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Abstract

Optimization of planting dates under any climatic conditions is pre-requisite to improve the yield and quality of the major and
minor crops. This study was conducted to evaluate the potential of various mungbean cultivars for morpho-physiological and
yield traits under different planting dates. In this pot study twenty mungbean cultivars (MGP-17, DM-D4, C5/95-3-31, C6/95-
3-8, 5-63-94, TM-1407, MGP-01, NM-11, MGP-41, 5-63-1, MGP-16, NM20-21, MUNG-88, NM-121-25, RAMZAN, NM-
2016, NM-19-19, 1099, NM-51 and NM13-1) were planted on July 01 and August 01. Results revealed that various planting
dates significantly affected all the attributes, however, genotypic variation was observed among the cultivars. Delayed planting
reduced the stand establishment attributes as mean germination time (1.90%), germination index (3.10%), final germination
percentage (7.34%), seedling growth including shoot length (14.88%), root length (23.31%), number of leaves (23.04%), leaf
area (5.74%) and number of nodules (13.02%). Likely, gas exchange traits including photosynthetic rate (15.71%),
transpiration rate (17.09%), sub-stomatal CO, concentration (2.39%), stomatal conductance (30.56%), SPAD chlorophyll
contents (7.42%) and water use efficiency (3.28%) were also reduced. Among morphological traits, various planting dates also
reduced the number of pods per plant (5.04%), length of the pod (5.69%), number of grains per pod (28.68%) and 1000-grains
weight (7.05%). Differential responses of all the mungbean cultivars were observed for all the pragmatic traits. Delayed
planting significantly reduced the morpho-physiological and yield attributes of all mungbean cultivars. However, two
mungbean cultivars (NM-121-25 and NM-2016) relatively performed better with minimum reductions in growth, yield and
physiological attributes even in delayed planting while the DM-D4 and TM-1407 were found to be the most sensitive in
delayed planting than other tested cultivars. Therefore, mungbean cultivars NM-121-25 and NM-2016 can be sown in late
sown conditions to get higher yield. © 2021 Friends Science Publishers
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mungbean. Similarly, Sadeghipour (2008) and Miah et al.

(2009) stated that too early sowing may result in poor
germination and poor plant stands, while yield from very

Introduction

Mungbean (Vigna radiata L.) is an important annual,

herbaceous and leguminous primordial plant belongs to
family Fabaceae grown as a spring and summer crop in
tropical and subtropical areas of the world (Miklas and
Singh 2007; Chauhan et al. 2010). The genus Vigna has
been extended to include about 150 species; among which
22 are native to India and 16 to Southeast Asia and
remaining species are originated in Africa (Aditya and
Jitendra 2011). India is the primary gene center of diversity
and probable center of domestication of mungbean (Nassar
2003).

Potential yield of mungbean can be achieved through
optimum use of inputs and agronomic practices. Besides
other inputs, planting dates and improved cultivars are of
primary importance (Ali and Gupta 2012). Singh et al.
(2010) suggested that planting date is the most important
non-monetary input to obtain optimum yield from

late sown crop may be low due to unfavorable agro-climatic
conditions for the growth and development of mungbean.
Selection of superior genotypes possessing better
heritability and genetic advance for various traits is the pre-
requisite  for achieving the maximum mungbean
productivity. The yield can be increased to a greater extent
by identifying high yielding cultivars and suitable planting
date (Singh et al. 2010; Ali and Gupta 2012; (Hussain et al.
2012a, b).). Similarly, Naveed et al. (2015) indicated that
optimum planting date is an important factor for achieving
improved mungbean production in different agro-ecological
zones of the world. In Pakistan the mostly the farmers of
rainfed areas cultivate the mungbean for achieving the
maximum yield. A good number of high yielding mungbean
cultivars are available now in Pakistan but, farmers
generally grow the local cultivars using minimum nutrients

To cite this paper: Mannan A, MB Chattha, M Sarwar (2021). Morpho-physiological response and production potential of promising mungbean cultivars

under varying planting dates. Intl J Agric Biol 25:742-750


mailto:manich65@gmail.com

Planting Time and Productivity of Mungbean Cultivars / Intl J Agric Biol, Vol 25, No 3, 2021

application and they rarely maintain the optimum planting
time. Moreover, due to low income per unit of resources
invested farmers are losing interest in producing mungbean.
Therefore, attention should be given to increasing yield
through selection of suitable cultivars and adoption of
improved cultural practices for establishing mungbean as a
profitable crop.

Delayed planting reduced the number of pods per
plant and test weight of mungbean. The denaturation and/or
aggregation of proteins with concomitant increase in fluidity
of cell membrane lipids are the direct harms caused by
temperature due to delayed planting (Howarth 2005).
Although, interaction of planting time and mungbean
cultivars has already been documented, however
information regarding germination, seedling growth
including physiological and yield attributes of available
mungbean cultivar(s) at various planting time need to be
explored. Therefore, this study was conducted with the
hypothesis that delayed planting had negative effect on
germination, growth, gas exchange traits and yield related
traits of mungbean; however, the different cultivars might
behave differently due to their divergent genetic makeup.

Materials and Methods
Experimental site and climate

This wire house study was executed at experimental area of
Institute of Agricultural Sciences, University of the Punjab,
Lahore, Pakistan. The experimental site is in subtropical
climate region, with mean temperatures ranging from 6°C to
30°C in winter and from 27°C to 45°C in summer. The
average annual rainfall is around 300 mm, half of which is
recorded between July and August as monsoons; and the
weather data during the growth period is given in Fig. 1.

Experimental Details

Seeds of 20 mungbean cultivars (MGP-17, DM-D4, C5/95-
3-31, C6/95-3-8, 5-63-94, TM-1407, MGP-01, NM-11,
MGP-41, 5-63-1, MGP-16, NM20-21, MUNG-88, NM-
121-25, RAMZAN, NM-2016, NM-19-19, 1099, NM-51
and NM13-1) were collected from Plant Genetic Resource
Institute (PGRI), National Agricultural Research Centre
(NARC), Islamabad, Pakistan. Twenty above mentioned
mungbean cultivars were sown on July 01 and on August
01, 2017. This experiment was planned in completely
randomized design (CRD) with factorial arrangement with
three replications.

Crop management

The planned trial was conducted in 9 L pots having
dimensions (45 cm x 30 cm diameter) allocating three pots
for each treatment. Each pot was filled with 7 kg sand as
growth media. The crop was sown on 1% July and 1%
August, 2017 using ten seeds per pot. After seed

germination, five seedlings of equal size were maintained
per pot. Plants were fed with essential nutrients by
supplying Hoagland’s nutrient solution (full strength) after
germination. After 10 days nutrient solution was changed
and was continued until maturity. Irrigation was applied as
per requirement of crop and hand weeding was done to
avoid weed crop competation. Mature crop was harvested
on Oct 12 and Nov 15, 2017.

Observations, Measurements and Data Analysis

Stand Establishement: Data for the stand establishment
was calculated and the seedlings were counted daily after
emergence to determine stand establishment traits by using
Handbook AOSA (1990).

The mean emergence time was computed by using the
formula given by Ellis and Robert (1981);

zDn

Mean emergence time = Sn
n

Where, n = Seedlings emerged on day D; D = Days from
initiation of the emergence.

Germination index was determined using the formula
of Association of Official Seed Analyst (1990).

No. of emerged seedlings No. of emerged seedlings

Emergence index =

day of first count day of final count

While the emergence percentage of final count was
computed as a ratio of the seedlings emerged to the total
seeds sown and expressed in percentage.

Growth attributes

At the end of experiment, 90 days after sowing (DAS) the
shoot length and root length of selected plants was measured
using measuring scale and expressed in cm. Shoot fresh
weight and root fresh weight of selected plants was weighed
with electric weighing balance after separating roots and
shoots then expressed in gram (g). While for the dry weights
shoots and roots of all selected plants were dried in oven at
70°C, expressed in grams (g). Leaves of the selected
mungbean plants were counted from each pot and the
average was taken. Leaves of three selected plant from all
replications were detached and the leaf area was determined
with digital leaf area meter. After pulling out the selected
plants from the sand, number of nodules were counted and
then averaged.

Physiological attributes

Stomatal conductance (gs), sub-stomatal CO, concentration
(Ci), photosynthetic rate (A), transpiration rate (E) and leaf
temperature was measured on the 45 DAS on fully
expanded upper most leaves with portable photosynthesis
system (Infra-Red Gas Analyzer) at light saturating intensity
between 9:00am to 12:00 noon while water use efficiency
was calculated by applying the formula (A/E), while the
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Fig. 1: Weather data during the crop growth cycle

Table 1: Effect of planting dates on germination attributes of
mungbean cultivars

Maxiumum Temperature (°C)

September

Months

Treatments MGT (Days) Gl FGP (%)
Planting dates (PD)

July 01 525A 420A B8L78A
August 01 515B 407B 75.78B
HSD value at p<0.01 0.02 0.10 0.03
Mungbean cultivars (C)

MGP-17 5.37GH 4,01 79.98 E
DM-D4 4.56 Q 2.48 71.99 L
C5/95-3-31 4.78 MN 2.82 73.99J
C6/95-3-8 471 NO 2.68 73.99J
5-63-94 4.66 OP 2,57 7298 K
TM-1407 4.61 PQ 2.39 71.99 L
MGP-01 5.30 HI 3.88 78.98 F
NM-11 5.45 FG 4.16 79.99 E
MGP-41 526 1J 3.74 78.98 F
5-63-1 4.85 LM 2.93 75.92 1
MGP-16 522 1) 3.63 77.96 G
NM20-21 552 EF 4.30 81.97D
MUNG-88 492L 3.05 75.99 |
NM-121-25 5.83A 4.89 87.00 A
RAMZAN 5.17JK 3.48 76.99 H
NM-2016 5.78 AB 4.73 86.99 A
NM-19-19 5.70 BC 4.69 84.98 B
1099 510K 3.23 76.98 H
NM-51 5.64 CD 4.55 84.02C
NM13-1 5.57 DE 4.43 84.01C
HSD value at p< 0.01 0.09 0.09 0.20
Significance Level (PD) o faad faad
Significance Level (C) o NS faad
Significance Level (PD x C) NS NS NS

Means following same letters, within a column, are not statistically different from each other
at p< 0.01 according to HSD test

MGT= Mean germination time; Gl= Germination index; FGP= Final germination percentage;
NS= non-significant; **= significant at p< 0.01

SPAD chlorophyll values were measured by SPAD 502
Plus Chlorophyll Meter.

Yield attributes

All the yield attributes such as pods per plant, length of pod,
grains per pod and 1000 grains weight were measured by
taking three randomly selected plants of each pot following
the protocols of Haider et al. (2020).

MMean Temperature (°C)

B Rainfall (mm)

October November

Statistical analysis

Data were analysed using software Statistix 8.1 (Analytical
Computer Software, Statistix 8.1; Tallahassee, F.L., U.S.A,,
1985-2003) following two-way ANOVA under CRD with
factorial arrangement. In case of significance, Highest
Significance Difference (HSD) test at 1% probability level
was used to seprate treatments means (Steel et al. 1997).

Results
Germination and seedling growth attributes

Various planting dates and mungbean cultivars showed
significant variation (p<0.01) for mean germination time,
germination index and final germination percentage (Table
1). Both the factors exhibited significant results except for
cultivars in germination index, while the interactive effect of
PD x C was non-significant for germination attributes. For
planting dates, reduction in mean germination time (1.94%),
germination index (3.09%) and final germination percentage
(7.33%) was observed when mungbean cultivars were sown
on 1% July as compared to August sowing. Among
mungbean cultivars, maximum mean germination time
(5.83 days) and final germination percentage (87.00%) was
observed in NM-121-25 followed by in NM-2016 and NM-
19-19 which are statistically similar with each other. While
minimum mean germination time (4.61 days) and final
germination percentage (71.99) was observed in TM-1407.
Planting dates and mungbean cultivars had significant
variation (p<0.01) for seedling growth attributes (Table 2)
except for number of leaves for planting dates effects and
number of nodules for mungbean cultivars had non-
significant effects. However, the interactions for all the
growth attributes were non-significant. Delayed planting (1%
August) significantly impaired the growth of entire mung
bean cultivars. Reduction in shoot length (14.87%), root
length (23.31%), number of leaves (23.04%), shoot dry
weight (8.58%), root dry weight (13.22%) and leaf area
(5.74%) was observed when mungbean cultivars were sown
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Table 2: Effect of planting dates on growth attributes of mungbean cultivars

Treatments Shoot length  Root length  Number of leaves Shoot DW (g Root DW (g Number of nodules LA (cm?
(cm) (cm) plant™® plant™) plant™) plant™ plant™)
Planting dates (PD)
July 01 51.76 A 3174 A 8.68 A 6.41A 242 A 7.68 131.26 A
August 01 44.06 B 24.34B 6.68 B 5.86 B 210B 6.68 123.72B
HSD value at p< 0.01 0.17 0.16 1.30 0.01 0.01 NS 0.01
Mungbean cultivars (C)
MGP-17 49.71 GH 29.66 GH 8.66 6.47H 250E 6.83 AB 134.68 G
DM-D4 41.95R 21.93QR  4.66 481R 1.64N 4.16 AB 106.05 R
C5/95-3-31 44.48 OP 2456 O 6.33 5340 1.80 KL 5.83 AB 112.47 0
C6/95-3-8 43.55 PQ 2266 OP  7.33 5.18P 1.75 LM 5.16 AB 11061 P
5-63-94 4291 QR 22.73PQ  7.00 493Q 1.69 MN 3.50AB 107.73Q
TM-1407 40.58 S 21.03R 5.33 461S 1550 2.83B 102.90 S
MGP-01 49.01 HI 30.96 HI 8.33 6.341 2.38F 8.16 AB 131.79 H
NM-11 50.28 FG 3046 FG  9.00 6.57G 2.63D 7.83 AB 13691 F
MGP-41 48.35 1) 28.33 1] 6.33 6.23J 224G 7.50 AB 129.791
5-63-1 4511 KL 2556 N 6.66 557N 1.84 JK 7.83 AB 115.56 N
MGP-16 47.58 JK 27.70 JK 6.33 6.151 2.18G 6.50 AB 126.9517
NM20-21 50.91 EF 3113 EF 9.33 6.72F 2.68D 8.83 AB 139.70 E
MUNG-88 4578 MN 26.03MN  6.66 571 M 1.90 13 5.83 AB 118.77 M
NM-121-25 54.28 A 34.46 A 11.00 757 A 298 A 11.16 A 148.31 A
RAMZAN 47.11 KL 27.00 JK 6.66 6.02 K 2.04H 5.50 AB 12411 K
NM-2016 53.68 AB 3370 AB  11.00 747B 2.94 AB 10.83 A 148.24 A
NM-19-19 52.98 BC 3313BC  10.33 7.24C 2.89 AB 9.50 AB 146.99 B
1099 46.35 LM 26.60 LM  6.66 587L 1.95 HI 7.16 AB 12049 L
NM-51 52.25CD 3236CD 833 7.09D 2.85BC 9.83 AB 14458 C
NM13-1 51.38 DE 31.13 73 DE 7.66 6.89 E 279C 8.83 AB 143.20 D
HSD value at p< 0.01 1.01 0.94 NS 0.09 0.09 7.89 0.08
Significance Level (PD)  ** folad ol ol okl NS ol
Significance Level (C) ** ** NS ** ** ** **
Significance Level (PD x NS NS NS NS NS NS NS
)

Means following same letters, within a column, are not statistically different from each other at p< 0.01 according to HSD test

DW = Dry weight; LA = Leaf area

in the month of August. For mungbean cultivars, maximum
shoot length (54.28 cm), root length (34.46 cm), shoot dry
weight (7.57 g), root dry weight (2.98 g), leaf area (148.31
cm?) and number of nodules (11.16) was observed in NM-
121-25 followed by in NM-2016 and NM-19-19
respectively. While minimum shoot length (40.58 cm), root
length (21.03 cm), shoot dry weight (4.61 g), root dry
weight (1.55 @), leaf area (102.90 cm?) and number of
nodules (2.83) was noticed in TM-1407 (40.58 cm) (Table
2).

Gas exchange attributes and SPAD-chlorophyll values

Different planting dates and mungbean cultivars showed
significant variation (p<0.01) for gas exchange attributes,
leaf temperature, water use efficiency and SPAD
chlorophyll values (Table 3). Interestingly, the interactive
effects were non-significant for all the attributes except the
SPAD chlorophyll values. Reduction in photosynthetic rate
(15.71%), transpiration rate (17.09%), sub-stomatal CO,
concentration (2.38%), stomatal conductance to water
(30.55%), water use efficiency (3.28%), SPAD chlorophyll
contents (7.42%) and increase in leaf temperature (6.76%)
was observed in when mungbean cultivars were sown in the
month of August. For mungbean cultivars maximum
photosynthetic rate (37.65 umol mm™?s™), transpiration rate

(1.30 mmol m?s™), sub-stomatal CO, concentration (312.21
vpm), stomatal conductance to water (0.41 mmol m? s™),
leaf temperature (38.45°C) in DM-D4, water use efficiency
(3.91 kg/ha mm™) and SPAD chlorophyll contents (43.94)
was observed in NM-121-25 followed by in NM-2016 and
NM-19-19 respectively. While minimum photosynthetic
rate (30.45 pmol mm™s™), transpiration rate (0.84 mmol m™
s™1), sub-stomatal CO, concentration (237.12 vpm), stomatal
conductance to water (0.21 mmol m?s™), leaf temperature
(35.00°C) in NM-121-25, water use efficiency (1.90 kg/ha
mm™) and SPAD chlorophyll contents (29.96) was noticed
in TM-1407 (30.45 pmol mm? s%). While about the
interactive effect of PD x C maximum SPAD chlorophyll
contents (58.35) were observed in NM-121-25 followed by
in NM-2016 (58.00) was observed in PD; when mungbean
cultivars were sown on 1% July, while minimum SPAD
chlorophyll contents were noticed in PD, (49.18) where
mungbean cultivars (TM-1407) were sown on 1% August

(Fig. 2).

Yield attributes

Both the factors planting dates and mungbean cultivars
exhibited statistically significant effects for morphological

attributes except for mungbean cultivars in grains per pod
and pods per plant for sowing dates while the interactive
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Table 3: Effect of planting dates on physiological attributes of mungbean cultivars

Treatments PR TR Ci SCW LT WUE SPAD
(umol mm?s?)  (mmolm?s?)  (vpm) (mmol mm?s?)  (°C) (kgha*mm?®) CC
Planting dates (PD)
July 01 35.77A 117 A 27167A 036A 38.45B 274 A 37.73A
August 01 30.15B 0.97B 265.18B 0.25B 41.05 A 2.65B 34.93B
HSD value at p< 0.01 0.01 0.01 0.01 0.01 1.29 0.01 0.01
Mungbean cultivars (C)
MGP-17 3352 H 1.10 D-F 280.30H 0.32B-E 40.83 A-C  2.83H 36.94H
DM-D4 30.63S 0.88 KL 23964S 022G 4383 A 1.95PQ 30.12R
C5/95-3-31 31.23P 0.97 H-J 24412P 023G 40.16 AB 213 MN 32740
C6/95-3-8 31.00Q 0.94 I-K 24225Q 0.22G 39.83 A-C  2.06 NO 32.60P
5-63-94 30.84R 0.91J-L 24036 R 0.21G 4316 AB  2.000P 30.38Q
TM-1407 3045T 0.84L 237.12T 021G 4316 AB  1.90Q 29.96 S
MGP-01 32.96 | 1.07 E-G 271381 034 A-D 40.50 A-C 2701 36.60 |
NM-11 33.85G 114 C-E 282.03G 0.34A-D 40.83A-C 295G 37.37G
MGP-41 32.63J 1.06 E-G 266.34J 0.32B-E 40.83 A-C 2571 35.41)
5-63-1 31400 1.00 G-J 245500 0.23FG 4283AB 221M 32800
MGP-16 3219 K 1.04 F-H 26156 K 0.31B-E 4150 A-C  2.50JK 35.10 K
NM20-21 34.00 F 116 CD 28451F 0.35A-C 3950 A-C  3.11F 40.23 F
MUNG-88 31.58 N 1.02 F-1 24895N 0.25E-G 36.16 BC 221 M 32.99N
NM-121-25 37.65 A 130A 31221 A 041A 35.00C 391A 43.94 A
RAMZAN 3191L 1.01 G-I 257.28L 0.30C-F 36.66 A-C 242K 34.60 L
NM-2016 36.86 B 1.27 AB 309.53B 0.39 AB 36.50A-C 3.77B 43.79B
NM-19-19 3591C 1.25 AB 30442C 0.36A-C 36.83A-C 366C 43.60C
1099 3178 M 0.99 G-J 25326 M 0.27D-G 39.83A-C 232L 3321 M
NM-51 34.57D 1.21BC 296.58D 0.36 A-C 38.83A-C 345D 42.34D
NM13-1 3457E 1.19BC 291.15E 0.35A-C 3816 A-C 3.30E 4197 E
HSD value at p< 0.01 0.07 0.08 0.08 0.07 7.52 0.08 0.08
Significance Level (PD) ** ** ** ** ** ** **
Significance Level (C) ** ** ** i i i **
Significance Level (PD x C) NS NS NS NS NS NS **

Means following same letters, within a column, are not statistically different from each other at p< 0.01 according to HSD test
PR = Photosynthetic rate; TR = Transpiration rate; Ci = Sub-stomatal CO, concentration; SCW = Stomatal conductance to water; LT = Leaf temperature; WUE = Water

use efficiency; SPAD CC = SPAD chlorophyll contents
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Fig. 2: Interactive effect of planting time and mungbean cultivars on SPAD chlorophyll contents of mungbean

Optimum sowing= July 01; Late sowing= August 01

effect of PD x C also had non-significant response for all mungbean cultivars maximum number of pods per plant
yield attributes except for the 1000-grains weight. (25.83), pod length (11.58 cm) and 1000 grains weight
Reduction in pod length (6.03%), grains per pod (28.80%) (56.47 g) were observed in NM-121-25 followed by in NM-
and 1000 grains weight (7.56%) was observed in when 2016 and NM-19-19. While minimum number of pods per
mungbean cultivars were sown in the month of August. For plant (10.16), pod length (5.81 cm) and 1000 grains weight
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Fig. 3: Interactive effect of planting dates and mungbean cultivars on 1000-grains weight (g) of mungbean

Optimum sowing= July 01; Late sowing= August 01

(4730 g) were noticed in TM-1407. Among the
interactions, maximum 1000 grains weight was observed in
NM-121-25 followed by in NM-2016 was observed in PD;
when mungbean cultivars were sown on 1% July, while
minimum 1000 grains weight was noticed in PD, where
mungbean cultivars (TM-1407) were sown on 1% August

(Fig. 3).
Discussion

Selection of superior parents is a prerequisite for any yield
improvement program (Ahmad et al. 2008). Planting time, a
non-monetary input, is the single most important factor to
obtain optimum yield from mungbean (Sadeghipour 2008;
Sarwar et al. 2019). So, determination of optimum planting
time for mungbean is inevitable. Best time of planting of
mungbean may vary from variety to variety and season to
season due to variation in agroecological conditions
(Ramakrishna et al. 2000; Reddy 2009). Delayed sowing
reduces yield of summer mungbean (Palsaniya et al. 2016;
Khanum et al. 2019). It was also described earlier that
different genotypes may revealed significant variation under
various environmental conditions and results of the current
research are parallel with previous findings (Abdelmageed
and Gruda 2009).

In this study, result showed that late planting had an
adverse effect on the germination and growth attributes of
mungbean including mean germination time, germination
index, final germination percentage (Table 1), root and
shoot length, shoot and root dry weight, leaf area per plant,
number of leaves per plant as compared to optimum
planting time (Table 2). Similar confirmation of findings
had been reported in field crops and vegetables under
control environmental conditions (Ashraf and Harris 2013).

At environmental conditions, number of genotypes did not
show positive growth response compared to others (Ali et
al. 2014; Campbell et al. 2019). With vigorous growth
under variable environmental conditions, tolerant genotypes
showed their ability to withstand under variation in
environmental conditions due to delayed planting compared
to sensitive ones with significantly less growth reduction
(Vorasoot et al. 2003; Thakur et al. 2010). Observations of
this study, illustrated that some of the genotypes studied did
not gave satisfactory growth comparable to the rest.

It has been examined in present screening experiment
that delayed planting of mungbean genotypes showed
reasonable growth index, while some of them gave poor
performance as demonstrated by other researchers (Naika et
al. 2005). There were significant differences among growth
variables. Those genotypes which reveal vigorous growth
than others signified their capacity to tolerate the adverse
environmental conditions. Similar findings were also
noticed in a study where genetic characterization of
mungbean genotypes against variation in the atmospheric
conditions was done (Uddin et al. 2014). In present
research, leaf number was considered as positive variable
which specifies that the genotypes possessed a greater
number of leaves under delayed planting revealed higher
photosynthetic rate and hence increased growth rate with
variation in the ambient temperature (Hussain et al. 2007;
Asseng et al. 2011; Gezer 2018). Phurailatpam et al. (2007)
also reported similar growth pattern of mungbean and
urdbean genotypes under the delayed or advanced planting.

In all green plants the most fundamental and
complicated physiological process is photosynthesis and all
of its components are sensitive to stress conditions such as
photosynthetic pigments, electron transport chain, carbon
dioxide reduction pathways and photosystems; any type of
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Table 4: Effect of planting dates on yield attributes of mungbean cultivars

Treatments Number of pods per plant™ Pod length (cm) Number of grains per pod 1000-grain weight (g)
Planting dates (PD)

July 01 19.83 8.79 A 10.46 A 5321 A
August 01 18.83 8.29B 7.46B 49.46 B
HSD value at p<0.01 NS 1.33 1.33 0.01
Mungbean cultivars (C)

MGP-17 22.83A-C 9.18 D-F 7.83 51.73H
DM-D4 12.16 EF 6.08 NO 8.33 4748 S
C5/95-3-31 15.83 C-F 6.91 K-M 7.83 48.12 P
C6/95-3-8 14.50 D-F 6.61 L-N 7.50 4794 Q
5-63-94 12.83 EF 6.28 M-O 9.16 4781 R
TM-1407 10.16 F 5810 7.83 4730T
MGP-01 21.83 A-D 8.81E-G 9.16 51.56 |
NM-11 24.50 AB 9.38 DE 6.50 51.94G
MGP-41 19.83 A-E 8.58 F-H 8.50 51.37J
5-63-1 15.83 C-F 7.18J-L 8.16 48340
MGP-16 18.16 A-E 8.38 GH 8.33 50.88 K
NM20-21 23.83 AB 9.81CD 10.50 53.83 F
MUNG-88 16.83 B-F 7.48 I-K 8.50 48.61 N
NM-121-25 25.83 A 11.58 A 11.16 56.47 A
RAMZAN 16.83 B-F 8.15 G-I 9.83 50.78 L
NM-2016 2550 A 11.28 A 11.16 56.12 B
NM-19-19 24.16 AB 10.81 AB 10.16 55.81C
1099 19.16 A-E 7.81H-J 7.83 50.43 M
NM-51 22.16 A-D 10.48 BC 10.83 55.54 D
NM13-1 23.83 AB 10.18 BC 9.16 54.70 E
HSD value at p< 0.01 7.71 0.77 NS 0.07
Significance Level (PD) faad ol folad faad
Significance Level (C) NS ** NS **
Significance Level (PD x C) NS NS NS **

Means following same letters, within a column, are not statistically different from each other at p< 0.01 according to HSD test

stress at any stage of life affects overall photosynthetic
efficiency of green plants (Ashraf and Harris 2013; Sharma
et al. 2019). Current study revealed that late sown cultivars
had an adverse effect on the physiological attributes of
mungbean as compared to optimum planting due to
variation in the ambient temperature (Fig 1; Table 3).
Higher chlorophyll contents values indicate greater
photosynthetic ability of plants. It was seen that chlorophyll
contents of mungbean genotypes revealed a significant
variation with leaf surface temperature, these results showed
are in accordance with previous reports (Guilioni et al.
2003). These results are in conformity with those of Kaleem
et al. (2009) who found that different temperatures affect
photosynthetic rate differently, that is, photosynthetic rate
increased with increase in temperature. Similarly, Baydar
and Erbas (2005) concluded that low temperature is one of
the limiting factors that adversely affect photosynthesis
which is sensitive to cold stress. Similarly, Grulke et al.
(2004) who found that the magnitude of stomatal
conductance varies temporally with leaves age, from pre-
reproductive to reproductive stage leaf age caused a decline
in stomatal conductance in sunflower. These results are also
in accordance with those of Orta et al. (2002) who
concluded that, as percent soil water decreased, crop water
stress index increased causing decrease in stomatal
conductance. Baydar and Erbas (2005) concluded that low
temperature is one of the limiting factors that adversely
affect crop hydraulic and physiological processes i.e.
stomatal conductance, sub-stomatal CO, concentration,

photosynthetic rate, transpiration rate and water use
efficiency. These results are in conformity with those of
Bunce (2007) who concluded that hydraulic conductance in
plants is affected by environmental factors. In the past
studies, it has been reported that in rice seedlings there was
greater biomass production due to high water use efficiency
and reduced transpiration rate, ultimately higher
photosynthetic rate (Karaba et al. 2007). In present study the
genotypes with higher transpiration rate showed less water
use efficiency (Table 3). However, some genotypes exhibit
less transpiration and greater water use efficiency resultantly
higher photosynthetic rate and biomass production and
withstand under delayed planting conditions.

Leaf temperature is an important parameter in
physiological life of crop plants. It directly affects
photosynthesis and water use efficiency; ultimately controls
all growth stages (Brooks and Farquhar 1985; Lohani et al.
2020). In this experiment genotypes varied significantly in
leaf temperature. Beyond the optimum limit leaf
temperature  (optimum  planting time) inhibits the
photosynthetic rate by stimulating photorespiration and
cause damages to photosynthetic apparatus (Schrader et al.
2004; Rasmusson et al. 2020). Rubisco activity is reduced at
moderate elevation in leaf temperature resultantly reduce
photosynthetic rate (Salvucci et al. 2001; Wi et al. 2020).
All these studies showed that photosynthesis and water use
efficiency are leaf temperature dependent attributes.

In the present studies, result showed that late sown had
an adverse effect on the yield attributes of mungbean as
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compared to optimum planting time (Table 4). Soomro
(2003) reported that delay in sowing causes a substantial
decrease in all the growth and development parameters of
mungbean. The highest seed yield obtained from optimum
planting might be due to suitable temperature prevailing
accompanied by higher soil moisture content due to
sufficient rainfall, which enhanced the vegetative as well as
reproductive growth of the crop. Relatively higher grain
yield from optimum sowing was probably due to higher
grain yield plant™ and its attributes with number of pods
plant®, grains pod™and test weight (Singh et al. 2010;
Khanum et al. 2019). Differential response of different
varieties was also observed by Singh et al. (2010) and
Sadeghipour (2008). For obtaining higher mungbean grain
yield, not only vegetative growth and development but
efficient utilization of photosynthates towards economic
sink enlargement is also important (Reddy 2009; Singh et
al. 2010; Khanum et al. 2019). Response to normal planting
date also revealed significantly higher accumulation of total
dry matter (g plant™) in normal sowing than late sowing and
this might have resulted in production of higher biological
yield in normal planting date (Ramakrishna et al. 2000;
Reddy 2009; Khanum et al. 2019).

Conclusion

In crux, delayed planting significantly reduced the
germination, growth, physiological and yield attributes of
mungbean cultivars; though the cultivars differ in their
response. Overall NM-121-25 and NM-2016 performed
better as compared to rest of mungbean cultivars, and DM-
D4 and TM-1407 cultivars performed poorly. Mungbean
cultivars NM-121-25 and NM-2016 can be sown in late
sown conditions to get higher yield.
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