wisdom to select high-yielding varieties with better
agronomic traits that match the ever-changing stresses in
field conditions. Itis also a fact that specified genotypes do
not exhibit the same phenotypic characteristics in all
environmental conditions. Thus, improved cultivar selection
isan importanttool forimproving productivity. Western hot
aridregion soilsare thirsty and hungryand also suffers from
various atmospheric stresses (Bal and Minhas, 2017).
Mustard is a crop of tropical as well as temperate zones
requiring somewhat cool and dry weather for satisfactory
growth and development. High temperature at flowering
stage causesreduction in seed yield as it may lead to pollen
sterility (Singh etal., 2014). Although mustardis along day

plant requiring 16 h of light period in 24 h cycle, itcan made
to flowering if it is provided with a cycle of 8 h of light period
with 4 h of dark period (short night). Mustard can be made
to flower in about 50 days under 16/8 h light/dark period.
Growing degree days (GDD), photo-thermal index (PTI) and
heat use efficiency (HUE) have frequently been used as
weather-based parameters for assessing crop phenology.
Therefore, all growth and development stages of crop may
be estimated more accurately on the basis of GDD rather
than calendar method (Warthington and Hatchinson 2005).
Mustard crop require different amount of GDD, PTI and
HUE for growth and development stages. The GDD is used
to quantify effect of temperature and described the timing
of different biological process (McMaster and Wilhelm,
1997, Qiao-yan et al.,2012). Thisresearch article on mustard
(Brassica juncea L.) varieties under Azadirachta indica
shade and open environmental conditions of was undertaken
and results are being presented.

MATERIALS AND METHODS

A field experiment was conducted on Indian mustard
(Brassica juncea L.) varieties under Azadirachta indica
shade and open environmental conditions of hotarid region
of Rajasthan at Instructional Farm, College of Agriculture,
SK. Rajasthan Agricultural University, Bikaner, Rajasthan,
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Indiaduring rabi season of2017-18. The experiment location
situated at 28° 01°N latitude and 73° 22 E longitude at an
altitude of 234.70 meters above mean sea level. The
experiment was laid outin Factorial Randomized Complete
Block Design with three replications. The factor first mustard
varieties in fourlevels viz, varieties (RGN-73, RGN-229, RH-
30 and Pusa bold) and second factor two environment
conditions (fullyopen environment and partly neem shade).
The soils of experimental site were loamysand in texture with
available nutrient status 120 kg N ha", 21 kg P,O_ha" and
296 Kg K, O ha'!, saline in soil pH 8.10. The temperature
conditions always at extreme level both sides i.e, low and
high and seldom and very low winter rains. There was no
winter rain received during study period. The mustard crop
was sown on 17 November, 2017 using seed rate at 4
kgha'atrow spacing 30 cm. Besides, package of practice
of raising mustard in zone 1 ¢ (Hyper Arid Partial Irrigated
Zone) of Rajasthan was followed and standard procedure
was adopted for recording observations. Observations were
recorded on plant height, number of branch, dry matter
accumulation, siliquae plant ™', test weight, seed and stover
yield, biological yield and harvest index. Five random plants
from each plot were uprooted and later cleaned and
observations like plant height, number of branch and dry
matter at periodical at 50, 75, 100 and at harvest days after
sowing (DAS) were recorded and averaged. Yield attributes
were recorded at harvest to assess the contribution towards
yield. Total number of siliquae of 5 sampled plants were
counted and expressed as number of siliquae per plant. The
test weight was counted from the lot, weighed and expressed
as test weight. The seed and stover yields were computed
from the harvest of the net plots.

The daily meteorological data was collected
from Agro-meteorological Observatory, Agriculture Research
Stations, Beechwal, SK. Rajasthan Agricultural University,
Bikaner, Rajasthan (India), meteorological data were used
(Fig.1). Agro-meteorological indices were calculated on
dailybasis and accumulated during different phenological
stages viz. emergence, leaf development, inflorescences
emergence, flowering, siliquae development, physiological
maturity and at harvest of the crop using following formula:

Growing degree days (GDD) =" {(@) _ Tli}
i1

T,=4.4°C (Kuaretal.,2006; Pankaj et al.,2014; Lal, et al.,
2017)

Pheno-thermal index (PTT)is the ratio of degree days
consumed between two phenological stages to the number
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of days taken between two stages (Singh et al., 2014; Lal,
etal.,2017; Gupta et al., 2017).

: Accumulated growing degree days (AGDD)
Pheno-thermal index (PTI) =

Number of days between two phenological stages

Heat use efficiency (HUE) was also computed for
seed yield, stove yield and biological yield. HUE
(kg ha'°C"! days) is the dry matter produced per unit degree
day consumption (Singh et al.,2014; Aggarwal et al.,2016;
Sidhuet al.,2017; Lal, et al.,2017).

Above ground dry matter (kg/ha)

Heat use efficiency (Kgha/°C days) =
&g 2 Accumulated growing degree days (AGDD)

Data were statistical analyzed with STAR (Statistical
Tool For Agricultural Research), software developed by
Department of Plant Breeding Genetics and Biotechnology,
IRRI (International Rice Research Institute), Manila,
Phillipines based on the procedure of Cochran and Cox
(1966).

RESULTS AND DISCUSSION

Crop phenology

The emergence was recorded as the number of days
required from sowing to the date when coleoptyle had
emerged on soil surface (Table 1). Days taken for completion
of crop emergence and inflorescence emergence were noted
non-significant effect among varieties however, Pusa bold
(21.5 days) require significantly more days taken for leaf
development stage than other varieties. Whereas, flowering
stage in Pusa bold (55.5 days) taken less days compared to
other varieties. This might be due to favourable soil and air
temperature during this sowing time which hastened the
seed germination and emergence (Guptaetal.,2017). Among
the varieties RGN-229 taken was more days for their
completion of life cycle compared to other varieties owing
to genotypes characteristics of RGN-229 variety at different
phenophases fruit development (91.5 days), physiological
maturity (119 days) and harvesting maturity (135 days).
This could be possible due to higher temperature after
flower bud initiation stage which fulfilled growing degree
days requirement of crop. Almost similar findings were
reported by Hokmalipour ef al., 2011 and Gupta et al.,
2017. The shade condition was statistical significant as
more days taken to achieve all the phenological stages likes
that emergence (4.3 days), inflorescences emergence (46
days), flowering (58.3 days), fruit development (88.4 days),
physiological maturity (116.8 days) and harvesting maturity
(128 days) compared to open condition.
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Fig.1: Mean weekly meteorological conditions during the crop Rabi season (2017-18)
Table 1: Effect of varieties and environmental condition on phenological stage (DAS) of mustard.
Treatment Emergence Development Inflorescences Flowering Development Physiological Harvesting
ofleaf emergence of fruit maturity maturity
A. Varieties
i. RGN-73 3.5 19.3 45.7 58.0 89.5 116.2 129.5
ii. RGN-229 3.5 19.3 45.7 58.0 91.5 119.0 135.0
iii. RH-30 4.2 20.2 45.5 58.0 85.5 116.0 126.0
iv. Pusa bold 4.0 21.5 44.8 55.5 85.3 111.5 119.0
CD (p=0.05) NS 1.7 NS 1.5 0.9 1.1 1.2
B. Environment conditions
i. Open 3.3 19.7 44.8 56.5 87.5 114.6 126.8
ii. Shade (Neem) 4.3 20.4 46.0 58.3 88.4 116.8 128.0
CD (p=0.05) 0.8 NS 0.9 1.1 0.7 0.8 0.9
Table 2: Response of mustard varieties and environmental conditions on plant height (cm).
Treatment 50DAS 75DAS 100DAS At harvest
A. Varieties
i. RGN-73 33.4 130.7 137.7 140.8
ii. RGN-229 33.7 126.0 141.0 144.3
iii. RH-30 40.3 123.7 131.7 135.0
iv. Pusa bold 37.8 134.8 147.7 151.0
D (p=0.05) 5.1 NS 6.8 5.6
B. Environment conditions
i. Open 38.7 138.6 153.9 157.3
ii. Shade (Neem) 34.2 119.1 125.0 128.3
CD (p=0.05) 3.6 12.4 4.8 3.9
Plant height noted at 50 DAS over RGN-73 and RGN-229 but was at par

with Pusa bold (37.8cm). While at 100DAS and at harvest

Among the Mustard varieties, RH 30 was attained o . . . i
significantly higher plant height was recoded in variety

tested the maximum plant height (40.3 cm) (Table 2) was
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Table 3: Effect of mustard varieties and environmental conditions on number of branches per plant.

Treatment S0DAS 75DAS 100DAS Atharvest
A. Varieties

i. RGN-73 2.5 4.8 6.8 7.0
ii. RGN-229 2.4 4.6 6.5 6.8
iii. RH-30 1.7 3.3 4.6 4.9
iv. Pusa bold 1.9 4.3 5.2 5.9
CD (p=0.05) 0.1 NS 1.5 1.1
B. Environment conditions

i. Open 2.6 5.5 7.7 8.1
ii. Shade (Neem) 1.7 3.0 3.9 4.2
CD (p=0.05) 0.1 0.9 1.0 0.8

Table 4: Response of mustard varieties and environmental conditions on dry matter accumulation per plant (g).

Treatment S0DAS 75DAS 100DAS Atharvest
A. Varieties

i. RGN-73 3.0 10.3 20.5 27.9
ii. RGN-229 2.2 8.6 17.0 25.1
iii. RH-30 1.8 6.4 12.7 18.4
iv. Pusa bold 2.1 6.8 13.5 19.7
CD (p=0.05) 0.2 1.3 2.5 3.4
B. Environment conditions

i. Open 2.9 9.2 18.2 25.8
ii. Shade (Neem) 1.6 6.8 13.6 19.8
CD (p=0.05) 0.2 0.9 1.7 2.4

Pusa boldi.e. 147.7 and 151 cm, respectively. The plant
height under shade environmental condition decreased
significantly compared to open condition atall the periodical
stage. The maximum plant height was noted in open
environmental conditionat 50 DAS to at harvest DAS were
38.7,138.6,153.9 and 157.3 cm, respectively.

Number of branches and dry matter accumulation

Among the mustard varieties in RGN-73 showed
superior at all the periodical stages significantly increased
number of branches plant' (Table-3) and dry matter
accumulation plant (Table-4). It was due to high yielding
variety suitable for irrigated condition. Similar result was
found by (Bagwar, 2016). The maximum numbers of branches
plant' in RGN-229 variety noted at different periodical
stageslike that 50, 75,100 DAS and at harvest were 2.5, 4.8,
6.8 and 7.0, respectively. The less number of branch
plant'under RH-30 was 1.7, 3.3,4.6 and 4.9 at 50,75, 100

DAS and at harvest, respectively. Whereas, significantly
higher number of branches plant™' and dry matter were noted
under open condition compared to shade condition. The
highest number of branch plant (8.1) and dry matter plant-
1(25.8g) were recorded in open environment as compared
to respective value 4.2 number plant ' in Neem shade growing
environment. Hence, more radiation available resulting higher
photosynthesis in open condition and reduced height
reached to plants under neem shade condition thereby
decreased rate of photosynthesis of drymatter accumulation.

Yield attributes, yield and harvest index

The number of siliquae plant™! (Table 5) in RGN-73
(170.1) was statistically significant compared to other
treatments. Similar result was recorded in seed yield (1231
kgha'), stoveryield (4597 kgha'), biological yield (5828
kg ha') presented in Fig. 2 and 3). Whereas, test weight in
Pusa bold was significantly higher recorded than other
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Table 5: Influence of mustard varieties and environmental conditions on yield attributes, harvest index and heat use efficiency
(HUE) (kg ha' °C' days) of yield.

Treatment No. of Test Harvest Heat use efficiency (kg ha' °C! days)
Siliquae/plant  weight (g) index (%) Seed yield Stover Yield Biological yield

A. Varieties

i. RGN-73 170.1 3.9 20.8 4.2 15.5 19.7

ii. RGN-229 158.0 3.7 20.5 3.7 14.1 17.8

iii. RH-30 125.0 4.9 18.9 3.2 13.6 16.8

iv. Pusa bold 118.6 5.1 18.3 3.3 14.5 17.8

CD (p=0.05) 3.3 0.3 1.6 0.5 1.0 1.2

B. Environment conditions

i. Open 172.6 4.6 22.9 4.4 14.8 19.3

ii. Shade (Neem) 113.3 4.1 16.4 2.8 14.0 16.8

CD (p=0.05) 2.3 0.2 1.2 0.3 0.7 0.8

Table 6: Effect of varieties and environmental condition on growing degree days (GDD) (°C days) of different phonological

stage of mustard

Treatment Emergence Development Inflorescences Flowering Development Physiological  Harvesting
ofleaf emergence of Fruit maturity maturity
A. Varieties
i. RGN-73 51.8 286.1 675.9 858.4 1324.6 1719.26 1916.6
ii. RGN-229 51.8 286.1 675.9 858.4 1324.2 1761.2 1998.0
iii. RH-30 61.7 298.5 675.4 858.4 1265.4 1716.8 1864.8
iv. Pusa bold 59.2 318.2 663.5 821.4 1262.9 1650.2 1764.2
C.D.(p=0.05) NS 25.2 NS 22.0 14.1 16.8 18.4
B. Environment conditions
i. Open 49.3 292.3 663.5 836.2 1295.0 1695.8 1875.9
ii. Shade (Neem) 62.9 302.2 680.8 862.1 1308.5 1727.9 1894.4
C.D. (p=0.05) 11.4 NS 15.5 10.0 11.9 13.0

varieties. This might be due to genotype characteristics and
high yielding potential of the variety suitable forirrigated
condition. Similar result was found by (Bagwar, 2016). The
maximum harvestindex under RGN-73 (20.8%) was higher
but statistical at par with RGN-229 (20.5%), while both
varieties were significantly superior than RH-30 (18.9%)
and Pusa bold (18.3%). Result showed that irrespective of
varieties, more number of siliquae plant™! (172.6) and test
weight (4.6g) were noted under open condition compared to
shade condition. Seed yield (1307 kg ha'), stover yield
(4391 kg ha'!), biological yield (5699 kg ha') and harvest
index (22.9%), noted were higher in open condition as
compared to shade environmental condition. This might
possibly due to more availability of solar energy to plants for

photosynthesis thereby accumulation of carbon. Moreover,
higher values of'yield and harvest index were observed in
open environment in comparison to neem shade condition
inall varieties. This show proper synthesis and distribution
of accumulated dry matter or carbon partitioning towards
developing sink i.e. higher harvest index noted in open
condition Heat stress during the post anthesis seed™' filling
negatively influences the movement of photosynthates to
the developing sinks and inhibits the synthetic processes,
thus causes lower seed weight, seed yield and may alter seed
quality (Kumari et al., 2004).

Growing degree days (GDD)

The accumulated thermal units required for mustard
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Fig. 3: Box plots show that variability of environmental conditions on seed yield, stover yield and biological yield of mustard

Table 7: Effect of varieties and environmental condition on pheno-thermal index (PTI) of different phonological stage of

mustard

Treatment Emergence Development Inflorescences Flowering Development Physiological  Harvesting
ofleaf emergence of Fruit maturity maturity

A. Varieties

i. RGN-73 92.1 18.8 11.3 24.3 9.4 11.1 22.3

ii. RGN-229 92.1 19.0 11.3 24.2 8.9 10.8 18.6

iii. RH-30 73.2 18.7 11.7 24.0 10.8 9.7 30.5

iv. Pusa bold 77.3 16.9 12.7 28.4 9.9 11.4 40.9

C.D.(p=0.05) NS NS 0.6 NS 0.6 0.7 7.6

B. Environment conditions

i. Open 95.4 18.2 11.9 26.0 9.6 11.0 26.2

ii. Shade (Neem) 72.0 18.5 11.6 24.7 9.9 10.5 30.0

C.D.(p=0.05) 21.6 NS NS NS NS 0.5 NS

crop to attain different phenophases varied with varieties
and environment condition. Among the varieties, crop
emergence and inflorescence emergence non-significant
variation was observed inrespect of consuming degree days
(Table 6). Among the varieties in Pusa bold at leaf
development stage (318.2 °C days) was significantly more
consumed degree days compared to RGN-73 (286.1 °C-

days) and RGN-229 (286.1°C-days) but at par with RH-30
(298.5 °C-days). GDD statisticallyon par among RGN-229
and RGN-73 were significantly more than varieties, RH-30
and Pusa bold both at flowering and fruit development
stage. Physiological maturity (1761.2 °C-days) and
harvesting maturity (1998 °C-days) were consumed more
degree days in RGN-229 compared to other varieties. This
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might be due to genotypes characteristics and long duration
of'the variety. The varietal differences in mustard for phasic
duration and thermal units were also reported by Goswami
etal.,(2003), Khushu et al., (2008) and Tharranum et al.,
(2016). The shade condition was statistical significant require
more degree days at all the phonological stage likes that
emergence (62.9 °C-days), inflorescences emergence (680.8
°C-days), flowering (862.1 °C-days), fruit development
(1308.6 °C-days), physiological maturity (1727.9 °C-days)
and harvesting maturity (1894.4 °C-days) compared to
open condition. It might be due to initial lower while,
increase with duration of crop which increased the thermal
efficiency. Similar results were also reported by (Gupta et al.,
2017).

Heat use efficiency (HUE)

Heat use efficiency was found to be higher in variety
RGN-73 at seed (4.2 kg ha' °C-days™), stover (15.5 kg ha
' °C-days™) and biological yield (19.7 kg ha' °C-days™)
followed by RGN-229, Pusabold and RH-30 (Table 5). Heat
use efficiencyin open environmental condition treatment at
seed (4.4 kg ha! °C-days™), stover (kg ha'! °C-days™) and
biological yield (19.3 kg ha'°C-days™) were significantly
greater than neem shade environmental condition because
heat use efficiency depended on biomass production and
production increased with increase of heat use efficiency
(Ahatsham et al., 2018), which is a measure of amount of dry
matter production per unit of thermal unit, worked out as per
procedures reported by Sahu et al., (2007). HUE increased
from vegetative growth to reproductive growth stages;
however, itdecreased slightly at physiological maturity of
the crop (Gupta et al.,2017; Lal et al.,2017). Irrespective
of growing environments, the increase in HUE was maximum
during reproductive phase. Varietal difference for HUE was
also found at all growth stages of crop growth. Pusa Jai Kisan
variety of mustard recorded higher value of HUE at all
growth stages followed by Pusa Bold and Varuna (Tyagi,
2017).

Pheno thermal index (PTI)

Inflorescence emergence was significantly superior
in Pusa bold (12.7) compared to other varieties (Table 7).
The fruit development was better in variety RH-30 (10.8)
than other variety. The physiological maturity and harvesting
maturity were higher under Pusa bold variety. Similar results
on PTI were supported by Prasanta, 2005. Under open
environmental condition, statistical significance was
observed for emergence (95.4) and physiological maturity
but non-significant for leaf development, inflorescences

June 2020

emergence, flowering, fruit development, and harvesting
maturity. PTI gradually decreased from emergence to later
phenological stages of crop, being highest at emergence
and lowest at most seeds brown stage; however, the values
of PTTatemergence stage indicating a decrease indaily heat
consumption towards maturity (Gupta et al., 2017). This
might be due to gradual decrease in day and night
temperature, which resulted in decrease in PTI of that
phenophase as the sowing was delayed (Neog et al., 2008).

CONCLUSION

It was concluded that, Varity RGN-73 recorded
highest seed, stove and biological yield followed by RGN-
229,RH-30 and Pusa bold. The days taken from planting to
harvesting took maximum calendar days and more growing
degree days for variety RGN-229 and shade environmental
condition. The heat use efficiency and photo-thermal index
were better in RGN-73 variety and partial shade environment
condition.
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