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AGROCLIMATIC INDICES, PHENOLOGY AND GROWTH RESPONSE OF
CLUSTERBEAN TO DIFFERENT DATES OF SOWING AND VARIETIES

ABSTRACT

A field experiment was performed to study the effect of different sowing times and varieties on
agroclimatic indices, phenology and growth of clusterbean at CCS Haryana Agricultural University, Hisar
(Haryana). Experiment was laid out in factorial randomized block design with three replications.
Treatments consists of two factors i.e. sowing time and varieties. Three clusterbean varieties i.e. HG 365
(V1), HG 563 (V2) and HG 2-20 (V3) with each sown at three different dates of sowing i.e first (D1),
third (D2) and fourth (D3) week of July.Clusterbean variety HG 563(V2), sown in first week of July (D1)
resulted in significantly higher accumulation of agroclimatic indices i.e. growing degree days, photo
thermal units, heliothermal units and heat use efficiency because the early sown crop had a fully
developed normal reproductive phase and took longer time to attain maturity.Similarly, more number of
days were taken for emergence, days to 50 % flowering, days to 50 % pod formation and days to maturity
in variety HG 563, sown in first week of July. Significantly higher leaf area index and dry matter
accumulation were observedin HG 563 sown on 1% week of July than rest of the varieties and date of

sowings.
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Introduction

The cluster bean is a major vegetable crop belonging to the Fabaceae group. It has a lot of
African wild relatives, which suggests that it was probably evolved in this region(Bhatt et al., 2016). It is
usually grown for its seed and green fodder purposes and also used in various industrial sectors such as
textiles, paper, mining, and oil well drilling (Sharma et al., 2018).In India, the cluster bean is cultivated
under a rain-fed condition since the ancient times. It is the largest producer of this crop in the world,
accounting for over 80% of the global production. It is grown in regions with annual precipitation of 250
to 1,000 mm, and most of the seed production takes place in areas with less than 800 mm of rainfall.
Although guar doesn't tolerate waterlogging, it can tolerate dry periods. High humidity can affect the

development and fertilization of the pod, as well as the seed quality (Thombareet. al., 2016).

With a total seed output of 2.42 million tonnes and an average productivity of 567 kg/ha, cluster
bean is grown on 4.26 million hectares in India. With a total harvest of 30293 tonnes and an average

productivity of 4777 kg per hectare, cluster beans are grown on 6342 hectares in Haryana. Crop



development is affected by a number of factors i.e. environmental factors (temperature, humidity, rainfall
etc.), sowing time, seed rate, varieties, spacing, fertilizers, irrigation etc. Among these factors, time of
sowing and varieties play a crucial role for the growth and development of crop (Ramanjaneyuluet al.,
2018). Interaction of these factors with weather parameters decide the growth of the crop and ultimately
yield. Hence the present investigation was carried out to find out the optimum sowing time and variety of

clusterbean for better performance and growth.
Material and methods

A field experiment was conducted during Kharif2020 atCCS Haryana Agricultural University to
study the effect of weather parameters on different varieties of clusterbean under different sowing time
for accumulation of various agro-climatic indices The experiment consists of three varieties i.eHG - 365,
HG — 563 and HG 2-20 of clusterbean with three dates of sowing i.e. 1%, 2" and 4™ week of July.
Experiment was performed under factorial randomized blocked design with three replications. Different
cultivars of clusterbean were sown as per the treatments with a seed rate of 15 kg/ha each and spacing of
45 X 10 cm (HAU, 2019). Based on the weather parameters different agro climatic indices were

calculated as follow:

Growing Degree Days (GDD): The daily mean temperature above base temperature was added to
calculate the cumulative growing degree days/heat units, which are expressed in °C day. This was
determined using the method below:
(T1+T2)
GDDZZ ——————————————— -Thase
2
Where,

T1=Dailymaximum temperature(°C)

T,=Daily minimum temperature(°C)

Thase=Minimumthreshold or basetemperature(10°C,WMO,1996)

PhotothermalUnit (PTU): One of the fundamental elements regulating the duration of vegetative
development in a photosensitive crop is the length of day and night. Photo-thermal units are expressed in
°C day hours and are the cumulative value of GDD times the highest number of sunshine hours. The

following formula was used to determine PTU:
PTU(°Cdayhours)=X (GDDx N)
Where,

N= Daylength or Maximumpossible sunshinehours



HeliothermalUnit (HTU): For a given day, heliothermal units are stated in degrees Celsius (°C) day
hours and are the product of the global daily radiation (GDD) and the number of bright sunshine hours for
that day. For a given phenophase of interest, the amounts of HTU were calculated using the following

equation:

HTU(°Cdayhours)= X(GDDx BSS)

Where,
BSS=Bright sunshinehours

HeatUseEfficiency(HUE): The ratio of dried matter (DM) and cumulative heat units (GDD) between any

two successive phenophases of the crop was used to determine heat use efficiency (HUE).
HUE(g/m?/°Cday) =DM(g/m?)/GDD(°Cday)

By making visual observations in open fields every other day, the various phenological findings
i.e.daystogermination, daysto50%blooming, daysto 50%podformation and daystomaturity were noted.
The plant leaves that were removed from the samples used to measure the dry matter were used to
calculate the leaf area index and the dry matter at intervals of 10 days beginning 20 days after the crop
was sown. Utilizing a leaf area meter, the green leaf area (cm2) (LI-3000 Area meter, LI- COR
Biosciences, Nebraska, USA). The leaf area index was calculated using the leaf area recorded with the aid

of a leaf area meter using the following formula:

LAI=Leaf area/Groundareacoveredbyplant (cm?)
After 20 days of sowing, the five arbitrarily chosen plants from the destructive sampling were used to
measure the amount of dry matter produced every 10 days. The examined vegetation were dried in the

sun. Additionally, the samples were dried in an oven at 65 to 70 °C to a consistent weight.

The data was statistically analyzed using Statistical Software Package for Agricultural Research Workers
by the Department of Mathematics Statistics, CCS HAU, Hisar.

RESULTS AND DISCUSSION
Agro-climatic Indices

Among the different varieties of clusterbean, variety HG 563 had accumulated significantly
higher heliothermal units (14479.0), photo thermal units (26272.7)and while heat use efficiency (3.07)
was higher in HG 365as compared to rest of the varieties at maturity. Similarly, crop sown on first week
of Julyaccumulated higherheliothermal units (14494.3), photo thermal units (26295.0) and heat use

efficiency (3.05) comparedto sowing in the second and fourth week of July.Early sowings of a crop



accumulated more heliothermal units (HTU) and photo thermal units (PTU) than seeded at later dates
because they took longer time to maturity. When sowing is delayed, photo thermal unit (PTU)and
heliothermal units (HTU) accumulation reduces because the delayed crop experienced an early
reproductive phase, while, earlier-sown crop accumulated more PTU and HTU because the early crop had
a fully developed normal reproductive phase. Similar findings were reported by Kumar et al., (2008) and
Ram et al., (2011).Early sown crops have higher heat use efficiency (HUE) than late sown crops,this
could be because early-sown crops have higher biomass production and heat unit accumulation than late-
sown crops. Among different planting dates, crops seeded in the first week of July had a higher HUE than
crops sown in the second and fourth weeks of July. Among the several variations, HG 365 consistently
outperforms HG 2-20 and HG 563 in terms of heat consumption efficiency. These findings are entirely
consistent with those of Karunakar et al., (2018).

PhenologicalStages

Crop sown in the first week of July (99.1) had significantly longer growing season than crop that
were sown in the second and fourth weeks of July. The clusterbean variety HG 563(100.2) had
significantly longest overall crop duration in comparison to HG 2-20 and HG 365 at different
phenophases (Table 2). This is because crops planted in the first week of July needed more hours of
growing degree days to finish their reproductive cycles, whereas crops planted in the fourth week of July
needed fewer days to reach maturity. Similar results were recorded by Shivaramuet al.,(2016) and Singh
et al., (2007).

Growth Parameters

The highest LAI (5.50) was observed for crops sown in the first week of July (D1), significantly
surpassing those sown in the second week of July (5.32) and fourth week of July (5.02). Among cluster
bean varieties, HG 563 (V2) had the maximum LAI (5.85), significantly better than HG 2-20 (5.18) and
HG 365 (4.81). LAI reduced as sowing time was extended. The timely sown crop produced more LAI
than the late sown crop because the timely sown crop absorbed more PAR (Photosynthetically Active
Radiation) due to a longer vegetative phase, whereas the delayed sowing crop's life cycle grew shorter
due to an earlier reproductive stage.Maximum LAI anddry matter accumulation for different varieties and
dates of sowing were observed at 60 DAS and at maturity, respectively. Maximum dry matter
accumulation(31.38 g/plant) was observed for crops sown in the first fortnight of July (D1), significantly
better than crops sown in the secondweek of July (31.15 g/plant) and fourth week of July (30.84 g/plant).
Among the varieties, HG 563 (V2) accumulated the highest dry matter (31.40 g/plant), superior to HG 2-
20 (31.07 g/plant) and HG 365 (30.90 g/plant). High dry matter accumulation by crop sown on first



fortnight of July (D1) and variety HG 563 (V2) was due to their highest LAl and PAR interception.These
results are in line with Choudharyet al., (2020) and Singlaet al., (2016).

Conclusion

Theclusterbean variety HG-563 sown on 1* week of July had accumulated higher agro-climatic indices

and resulted in better growth in comparison to late sowing and remaining varieties.
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Table 1: Growingdegreedays(°Cday) and Heliothermalunits

(HTU)requirementofclusterbeanvarietiesatvariousphenophasesunderdifferentgrowingenvironment

S

Treat GrowingDegreeDays (GDD) HeliothermalUnits (HTU)
ments (°C day) (°C day hour)
Daystoem | Days to |Daysto |Days Daystoe Daysto |Daysto |Days
ergence | 50%flo |50% tomatu | mergence | 50%flo |50% tomaturi
wering | Podfor | ritystag wering |Podfor | tystage
mation | e mation
D1 97.9 896.3 1187.1 2015.6 883.7 6180.9 | 8477.4 | 144943
D2 925 857.3 1170.1 2000.9 836.8 5979.4 | 8366.9 | 14375.5
D3 87.1 791.3 1155.1 1987.7 789.9 5617.5 | 8245.7 | 14266.9
052/? N/A 311 20.9 18.1 N/A 130.3 158.8 150.2
V1 81.1 780.8 1129.2 1965.2 737.8 5536.7 | 8029.0 | 14249.9
V2 106.3 940.7 1208.4 2034.4 956.6 6478.3 | 8634.1 | 14479.0
V3 90.1 823.4 1174.6 2004.7 816.0 5763.0 | 8426.9 | 14407.4
CE,’/";“5 12.7 311 20.9 18.1 122.6 130.3 158.8 150.2

Table 2:Leaf area index and Drymatter(g/plant) of cluster bean varieties at various growth

intervals underdifferentgrowing environments

Leaf Area Index (LAI)

DryMatter Accumulation(g/plant)

Treatments 20 40 60 80 Maturi| 20 40 60 80 |Maturit
DAS | DAS DAS DAS ty DAS | DAS | DAS | DAS y
D1 1.74 2.04 550 | 254 0.14 | 464 | 940 | 2294 | 25.70 | 31.38
D2 1.73 2.03 532 | 252 012 | 437 | 931 | 2254 | 2523 | 31.15
D3 1.71 1.98 502 | 231 0.11 | 389 | 898 | 22.32 | 24.60 | 30.84
CDat5% 0.014 | 0.051 0.087 | 0.124 | 0.004 | 0.101 | 0.103 | 0.220 | 0.512 | 0.12
V1 1.70 1.92 481 | 216 0.11 | 4.04 | 9.13 | 21.95 | 24.81 | 30.90
V2 1.77 2.06 585 | 2.77 0.14 | 455 | 939 | 22.78 | 25.72 | 31.40
V3 1.72 2.01 518 | 243 012 | 431 | 9.16 | 22.07 | 25.01 | 31.07
CDat5% 0.014 | 0.051 0.087 | 0.124 | 0.004 | 0.101 | 0.103 | 0.220 | 0.512 | 0.122




Table 3: Photothermal units (°C day hour) requirement, heatuseefficiency(g/m#/°Cday) requirement and days taken for occurrences of
different phenophase of cluster bean varieties under different growing environments

Treatm :
. L Days taken for occurrences of different
ents Photothermal Units (°C day hour) HeatUseEfficiency(g/m#/°Cday) Y
phenophase
Daystoemer |Daysto| Days | Daysto |Daystoemerg Daysto | Days | Daystomat |DaystoGermin| Daysto | Daysto |Days to
gence 50% | to |maturitys ence 50% to urity ation 50% | 50% Matu
floweri50%Po| tage flowe [50%Po Stage Flower | Podforma| rity
ng d ring d ing | tion
format format
ion ion
D1 342.4 11217' 16%85' 26295.0 0.85 5.06 2.84 3.05 51 39.7 57.1 99.1
D2 3321 11%57' 15%66' 26123.3 0.83 4,99 2.74 2.98 4.8 384 56.2 98.2
D3 321.9 10%37' 15%72' 25968.6 0.70 4.80 2.67 2.94 45 36.0 55.4 97.4
CDat5
% N/A 234.8 | 270.5 2125 0.11 0.17 0.06 0.02 N/A 0.80 1.09 1.09
Vi 303.0 10%41' 153i37' 250458 | 0.87 536 | 2.78 3.07 43 356 | 541 | 961
V2 350.2 11335' 16%61' 262727 | 0.73 465 | 269 2.01 5.2 414 | 582 |100.2
V3 334.0 10%35' 15%25' 261683 | 0.78 484 | 277 3.00 5.0 370 | 564 | 984
CE))/?S 37.0 234.8 | 270.5 212.5 0.11 0.17 0.06 0.02 0.49 0.80 1.09 1.09







