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INTRODUCTION 

Global food security and climate change major focuses on crop 

improvement needed production and development pulse crops and recognizes 

climate-resilient cultivars with improved pulse production. Chickpea,                    

(Cicer arietinum L.), is a member of the legume, pea or pulse family, 

“FABACEAE”. Also called Leguminaceae, this family of flowering plants is one 

of the largest plant families and includes beans, peas, peanuts, lupines, alfalfa, 

clover, and acacia. The Leguminaceae family is classified into 650 genera with 

18,000 species including chickpea (Varshney et al. 2009). Chickpea is an 

ancient self-pollinated leguminous crop, diploid annual (2n=16) grown since 

7000 BC, in different areas of the world But its cultivation is mainly concentrated 

in the semi-arid environment (Saxena, 1990). 

            India is the largest producer contributing to 65% of world’s chickpea 

production. In India total pulses area 23.55 million ha and production 17.15 

million tones and productivity is 728 kg ha-1. Chickpea (Cicer arietinum L.) is 

most important pulse crop of India in terms of area and production and 

extensively grown for human consumption mainly in South Asia and the Middle 

East. Chickpea (Cicer arietinum L.) is a cool season legume crop and is grown 

in several countries worldwide as a food source. Chickpea is the third most 

important food legume crop. In India during 2014-15 chickpea were cultivated in 

an area about 8.25 million ha with the production about 7.33 million tones and 

889 kg ha-1 productivity. In Madhya Pradesh during 2014-15 chickpea was 

cultivated in an area of 2853 thousand ha and production was 2964 thousand 

tones and Productivity 1039 kg ha-1 (Anonymous 2016). Chickpea is important 

resilience crop in climate change the effects of terminal drought leaf 

parameters, seed set, and pod abscisic acid concentrations are reported in 

chickpea (Pang et al. 2017). Moreover, the critical importance of root trait 

variability and its role in facilitating stress tolerance in chickpea is reported 

Chen et al. (2017). 
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 Chickpea seeds contain on an average 23% protein, 64% total 

carbohydrates (47% starch, 6% soluble sugar), 5% fat, 6% crude fiber and 3% 

ash. High mineral content has been reported for phosphorus (340 mg 100-1 g), 

calcium (190 mg 100-1 g), and magnesium (140 mg 100-1 g), iron (7 mg 100-1 g) 

and zinc (3 mg 100-1 g). Recent studies have also shown that they can assist in 

lowering cholesterol in the bloodstream  and Chickpea is a good source of 

protein (20–22%), and is rich in carbohydrates (around 60%), dietary fiber, 

minerals and vitamins (Pittaway et al. 2008 and Verma et al. 2017).  

Salicylic acid (SA) is a natural phenolic compound and endogenous 

signal molecule that  plays a key role in the regulation of plant growth, 

development, interactions with other organisms, and responses to 

environmental stress (Miura and Tada 2014) 

Salicylic acid (SA) is an endogenous plant growth regulator that acts as a 

signal in the induction of specific plant responses to biotic and abiotic stresses. 

SA is involved in the protection of plants against multiple stresses, including 

freezing, salinity, ozone, ultra-violet radiation, water stress, drought stress 

(Patel and Hemantaranjan, 2012). Foliar application of salicylic acid exerted a 

significant effect on plant growth metabolism when applied at the physiological 

concentration and thus acted as one of the plant growth regulating substances 

(Kalarani et al. 2002). In chickpea, the focus of drought tolerance research is 

the ability to sustain greater biomass production and crop yield under 

seasonally increasing water deficit rather than the physiological aptitude for 

plant survival under extreme drought shock (Serraj and Sinclair 2002). Due to 

inadequate soil moisture availability were recorded significantly yield losses of 

chickpea, and up to a 50% increase in chickpea production was achieved when 

moisture stress was alleviated (Subbaro et al. 1995). 

 SA can manage cellular redox homeostasis by controlling antioxidant 

enzyme activity. The biochemical changes in per cent viz. nitrogen, protein 

carbohydrate and fiber along with osmolyte (Proline) level in JG11 and JG14 

chickpea genotype priming with salicylic acid (SA) and hydro-priming, foliar 
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application SA of and water sh0wed significant responses in drought condition 

Verma et al. (2017).  

Weather abnormality and climate change created rainfall or water deficit 

(drought) and high-temperature situation affects the crop phenology in 

reproductive stages. Physiological associated traits and yield and yield 

components traits along with nutritional status in JG11 and JG14 genotypes, 

when the foliar application of SA, water, and nutrient ameliorate the affect 

abiotic stress. Therefore the present investigation was formulated on entitled 

“Response of Foliar Application of Water, Salicylic Acid and Nutrient on 

Physiology of Chickpea Genotypes Growth and Productivity under 

Rainfed and Irrigated Late Sown Condition” 

Keeping in view of the above facts the present investigations are 

undertaken with the following objectives 

Objectives 

1. To study morpho - physiological traits influenced by the foliar application 

 of water salicylic acid and nutrients. 

2. To find out the effect of various treatment on yield attributes traits, 

 productivity and quality rainfed and irrigated late sown condition. 
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REVIEW OF LITERATURE 

2.1  Phenophases 

2.1.1 Days to Flower Initiation (DFI) 

 JG11 (43.66 days) and minimum (40.33days) and JG14 maximum range 

(44.33 days) and minimum (40.33 days) DFI (Table 4.1 and Figure 3). The 

similar finding showed days to first flowering in chickpea genotypes reported by 

Patel and Hemantranjan (2012). 

Kumar et al. (2017) reported the early flower initiation provides the plants 

to have the longer reproductive period which may enhance the economic output 

provided the seed development occurs early and pod filling rate was most 

favorable. Photo-thermal unit and relative temperature depression indicated that 

involvement of gene action and possibilities of effective selection for 

improvement of these traits.  

2.1.2  Days to 50% Flowering (DFF) 

 Kotula et al. (2015) recorded under stress in chickpea, reproductive 

success stress has been associated with the production of more tertiary 

branches and flowers. 

2.1.3  Days to Pod Initiation (DPI) 

SA and nutrient component and water spraying produced an increasing 

trend of DPI rate. Nevertheless, increased grain yields under abiotic stress 

reported by (Khan et al. 2016).  

2.1.4 Days to Flower End (DFE) 

Bahuguna et al., (2012) that the time to the first flower was significantly 

shortened under mild temperature stress (MTS) in the chickpea genotypes, 

flower abortion increased that days to flower and early flower end. 
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2.1.5 Days to Pod End (DPE) 

Mild temperature stress ( MTS) treatment decreased seed number, seed 

size and seed weight plant-1 and pod end in the chickpea genotypes, while pod 

set and pod growth rate decreased reported by Bahuguna et al. (2012 ). 

2.1.5 Days to Physiological Maturity (DPM) 

 Rai et al. (2016) observed that under high temperature by more dry 

matter partitioning towards pods instead of temperature induced partitioning 

towards vegetative plant parts, showed early physiological maturity 

assessment. The Dry matter partitioning was determined from the dry mass of 

individual plant parts as a percentage of total plant dry mass at physiological 

maturity.. 

2.2 Growth Analysis and Dry Matter Production 

2.2.1 Crop Growth Rate (CGR)  

 SA and nutrient component have provided strengthening and the internal 

mechanism to protect and develop systemic acquired resistant chickpea plant in 

compared to without used of SA and nutrient component similar pattern for 

CGR in genotypic differences reported by Pandey et al. (2016). 

2.2.2  Partition Coefficient (p).  

Kuttimani and Velayutham (2011) observed that salicylic acid sprayed as 

individual and in combination at vegetative and flowering stages revealed that 

combined applications of 2%DAP+100 ppm salicylic acid+0.05% sodium 

molybdate increased the yield attributes (partitioning coefficient 49.18%) per 

plant in green gram.  

2.2.3  Number of Nodules Plant-1 

Galloway et al. (2013) according to the legume-rhizobium symbiosis, 

rhizobia form nodules on the roots of legume hosts and fix dinitrogen (N2) into 

ammonium (NH4 +) and other chemically active forms of nitrogen performs in 

nodules plant-1. In plant some plant species having the Nod gene or nodulin, 
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that different type of nodA,  nodB, and nod C. and regulated nodules by nod D 

gene responsible in Rhizobium in nodule formation. 

2.2.4  Fresh Weight of Nodules Plant-1 (g) 

Regus et al. (2017) according to deposition intensity was tightly 

correlated with nitrogen concentration in soils. The growth benefits of rhizobial 

nodulation were dramatically reduced by even modest levels of mineral 

nitrogen.  

2.2.5  Dry Weight of Nodules Plant-1 (g) 

Hayat et al. (2012) reported that Similar finding showed by the foliar 

application of salicylic acid (SA), used an increase of nodule dry mass and leg 

hemoglobin content in chickpea.  

2.2.6 Total Dry Matter Accumulation (g) 

 Shekari, (2014) find out the SA more effective in biomass production 

than seed yield in this chickpea cultivars  

 Rai et al. (2016) reported that dry matter partitioning was determined 

from the dry mass of individual plant parts as a percentage of total plant dry 

mass at physiological maturity. The biomass partitioning was more towards 

vegetative plant parts attributing enhanced biomass.  

2.3  Physiological traits 

2.3.1  Chlorophyll Content Index (CCI)  

 Heidari et al. (2015) reported that the lowest chlorophyll index was 

observed in control (no priming) and hydro priming, while SA at 2250 µM 

increased significantly chlorophyll index. So that, chlorophyll content in the plant 

grown under 750, 1500 and 2250 µM of SA showed 24.7%, 64.0%, and 74.7% 

increase when compared with control, respectively in pinto bean. 

 Zandonadi et al. (2016) reported chlorophyll content index (CCI) values 

have the positive linear correlation with nitrogen content in the phenological 

stage.   
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 Trankner et al. (2017) observed that due to more accumulation of starch at pod 

filling stage showed higher SPAD value at pod filling stage and foliar application 

of SA and nutrient enhanced the CCI.     

2.3.2  Membranes Stability Index (MSI) 

Membrane stability was drastically reduced under imposed water deficit 

stress. However foliar application of SA and Nutrient component during rainfed 

maintained higher MSI values over the water deficit stress reported by Vineeth 

et al. (2017).  

2.3.3  Relative Water Content (RWC %)  

 Rao et al. (2012) recorded that application of 100 ppm salicylic acid (SA) 

maintained highest RWC (79.37 %). 

 Shekari, (2014) reported that relative water contents (RWC%) were 

affected by the interaction of SA and cultivars. The highest amount of this 

parameter seen in 750 μM of SA and in Kaka cultivar. In non-primed seeds, 

RWC showed the lowest amount and between two cultivars Pirooz showed 

lower amounts than Kaka in control seeds of chickpea. 

Application of bioregulators maintained the integrity of mesophyll tissue 

and chloroplast structure thereby protected the chickpea plants from the 

detrimental effects of water deficit reported by Vineeth et al. (2017).  

2.3.4 Photosynthetic Rate (mol Co2
 m-2s-1) 

 Hayat et al. (2014) reported that the net photosynthetic rate increased in 

response to the exogenous application of SA. However, out of the three 

concentrations of SA, maximum response was generated in the plants sprayed 

with 10–5 molL -1of SA, showing a statistically significant increase of 46.92% net 

photosynthesis (Pn) over that of the control in chickpea.  

 Boukraa et al. (2015) reported that SA different concentration level was 

affected plant functions and physiology, some have promoted and some 

inhibited.  
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Photosynthetic assimilation in SA and nutrients component under rainfed 

foliar application. Photosynthetic rate (Pn). However, bioregulators application 

maintained higher Pn under water deficit stress. Under imposed water stress, 

compact palisade layers of the mesophyll tissue were disrupted and cell size of 

the mesophyll cells displayed drastic reduction. Chloroplast, under water stress, 

displayed a number of grana with losing type of thylakoid, the large increase in 

osmiophilic granules, reduction in a number of starch granules and overall 

disruption of the thylakoid membrane reported by Vineeth et al. (2017).  

2.3.5  Stomatal Conductance (mol H2om-2s-1)  

 Alyemeni et al. (2014) recorded that foliar application of 10-5M of salicylic 

acid was significantly increased of stomatal conductance (gs) 30.3%, 31.7% in 

chickpea.   

 Hayat et al. (2014) reported that the stomatal conductance was 

increased in response to the exogenous application of SA. However, out of the 

three concentrations of SA, maximum response was generated in the plants 

sprayed with 10–5 molL-1 of SA, showing a statistically significant increase of 

20.6% (gs) over that of the control. The stomatal conductance which is a 

component of photosynthesis exhibited the positive association with 

photosynthetic rate (Pn) and Total Dry Matter (TDM) reported by Marques et al. 

(2016). 

2.3.6  Transpiration Rate (m mol H20 m-2s-1) 

 Sarde et al. (2011) reported that the in chickpea transpiration rate was 

highest at 50% flowering and after 15 days decrease. 

 Mate et al. (2013) reported that the genotypes, Digvijay, Vijay, ICC-

16862, ICC-6120, and ICC-1913 had comparatively higher transpiration rate in 

chickpea.  

 The transpiration rate expresses at the lower level and higher depends 

on the genotypic variations. Nutrient component and SA application only 

genotypic significant effect reported by Marques et al. (2016). 
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2.3.7  Intrinsic and Instantaneous Water Use Efficiency (mol mmol-1) 

Alyemeni et al. (2014) Reported the foliar application of 10-5 M of salicylic 

acid was significantly increase of Water Use Efficiency 86.8%, 92.7% in 

chickpea. Nevertheless, the transcriptional reprogramming that occurs during 

the plant defense response against abiotic stress was reported to be modulated 

by SA, where the transcription of different sets of defense genes can be 

controlled in a spatio-temporal manner via SA-mediated mechanisms explained 

by Herrera-Vásquez et al.  (2015) 

2.3.8  Carboxylation Efficiency   [mol m-2 s-1(mol m-1)-1] 

The ratio of net photosynthesis rate to intercellular Co2 concentration is 

term carboxylation Efficiency (CE). SA and nutrient availability also influenced 

the CE rate reported by Meena et al. (2015). 

2.4  Yields and Yield Components 

2.4.1  Plant Height (cm)  

 Aliloo et al. (2012) reported that plant height of Azad cultivar was 

significantly higher than that of ILC 482 in chickpea. 

 Vaisnad et al. (2015) reported that application of exogenous SA could 

help to reduce the adverse effects of drought stress and might have a key role 

in providing tolerance to stress by promoting.  

 The SA and nutrient helpful for plant height in chickpea irrigated 

condition height increased. Although some hormones activity and metabolites 

changes. Plant height was genotype devolvement and the stronger selection 

was observed when crosses were made between stiff stalk and tropical 

germplasm reported by Hu et al. (2017). 

2.4.2  Number of Node and Total Number of Branches Plant-1 

Boukraa et al. (2015) reported that applications of SA increased the 

number of leaves under stress conditions. The result showed by treated plants 
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with SA survive more, exhibit higher relative growth rate, enhanced the leaf 

area and the dry mass production. 

Das, (2017) similar observation reported by Number of nodes was 

increased in the foliar application of SA and nutrients and water, however, inter-

nodal length was enlarged compare without irrigated chickpea genotypes. 

Although each node bears branches and number of branches were increased 

and only genotypic variation expressed. 

2.4.3  Number of Pods Plant-1 

 PakMehr et al. (2011) reported that seed priming with salicylic acid 

increased the number of the pod in cowpea (Vigna unguiculata L.). 

 Rajabi et al. (2013) recorded that foliar application of 1.2 mM salicylic 

acid increased the maximum number of pod per plant (40.73) in chickpea. 

 Pang et al. (2016) find out the rainfed and irrigated were reduced number 

pod and increased number of empty pod per plant  

 The foliar application of SA, nutrients, and water under the rainfed 

number of pod bearing was enhanced. Nevertheless, the reproductive period 

was showed enlarge in rainfed condition. However in irrigation condition plant 

express delay and few flowering came and a number of fewer pods occurs. 

Nutrient uptake is also helpful for the pod to retain in plant observed by Das, 

(2017). 

2.4.4  Seed Weight Plant-1 and Hundred (100) Seed Weight (g) 

 PakMehr et al. (2011) reported that seed priming with salicylic acid 

increased 100 seed weight in cowpea (Vigna unguiculata L.). 

The nutrients  mobilization also the important availability of sugar 

translocation at the time of seed formation and pod filling stage. Which is 

enhances the rate of accumulation, when the foliar application direct leaf 

absorbed nutrient through diffusion and utilized by plant reported by Verma et 

al. (2017) and Das, (2017). 
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2.4.5  Biological Yield (kg ha-1) 

 Farjam et al. (2014) Reported that Plant biomass was significantly 

increased through foliar application of SA in well watered and rainfed condition  

Tanner et al. (2016) observed that the foliar application of SA and 

nutrient composition and water were enhanced the chlorophyll content and 

Rubisco protein and SA presence delay senescence in leaves.  

2.4.6  Seed Yield (kg ha-1) 

 Rajabi et al. (2013) reported that foliar application of 1.2 mM salicylic 

acid increased grain yield by 25% as compared with control in chickpea. 

Pang et al. (2016) reported that application of SA and nutrient 

component increased seed size and nutrient, which is responsible for the 

accumulation of sucrose from source (leaves) to sink (seed) in presence of SA.   

Verma et al. (2017) observed that chickpea expressed significant 

response on seed yield plant-1 under drought (8.71%) by the priming of salicylic 

acid (SA) with a foliar spray of 500nm SA in drought. 

2.4.7  Harvest Index (%) 

 Shekari, (2014) reported that the HI was a little decreased in SA 

treatments and it shows that SA more effective in biomass production than seed 

yield in this chickpea cultivars. 

Purushothaman et al. (2017) reported that at the foliar application of SA 

treatment combination showed higher HI (%). 

2.5 Biochemical Analysis 

2.5.1  Nitrogen (%) 

 Brijnandan et al. (2014) recorded that seed priming and foliar application 

of 2% urea at flower initiation stage the highest nitrogen content (3.09%) in 

chickpea. 
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Verma et al. (2017) reported the genotypic differences occur only but in 

seed size helpful for nutrient treatment. 

2.5.2   Protein (%) 

 Patel and Hemantaranjan (2013) reported that protein percentage was 

recorded maximum in genotype ICC 4958 and Tyson. Whereas, the minimum 

was recorded in JG 315 and DCP 92-3 on the treatment of SA@1.5 mM in 

chickpea genotype. 

Boukraa et al. (2015) reported that application of  SA was significantly 

enhancing protein contents during germination or seedling stage under salt 

stress. 

Verma et al. (2017) reported that the protein percent was increased in 

genotype JG11 (25.42%) in Salicylic acid primed seed + Foliar spray of 500nm 

salicylic acid at 15 days interval combination and significantly dominated over 

JG14.  

2.5.3  Carbohydrate (%) 

 Patel and Hemantaranjan, (2013) reported that protein percentage was 

recorded maximum in genotype ICC 4958 and Tyson. Whereas, the minimum 

was recorded in JG 315 and DCP 92-3 on the treatment of SA@1.5 mM in 

chickpea genotype. 

Boukraa et al. (2015) reported that application of  SA was significantly 

enhancing protein contents during germination or seedling stage under salt 

stress. 

Verma et al. (2017)  the foliar application of SA and nutrient composition 

and water. SA and Nutrient composition may be enhancing carbohydrate and 

maintaining the homeostasis in the cell system. The foliar application JG11 

have expressed higher carbohydrate. 
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2.5.4  Proline (µmolg-1) 

 Patel and Hemantranjan, (2012) show that the proline content in plants 

treated with salicylic acid at the rate of 1.5 mM. Under drought stress, proline 

content was maximum [310.67 µg g-1] in Tyson and minimum in DCP 92-3 

(188.0 µg g-1) in chickpea. 

 Farjam et al. (2013) reported that the salicylic acid spraying in complete 

drought stress condition significantly increased the proline content in chickpea. 

Verma et al. (2017) reported the JG14 has recommended for late sown 

and high-temperature tolerant genotype. JG14 may be having strong 

scavenging system or osmolyte formation. Proline is an also osmolyte that 

maintains the homeostasis inside the cytosol.  

2.5.6 Fiber and Fat (%) 

 Tosh and Yada (2010) reported that the dietary fibers can be classified 

into soluble and insoluble. Soluble fiber is digested slowly in the colon whereas 

the insoluble fiber is metabolically inert and aid in bowel movement. 

 Bellaloui et al. (2011) reported the application of SA and nutrient 

composition fat content was slightly higher in JG11. However, in JG14 has 

shown slightly high fiber content and low fat may be an application of nutrient 

composition the level of fat increases in chickpea genotypes.  

2.5.7  Mineral Contents and Heavy Metals  

2.5.7.1 Potassium (mg100g-1) 

Atieno et al. (2017) reported that the role of K+ and its uptake, efflux, 

translocation at the time of seed filling and needed to examine the role of K+ 

and its uptake, efflux, translocation and interaction with Na+ during salinity 

stress in chickpea. 

2.5.7.2 Calcium (mg100g-1) 

Bevilaqua et al. (2012) and Verma et al. (2017) reported that important 

macronutrient of Ca++play role in a plant in a formation of a middle lamina, 
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along with seed coat strengthen.The foliar application of SA and nutrients may 

provide strengthen seed of chickpea. 

2.5.7.3 Sodium (mg100g-1) 

 Pushpavalli, (2015) reported that the moderate negative correlation 

between Na+ content in leaves and seed yield under salinity. The moderate 

negative correlation between Na+ accumulation and seed yield demonstrates 

that salinity tolerance in the chickpea reference set was partly explained by 

sodium exclusion. 

2.5.7.4 Copper (mg100g-1) 

Khan et al. (2015) reported that Foliar application of SA and nutrients to 

develop stress tolerance, plants trigger a network of hormonal cross talk and 

signaling, among which ethylene production and signaling processes optimum 

concentration. 

2.5.7.5 Zinc (mg100g-1) 

Pandey et al. (2017) reported by The foliar application of SA and 

Nutrients may be provided strengthen to seed and sugar translocation and 

reduced the production of free radical. 

2.5.7.6 Iron (mg100g-1) 

Connorton et al.  (2017) reported that in the grains, TaVIT1 and TaVIT2 

both expressed in the aleurone, correlating with high levels of iron in this tissue 

which is removed from white flours during the milling process. In contrast, 

expression of TaVIT1 and TaVIT2 was very low in the starchy endosperm, the 

tissue from which white flour extracted.  

2.5.7.7 Manganese (mg100g-1) 

The important key role in photolysis of water during PSII pigment and in 

the presence breakdown of water, and It is also possible that wheat and barley 

differ in iron and manganese transport efficiency from roots to shoots, thus 
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affecting the total amount of iron and manganese that were  (re)mobilized to the 

grain reported by Connorton et al. (2017). 
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MATERIALS AND METHODS 

 A field experiment entitled “Response of Foliar Application of Water 

Salicylic Acid and Nutrient on Physiology of Chickpea Genotypes Growth 

and Productivity under Rainfed and Irrigated Late sown condition” was 

conducted the experiment in Adhartal Farm Department of Plant Breeding and 

Genetics, College of Agriculture JNKVV, Jabalpur (M.P.) during Rabi season 

year of 2016-17 under All India Coordinated Research Project on Chickpea. 

The material and methodologies used to conduct the experiment have been 

briefly described as follows. 

3.1     Details of the Experimental Material  

3.1.1   Climate 

 Jabalpur is situated at 230 90' N latitude and 790 58' E longitudes at an 

altitude of 411.78 m above the mean sea level. It comes in sub tropical region 

and thus enjoys the features of dry and sub humid climate. Based on 20 years 

data, the mean annual rainfall of Jabalpur is 1253.4 mm. The rains mostly 

received by southwest monsoon in between mid-June to the first week of 

October. There is an occasional and normal rainfall (nearly 75 to 100 mm) 

during winter and summer months. The mean monthly temperature goes down 

to the limit of 30C in December to January month, while maximum temperature 

goes as high as 460C in May or June. Generally, the relative humidity remains 

very low (15 to 30%) during summer months, moderate (60 to 75%) during 

winter and it attains high value (80 to 90%) during the rainy season. 

 The weekly weather conditions viz., temperature, rainfall, relative 

humidity and sunshine hours etc. during crop season were recorded at the 

meteorological observatory, Department of Physics and Agro-meteorology 

Farm, College of Agricultural Engineering, JNKVV, Jabalpur. This observation 

are presented in (Table 3.1) and illustrated through fig.1. 
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Table 3.1: Weekly meteorological parameters during crop season              

  ( Nov. to April 2016-17) 

Source: Department of Physics and Agro-meteorology Farm, College of    

     Agricultural Engineering, JNKVV, Jabalpur 

 

 

  Meto. Temp. (oC) R.H (%) Wind 
Velocity 

Sunshine Rainfall No. of 
rainy 
days 

Months Week (hrs/Day) (mm) 

  (#) Max. Min Max Min   

  

NOV   45 29.7 10.6 91 24 2.2 8.1 0 0 

46 28.3 8.1 88 24 2 8.1 0 0 

47 28.8 8.4 87 23 1.4 8.3 0 0 

48 28.8 8.7 89 27 1.7 8.7 0 0 

DEC   49 25.1 7.9 93 43 2.1 6.2 0 0 

50 26.1 7.3 91 28 2 7.8 0 0 

51 24.7 5.5 91 30 1.8 7.4 0 0 

52 25.7 5.6 88 29 1.9 8.6 0 0 

JAN   1 23.9 9.1 20 48 2.8 6.5 0 0 

2 21.7 6.6 86 42 2.9 7.2 0.2 0 

3 24.1 9.2 89 47  3.1 6.4 0 0 

4 25.7 10.1 97 45 2.9 6.5 3.2 1 

5 25.4 7.5 92 38 2.3 9.6 0 0 

Feb 6 27.2 9.8 84 42 3.2 9 0 0 

7 26.4 10.6 95 42 2.9 8.4 13.2 1 

8 29.7 10 83 26 3.3 10.3 0 0 

9 31.2 11.1 80 26 2.6 10.2 0 0 

March 10 30.3 12.5 72 24 4.5 9.6 0 0 

11 29.3 9.8 74 16 2.7 10.1 0 0 

12 33.9 14.4 75 19 3.4 10 2.8 1 

13 38.6 15.9 69 15 3.5 10.3 0 0 

April 14 39.3 20.6 41 15 6.1 10 0 0 

15 38.1 14.4 54 9 3.7 10.2 0 0 
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3.1.2 Previous History of the Experimental Field 

 Soybean and wheat crops were grown in the experimental field during 

Kharif and Rabi seasons, respectively since last two years. 

3.1.3 Soil and Field Preparation 

 The soil adjoining to Jabalpur is classified as "vertisol" as per US 

classification of soil. The soil of the region has medium to the deep depth and 

black with sandy clay- loam texture and neutral soil reaction. It swells by wetting 

and shrinks by drying. Therefore, deep and wide cracks develop during the 

winter season. The experimental field having a gentle slope, proper drainage 

and uniform were selected. The soil reaction was neutral to mildly alkaline with 

an average pH of 7.51. The electrical conductivity of soil was 48 ranged 

between 0.21 to 0.42 dsm-1 at  25 0C which is considered normal. The soil was 

medium in available nitrogen (252 kg ha-1), medium to high in available 

phosphorus (164 kg ha-1) and medium in available potassium (351kg ha-1). The 

soil indicated 47 cm field capacity and 20.5 cm of water point on the volumetric 

basis. 

3.2    Experimental Details 

 The experimental details of the present investigations are given as 

under:  

Season : Rabi (2016-17) 

Design : Factorial RBD 

Treatments     

1. Genotypes  : (a) JG 11 (b) JG 14  

2. Foliar application (Water, SA and Nutrient Composition) 

 T0 : Rainfed Control (Water spray at 50% Flower) 

 T1 : Irrigated Control (Water spray at 50% Flower)  

 (Irrigation to be applied 7 days before 50% flowering) 
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 T2 : Rainfed + Salicylic acid (Foliar spray of SA @ 500nmole at 50%  

    flowering and after 15 days) 

 T3 : Rainfed +Nutrient composition + Salicylic acid (Foliar spray of SA @  

    500nmole + Nutrient at 50% flowering and after 15 days) 

 T4 : Irrigated +Nutrient + Salicylic acid (Foliar spray of SA @ 500nmole + 

    Nutrient   at 50% flowering and after 15 days) 

    (Irrigation to be applied 7 days before 50% flowering) 

 T5 : Irrigated +Salicylic acid (Foliar spray of SA @ 500nmole at 50% 

    flowering and 15 days)  

          (Irrigation to be applied 7 days before 50% flowering) 

  Replications     :  03 

  Distance between rows  :  30.0 cm 

  Distance between plots            :  0.6 m 

  Distance between replication     :  1.0 m 

  Plot size (Gross plot)       :  3.0 m × 1.2 m (3.6 m2) 

  Net plot size                 :  0.60 m × 2.50 m (1.50m2) 

  Gross area               :         10.20 m × 11.0 m (112.24 m2) 

  No. of row per plot                  :          04 

  Fertilizer dose                         :         20:40:20 (NPK) kg ha-1 

  Seed rate                                :          75 Kg ha-1 
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3.3.1.1 Foliar Application of Salicylic Acid (SA) and Nutrients:   

(a).   Preparation of Salicylic Acid (SA) @ 500nmole: 

SA molecular weight is 138.12gmol-1. When the preparation of SA @ 500nmole 

calculated with here, 

 = 138.12 X500nmX10-9 

 = 138120x500x10-9 

 = 0.06906 mg for1 L of water 

For the preparation of 15 L H20 of hand sprayer used =0.06906X15 =1.035g per 

15 L of water. 

(b). Preparation of Nutrients Composition: The following constituents are 

available in pulse magic prepared by ARS Kalburgi Karnataka. Nutrients 

percentage available in pulse magic below and pH adjuvant  synergetic growth 

enhancer and filler. 

Nutrient                                    Percentage (%) 

Nitrogen    10 

Phosphorus    40 

PGR     20 ppm 

Micronutrient    03 

Used of Nutrients for Foliar Application: The Ten (10) gm of pulse magic 

(nutrient composition) + 0.5ml solvent in 1 L of water mix thoroughly and spray. 

For preparation of 15 L water capacity of hand sprayer use = pulse magic 

(10x15) =150 g + sticker or solvent (0.5x15) = 7.5 sticker for 15 L of water. 

3.3.2 Seed Sowing 

 Prior to sowing check seed viability and germination test. The seeds 

were treated with thiram @ 3 g/kg seed. The treated seeds were sown                     

@ 2 kg/ha by hand dibbling at a depth of three to four centimeters. 
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3.3.3 Intercultural Operations 

 Hand weeding was done manually after 30 and 60 days of germination in 

order to minimize crop-weed competition for light, space, moisture, and 

nutrients.   

3.3.4 Harvesting 

 The final harvesting was carried out when the pods were nearly dry and 

turned brown. The harvested plants were left in the sun for drying. The 

harvested material from each net plot was carefully bundled, tagged and 

brought to the threshing floor separately. 

3.3.5 Threshing  

 Threshing was done by hand with help of stick plot wise and grains were 

cleaned, dried and weight recorded separately for each net plot. After that 

analysis of various yield components and yields, traits were recorded.  

3.4  Observations Recorded 

 The observations were sub divided into following groups and recorded 

during the rabi season. 

3.4.1 Phenophases 

 3.4.1.1 Days to flower initiation 

 3.4.1.2 Days to 50% flowering 

 3.4.1.3 Days to flower end 

 3.4.1.4 Days to pod initiation 

 3.4.1.5 Days to pod end 

 3.4.1.6 Days to physiological maturity 

3.4.2 Growth Analysis and Dry Matter Production 

 3.4.2.1 Crop Growth Rate (CGR) (Gardner et al.1985) 

 3.4.2.2 Partition Coefficient (p) (Krishnamurthy et al. 2013) 
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3.4.2.3.1  No. of Nodules plant-1 

 3.4.2.4 Fresh weight of nodules plant-1(g) 

 3.4.2.5 Dry weight of nodules plant-1(g) 

 3.4.2.6 Total dry matter plant-1(g) 

3.4.3 Physiological Traits 

1. Chlorophyll Content Index (CCI) :  Shukla et al. 2007 

2. Membrane Stability Index (MSI) : Premachandra et al. (1990). 

3. Relative Water Content (RWC %) at 50% Flowering and Pod Filling 

 stage (Barrs and Weatherly, 1962)  

4. Photosynthetic rate (Pn)  : mol m-2 s-1 Infra-red gas analyzer 

         (IRGA) 

5. Stomatal conductance (gs)  : mol m-2 s-1 Infra-red gas analyzer 

         (IRGA) 

6. Transpiration rate (E)  : mmol m-2 s-1 Infra-red gas analyzer 

        (IRGA) 

7. Water Use Efficiency (WUE) : mol mmol-1 Infra-red gas analyzer 

         (IRGA) 

8. Carboxylation efficiency (CE) : mol m-2 s-1(mol m-1) -1 Infra-red gas 

        analyzer (IRGA) 

3.4.4  Yields and Yield Components 

 3.4.4.1 Plant height (cm) 

 3.4.4.2 No. of branches plant-1 

 3.4.4.3   No. of node plant-1 

 3.4.4.4 No. of pods plant-1 

 3.4.4.5 No. of seeds pod-1 



23 

 3.4.4.6 Hundred seed weight (g) 

 3.4.4.7 Seed yield (kg ha-1) 

 3.4.4.8 Biological yield (kg ha-1) 

          3.4.4.9 Yield (kg ha-1) 

 3.4.4.10 Harvest index (%) 

3.4.5 Biochemical Analysis 

 3.4.5.1 Nitrogen (%) (AOAC, 1984)  

 3.4.5.2 Protein (%) (AOAC, 1980) 

 3.4.5.3 Carbohydrate (%) (Sadasivam and Manickam, 1992) 

 3.4.5.4 Proline (µmol g-1) (Bates et al. 1973) 

 3.4.5.5 Fiber & Fat (%) (AOAC, 1980) 

3.4.5.5 Mineral content and heavy metals (Sadasivam and   

   Manickam,1992) 

The details are given as follows: 

3.4.1 Phenophases 

 The phenophases observations were noted from three selected and 

tagged plants throughout the growth period through daily visual observations. 

The under mentioned characters pertaining to the phenology of chickpea 

genotypes were studied as follows: 

 3.4.1.1 Days to flower initiation 

 3.4.1.2 Days to 50% flowering 

 3.4.1.3 Days to flower end 

 3.4.1.4 Days to pod initiation 

 3.4.1.5 Days to pod end 

 3.4.1.6 Days to physiological maturity 
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3.4.2 Growth Analysis and Dry Matter Production 

3.4.2.1 Crop Growth Rate (CGR) (g cm-2 day-1) 

 The hot-air oven dried weights were used for the estimation of crop 

growth rate (CGR). 

CGR = total shoot dry weight at final harvest/growths periods (days)  

3.4.2.2 Partition Coefficient (p) 

 Partition coefficient (p) or rate of partitioning to estimate the assimilate 

remobilization rate (sink activity) was calculated by a formula presented by 

Krishnamurthy et al. (1999). 

p = (seed yield / reproductive period in °C day)/ CGR Where,  

Reproductive period = 0C day for final harvest – 0C day to reach 50% flowering.  

3.4.2.3 No. of Nodules Plant-1 

The plants were selected randomly from the experimental field and 

gently carefully uprooted. The root was washed with tap water to remove the 

adhering soil. The number of nodules per plant was counted in three replicate 

and the values averaged to give the number of nodules per plant. 

3.4.2.4 Fresh Weight (g) of Nodules Plant-1 

 The plants were selected from the experimental trial and gently uprooted. 

The root was washed with tap water to remove the adhering soil. The number of 

nodules per plant was counted on the basis of three replicate and the values 

averaged to give the number of nodules per plant and take fresh weight of 

nodules with the help of electrical balance. 

3.4.2.5 Dry Weight (g) of Nodules Plant-1 

 The plants were selected from the experimental field and gently 

uprooted. The root was washed with tap water to remove the adhering soil. The 

number of nodules per plant was counted with three replication and the values 
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averaged to give the number of nodules per plant and kept in an electrical oven 

at 1000c per 1 hrs than 800c for 48 hrs for constant nodule dry weight. 

3.4.2.5 Total Dry Matter (g)  

   The plants were removed at flowering and physiological maturity for 

computation of data. For determining the dry matter accumulation three 

randomly plants were selected and removed at flowering and physiological 

maturity stage from the experimental field and kept in electric oven 1000c for 1 

hrs (kill the tissue) after kept at 800C for about 36 hrs still constant weights. 

3.4.3 Physiological Traits 

3.4.3.1 Chlorophyll Content Index (CCI) 

          The SPAD-502 a hand held chlorophyll meter (Minolta Corporation) was 

used for rapid and non - destructive estimation of chlorophylls in leaves  This 

instrument uses a silicon photo-iodide to detect transmittance of light emitted by 

two light  emitting diodes through a leaf sample, one with peak emittance  at 

650nm where absorbance by chlorophylls is high and relatively unaffected by 

carotene and one with peak emittance at 940nm where absorbance by 

chlorophyll content index  was recorded in upper  3rd 4th and 5th pinnate leaf at 

flowering and pod filling stage (DAS) . 

 SPAD value observes in randomly three plants per treatment at flowering 

and pod filling stages. Chlorophyll content is expressed in terms of Soil Plant 

Analysis Development (SPAD) units.   

3.4.3.2 Membrane Stability Index (MSI) 

Membrane stability index (MSI) was estimated according to the method 

described by Premachandra et al. (1990). For estimation of membrane stability 

index 100 mg leaf material, in two sets, was taken in test tubes containing 10 ml 

of double distilled water. One set was heated at 40°C for 30 min in a water bath, 

and the electrical conductivity of the solution was recorded on a conductivity 

bridge (C1). The second set was boiled at 100°C on a boiling water bath for           
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10 min, and its conductivity was measured on a conductivity bridge (C2). 

Membrane stability index (MSI) was calculated as: 

MSI = [1 - (C1/C2)] x 100 

 The following physiological derivative observations were recorded with 

help of Infra red gas analyzer (IRGA) LiCOR-6400USA.   

3.4.3.3 Photosynthetic Rate (molCo2 m
-2 s-1)  

         Chickpea leaves photosynthesis rate (Pn) was recorded with help of 

LICOR-6400 (The USA made) open type infra red gas analyzer (IRGA) 

instrument. For observation was taken in randomly selected three plants each 

treatment and express a mean value of Pn.  

3.4.3.4 Transpiration Rate (mmol H2Om-2 s-1) 

           Transpiration Rate (E) was recorded with help of LICOR-6400 infra red 

gas analyzer (IRGA). The observation was taken randomly selected plant in 

each treatment with three replication and finally express a mean value of 

transpiration (E). 

3.4.3.5 Stomatal Conductance (molH2O m-2 s-1) 

  Stomatal functional units of the epidermis serving the exchange of 

gases between the intercellular space of the plant and its surrounding. The rate 

of transpiration can be regulated by stomatal density and regulation of stomatal 

opening and closing and thus control the Co2 intake and water from the plant. 

Stomatal conductance (gs) was recorded with help of LICOR-6400 infra red gas 

analyzer (IRGA). 

3.4.3.6 Water Use Efficiency (mol mmol-1) 

 The water use efficiency was determined by total dry matter production 

of chickpea plant and losses of water through transpiration or stomata. This 

physiological WUE was calculated with help of LICOR-6400 Infra Red Gas 

Analyzer given by (Kannan and Vankataraman, 2010) as follows: 
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WUE= 
Pn 

E 

 Where Pn represents the net photosynthesis and E express transpiration rate.  

3.4.3.7 Relative Water Content (%)  

 Leaf relative water content was estimated by recording the turgid weight 

of fresh leaf samples by keeping in water for 4 h, followed by drying in hot air 

oven till constant weight achieved. RWC (%) was calculated by the formula 

given by Barrs and Weatherlay (1962).  

RWC = 
Fresh Weight - Dry Weight 

X 100 
Turgid Weight - Dry Weight 

 Where fresh weight, dry weight and turgid weight of the leaf samples             

(4 -mm diameter leaf discs). The turgid weight was determined after floating the 

leaf discs on distilled water for 24 hrs at room temperature (about 200C) under 

dim light, whereas, dry weight was measured after oven- drying the samples at 

650C for 24 hrs. 

3.4.4  Yields and Yield Components 

3.4.4.1 Plant Height (cm)  

 The height of plant from three randomly selected plants was measured in 

centimeters from the base of the plant to the tip of the uppermost leaf of plants.  

3.4.4.2 No. of Branches Plant-1 

  A number of branches per plant was counted from three tagged plants.  

3.4.4.3 No. of Node Plant-1 

 The plants were selected from the experimental field and counted node 

number plant-1 branches were arises. The number of node per plant was 

counted and the values averaged to give the number of node per plant. 
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3.4.4.4 No. of Pods Plant-1 

  A number of pods per plant was counted from three tagged plants in the 

experimental trial.  

3.4.4.5 Hundred (100) Seed Weight (g) 

 The 100 seeds obtained from selected plant separately were weighed 

and mean weight of seed plant-1 was expresses. 

3.4.4.6 Biological Yield ( kg ha-1) 

 Biological yield is the total yield of the crop including economic yield and 

the straw yield. The biological yield plant-1 was recorded after harvesting. 

3.4.4.7 Seed Yield (kg ha-1) 

 The Seed yield (kg h-1) was recorded after threshing, cleaning and drying 

the grains. It is also known as economical yield. 

3.4.4.8 Harvest Index (%) 

Harvest index is the ratio of economic yield to the total biological yield 

expressed in percentage. It represents the efficiency of photosynthetic 

translocation to economic parts (Synder and Carlson, 1984). 

HI = 
Economic yield 

x 100 
Biological yield 

3.4.5 Biochemical Analysis 

 Chickpea seed was analyzed for the biochemical constituents at different 

treatment combination as follows:  

3.4.5.1 Seed Proline (µmol g-1) 

Principle: 

 Proline estimation is based on the formation of brick red colored proline - 

ninhydrin complex in acidic medium. This complex is soluble in toluene and 

thus can be separated from an aqueous phase. This ensures that the reason 
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interference with other amino acids, which also farmed a blue colored complex 

with ninhydrin. The toluene soluble brick red colored complex absorbs at 520 

nm. 

 Free proline content in leaves was determined following the method of (Bates 

et al., 1973). The protocol was based on the formation of red colored form a 

zone by proline with ninhydrin in acidic medium, which is soluble in organic 

solvents like toluene.   

Requirements  

 Test tube, test stand, micropipette, Whatman No. 1 filter papers, visible 

spectrum photometer and chemicals as listed in reagents below.   

Reagents 

 Sulphosalicylic acid (3%): Three gram of sulphosalicylic acid was 

dissolved in 100 ml of distilled water.  

Orthophosphoric Acid (6 N) 

  Required volume of orthophosphoric acid (38%) was taken and volume 

was made to 100 ml using distilled water to get 6 N orthophosphoric acid.   

Acid Ninhydrin 

 Ninhydrin (1.25 g) was dissolved in a blend of 30 ml of glacial acetic acid 

and 20 ml of 6 N orthophosphoric acids. 

Procedure  

 Seed sample (0.5 g) was homogenized in 5 ml of sulphosalicylic acid 

(3%) using mortar and pestle. The homogenate is filtered through Whatman No. 

1 filter paper and a filtrate was collected, which was used for the estimation of 

protein content. Two ml of extract was taken in the test tube and to it, 2 ml of 

glacial are added. The reaction mixture was heated in boiling water both at 

1000C for 30 minutes, brick red color develops after cooling the reaction 

mixture, 6 ml of toluene was added and then transferred to a separating funnel. 

After through mixing the chromophore containing toluene through mixing the 
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chromophore containing toluene was separated and its absorbance read at 520 

nm in a spectrophotometer against toluene blank. Concentrate of proline was 

estimated by referring to a standard curve made from known as the 

concentration of proline. 

3.4.5.2 Estimation of Seed Protein and Nitrogen (%) 

  The protein contents of seeds estimated crop maturity as per Micro - 

Kjeldahl procedure (AOAC, 1965) as follows:   

 One (1) g sample was kept in a digestion flask, with a little quantity of 

catalyst mixture (K2SO4 + CuSO4), 10 ml of 96% concentration sulphuric acid 

was added and kept for complete digestion. Digested sample was distilled. The 

distilled amount of ammonia was titrated with 0.1 N H2SO4.  

 Nitrogen and protein content was calculated as per following formula: 

Nitrogen (%) = 
Normality of H2SO4 x V of H2SO4 x 1.4 

X100 
Weight of sample 

Protein (%) = Percent of nitrogen x 6.25 

3.4.5.3 Estimation of Total Carbohydrates (%) 

Total carbohydrates in the sample were estimated by the hydrolysis 

method as described in AOAC (1984). 

Reagents:  

  Five (5%) Phenol: Dissolve 50g of redistilled (reagent grade) phenol in 

water and dilute to one liter. The 96% sulphuric acid (reagent grade).Standard 

glucose: stock - 100mg in 1(x) ml of water Working Standard 10ml of stock 

diluted to 100ml with distilled water. 

Procedure:  

 Weigh 100mg of the sample into a boiling tube. The hydrolyze by 

keeping it in a boiling water bath for 3hr. with 5ml of 2.5N HCL and cool to room 

temperature. Neutralize it with solid sodium carbonate until the effective science 

ceases. Make up the volume to 100ml and centrifuge. Pipette out 0.2, 0.6, 0.8 
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and 1ml of working standard into a series of test tubes. Pipette out 0.1 and 

0.2ml of the sample solution in two separate test tubes. Make up the volume in 

each tube to 1ml with water.  Set a blank with 1ml of water. Add 1ml of phenol 

solution to each tube. Add 5ml of 96% sulphuric acid to each tube and shake 

well.  After 10 min shakes the contents in the tubes and place in a water bath at 

25-300C for 20 min. Read the color at 490nm. Calculate the amount of total 

carbohydrate present in the sample solution using the standard graph. 

Calculate 

Total carbohydrate in 

the sample 
= 

sugar value from the 

graph (μg) 
x 

Total volume of 

extract (100 ml) ×100 

 Aliquot sample used   

(0.1 or 0.2) 

Weight of sample 

(100mg) 

3.4.5.4 Estimation of Fiber and Fat Content (%) 

  Estimation of fiber and fat with the method of AOAC, (1980). 

3.4.5.5 Estimation of Mineral Contents and Heavy Metals from Chickpea 

Seed. 

3.4.5.5.1 Sodium (Na+) and Potassium (K+) determination 

Equipment 

 Jenway flame photometer, Accurate balance weighing to 0.0005g, 

volumetric flasks 

 Reagents 

Sodium Standard – 1000ppm  (Part number 025 021), Potassium 

Standard – 1000ppm (Part number 025 023), Deionised Water. 

Procedure:  

Aspirate the blank solution and set the zero. Aspirate the standards into 

the flame photometer. Plot a standard curve of sodium concentration against 
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intensity. Aspirate the sample solution into the flame and record the reading. 

Repeat steps 1 to 5 for the determination of potassium. 

For Sodium (Na+) 

Sodium was estimated by Flame photometric method of as proposed by 

Tandon, 1995. 

Reagents used 

a) Nitric acid (AR grade, 70 %) 

b) Perchloric acid (60 %) 

Eighty-five (85) ml of perchloric acid was taken and volume was raised to 

100 ml by distilled water.  

c) Hydrochloric acid (AR grade, 35 %) 

Di acid Digestion 

Well dried and powdered seed material was washed in 150 ml conical 

flask. To this 10 ml of concentrated Nitric acid was added and a funnel was 

placed at the mouth of a flask and left overnight. After pre digestion when 

Samples were no more visible 10 ml of concentrated nitric acid and 2-3 ml of 

perchloric acid was added and Samples were digested on a hot plate at 100 0 C 

in acid proof digestion chamber. The volume of contents was reduced to 2-3 ml 

by continued heating at the same temperature. After cooling, 10 ml of diluted 

and colorless HCl was added. Aliquots were filtered through Whatman no 42 

filter paper into a 50 ml of volumetric flask. Further dilution was done by taking 

2.5 ml of the extract in 25 ml of volumetric flask and volume was made to 25 ml 

by distilled water.  

Sample preparation 

Dissolve 5g of the sample in 100.0ml of deionised water. If required, 

perform serial dilutions of the sample to produce a sample with a sodium and 

potassium concentrations between 2 and 20ppm. 
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Stock solution of sodium 

1000 ppm solution of sodium was obtained by dissolving 2.541 g of NaCl 

in 1 liter of de ionized water. 10 ml of the stock solution was diluted to 1200 ml. 

From this 5, 10, 15and 40 ppm strength solution was prepared.  

Estimation of Na+ 

For sodium determination, flame photometer was fitted with 

monochromator and the element was determined by inserting sodium filter. The 

obtained standard solutions were fed to the flame photometer. Blank was 

adjusted to zero and 40 ppm adjusted to maximum and a linear graph was 

prepared from stock solutions. The Sample solutions were also fed to the flame 

photometer in a similar manner and their reading was noted. Concentrations of 

the Sample were obtained by referring to the standard curve prepared from the 

stock solution.  

Stock Solution for Potassium (K+) 

From the 1000ppm potassium standards, prepare standards of 20, 15, 

10 and 5ppm using deionised water as the diluent. Use deionised water as the 

blank solution. 

Calculation 

From the calibration graph, determine the samples’ concentration from 

the recorded reading. If required, multiply the determined concentration by the 

dilution factor. 

3.4.5.5.2. Iron, Manganese and Copper, Zinc  

Estimation with help of Atomic absorption spectrophotometer Single- or 

dual-channel, single- or double beam instrument having a grating 

monochromator, photomultiplier detector, adjustable slits, a wavelength range 

of 190 to 800 nm, and provisions for a computer or graphical interface. 
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Reagents and Standards 

Reagent Water - All references to water in the method refer to reagent water 

unless otherwise specified. Reagent water must be free of interferences. Nitric 

acid, HNO3 -- Use a spectro grade acid.  Prepare a 1:1 dilution with water by 

adding the concentrated acid to an equal volume of water. If the method blank 

does not contain target analytes at or above the lowest limit of quantitation, then 

the acid may be used.  

Hydrochloric Acid: Prepare a 1:1 dilution with water by adding the 

concentrated acid to an equal volume of water. If the method blank does not 

contain target analytes at or above the lowest limit of quantitation, then the acid 

may be used. 

Fuel and Oxidant - High purity acetylene is generally acceptable. Air may be 

supplied from a compressed air line, a laboratory compressor, or a cylinder of 

compressed air and should be clean and dry. Nitrous oxide is also required for 

certain determinations. A centrifuge filter on the compressed air lines is also 

recommended to remove particulates. 

Stock standard metal solutions – The stock solutions are prepared at 

concentrations of 1,000 mg of the metal per liter. Commercially available 

standard solutions may also be used. When using pure metals (especially wire) 

for standards preparation, the calibration curve enables the standards to be 

prepared as needed. 

Iron - Dissolve 1.000 g of iron wire in 10 mL redistilled HNO3 (conc.) and 

reagent water and dilute to 1 L with reagent water. Note that iron passivates in 

conc. HNO3, and therefore some water should be present. 

Manganese - Dissolve 1.000 g of manganese metal in 10 mL of redistilled 

HNO3 (conc.) and dilute to 1 L with reagent water. 

 Copper - Dissolve 1.000 g of electrolytic copper in 5 mL of redistilled HNO3 

(conc.) and dilute to 1 L with reagent water.  
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Zinc - Dissolve 1.000 g of zinc metal in 10 mL of conc. HNO3 and dilute to 1 L 

with reagent water. 

Zinc –Quantification 

Zinc concentration in seed was estimated by a Techtron model AA120 

Atomic Absorption Spectrophotometer in di-acid digests prepared by the 

method described by Piper (1942). Dried chickpea seed powder (0.5) was taken 

into a 100ml Corning digestion tube. 5ml of HNO3 and 2ml of HClO4 (70%) was 

added and kept overnight covered with a watch glass. The sample was 

digested solution was filtered through an acid –washed filter paper into a 50 ml 

volumetric flask. The filter paper was washed with water and the filtrate was 

diluted and the volume was made to 50 ml with deionised water. Because of 

potential contamination from the reagent used, a reagent blank was prepared 

excluding the tissue sample. The sample solution was diluted with deionised 

with deionised water according to need to bring the concentration of element of 

interest into a suitable range.Standard curve was drawn with the help of zinc 

sulfate. 

The absorption was read at 213.9nm, the most sensitive emission 

wavelength of Zinc. A nitrous oxide acetylene flame was used. For the standard 

conditions, the sensitivity was about 0.018µ g-1 ml-1 Zinc typically gave an 

absorbance reading of about 0.12 absorbance unit (about 25% absorption).The 

Zinc content in ppm (parts per million) was calculated as follows: 

Element (ppm) =   (µgml-1 in test solution) (d.f.) (50) 

Where, (d.f.)  =   Dilution factor,  

                                               Final solution volume (ml) 

  Dilution factor =    -------------------------------------------------------                 

                                         Volume of original sample solution used (ml) 

 

Besides this, zinc uptake value was also calculated as follows: ppm in 

dry matter x yield of dry matter (g /pot) = up take of Zn (µg).  
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Statistical Analysis 

Analysis of observations taken on different variables was carried out to 

know the degree of variation among all the treatments. The data were 

statistically analyzed through factorial randomized block design with help of 

Windostat version 9.1 analytical software at the 5% probability level. The result 

obtained through analysis of variance is given in appendix and the skeleton of 

analysis of variance table is given below: 

Table 3.2 Analysis of variance (ANOVA) 

S.No. 
Sources of 

variance (S.V.) 

The degree of 

freedom (d.f.) 

Sum of 

squares 

(S.S.) 

Mean 

sum of 

squares 

(MSS) 

  Calculated  

value 

Table 

value 5% 

1. Replications (r-1)=2     

2. Genotypes (G) (g-1) =1     

3. Treatments (T) (t-1)=5     

4. Interaction (G×T) (G-1)(T-1)= 5     

5. Error (r-1)(t-1)= 10     

6. Total (rt-1)= 17     

 S.E.(m)± = EMS/2 

S.E.(d) ± = 2EMS/r 

 C.D.  = S.E. (d) x t5% at error d.f. 

Where, 

r  = number of replications 

 t  = number of treatments 

E.M.S. = Error mean square 

 S.E. (m) = Standard error of treatment mean 

 S.E. (d)   = Standard error of difference 

 C.D  = Critical difference  
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RESULTS 

 The present investigation was carried out assess the compatibility of 

salicylic acid nutrient composition and water spray under late sown condition 

keeping the objective of investigation in the view a number of observations 

regarding physio-morphological and biochemical parameter recorded at 

different stages of crop growth.   

4.1   Phenophases of Chickpea Genotype (JG 11 and JG 14)   

 The experimental finding was recorded different phenophases of 

chickpea genotype having days to flower initiation, days to 50 % flowering, days 

to pod initiation days to flower end, days to pod end and days to physiological 

maturity during the most of the growth stage. Emphasized on genotypes 

performance, treatment combination and interaction of genotypes with 

treatment combination in responses salicylic acid (SA) nutrient composition and 

water spray under late sown condition. 

4.1.1   Days to Flower Initiation  

 JG14 showed early flower initiation (41.89 days) among the genotype 

varietal deference show statistically at par. However treatment T0, T2, and T4 

were statistically at par.  Although T0 and T2 treatment significantly different 

from T1 T3 and T5   combination. 

 Genotypes and treatment interaction maximum ranges were JG11 (43.66 

days) and minimum (40.33days) in JG14 maximum range (44.33 days) and 

minimum (40.33 days) DFI showed. (Table 4.1 and Figure 3). 

4.1.2   Days to 50% Flowering  

 JG 14 expressed early 50 % flowering (48.17 days) compared to JG11. 

However, treatment combination showed the statistically at par or 

nonsignificant, however maximum days were recorded in   JG11 T3 combination 

and minimum T1 (47.17 days). 
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  Interaction combination in JG11 was recorded maximum in longer days 

(49.67 days) and minimum (47.00 days) However JG14 Interaction combination 

recorded maximum rang (53.00 days) and minimum (47.00 days) respectively 

(Table 4.1 and Figure 3 ). 

4.1.3   Days to Pod Initiation  

 The result showed (Table 4.1 and Figure 3) that among the genotype JG 

14 illustrated early pod initiation (62.00 days). However, treatment combination 

T2 having longer days for pod initiation (69.17 days). Although the treatment T3, 

T4, and T5 show statistically at par (Table 4.1). 

In interaction, JG11 and treatment combinations were recorded 

maximum pod initiation (68.00 days) and minimum (59.00 days). However, 

JG14 combination the maximum range showed (70.33 days) and minimum 

(61.33 days) in T2 and T1 combination (Table 4.1 and Figure 3). 

4.1.4  Days to Flower End  

JG 14 (87.44 days) showed early flower end in comparison to JG 11 

(88.61 days) genotype. The study of this trait in treatment combination longer 

days was recorded in T3 combination (88.83 days) and minimum in T0 and T4 

treatment (87.33days) combination respectively. (Table 4.1 and Figure 3) 

4.1.5  Days to Pod End 

      JG14 showed minimum (95.50 days) for pod end in compared to JG11 

(96.11 days). In interaction T2 combination expressed longer days (96.77 days) 

among the treatment T2 combination so significantly superior. 

 In the JG11 interaction of genotype and treatment were recorded 

maximum range (97.00 days) and minimum (94.66 days). However, JG14 

expressed comparable trends and the minimum pod end (95.00 days) 

respectively. (Table 4.1 and Figure 3) 
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4.1.6 Days to Physiological Maturity  

JG14 showed early physiological maturity assessment to JG11 (100.11 

days).In treatment combination maximum days of maturity showed in  T2 and T3 

combination and expressed statistically at par, however, T1 showed early 

physiological maturity. In genotype and treatment interaction combination JG11 

expressed maximum (101.00 days) and minimum (98.33 days) however JG14 

showed the similar trend. (Table 4.1 and Figure 3) 

4.2  Growth Analysis and Dry Matter Production 

4.2.1 Crop Growth Rate (gcm-2 day-1) 

JG11 and JG14 genotype showed statistically at par. Although treatment 

combination was maximum crop growth rate (CGR) value expressed in T0, T1, 

T2 and T4 combination. However genotype to treatment interaction also 

expressed maximum CGR value in JG 11 (0.40gcm-2day-1) compared from 

JG14 (0.19gcm-2day-1). 

 The maximum CGR showed T2 and T3 combination. JG11 showed a 

minimum and maximum CGR value (0.207 and 0.40gcm-2day-1). However, 

JG14 expressed CGR maximum and minimum showed (0.193 and 0.286gcm-

2day-1) respectively (Table 4.2 and Figure 4). 

4.2.2  Partition Coefficient (p)  

 Genotype JG11 expressed statistically at par (nonsignificant). However, 

treatment combination also showed statistically at par.  

 Genotype treatment interaction in JG11 maximum partition coefficient 

value expressed (0.07%) and minimum (0.03%). Nevertheless, JG14 showed 

maximum value (0.090 %) and minimum (0.03 %) respectively. Genotype 

treatment interaction JG11 superior partition coefficient expressed (0.07%). 

However in JG14 was expressed in (0.09 %) the partitioning coefficient (Table 

4.2 and Figure 4).  
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Table 4.1: Effect of foliar application of water salicylic acid nutrient  
        composition on Chickpea phenology under rainfed and   
         irrigated late sown condition 

 
Genoty

pes 

Flower Initiation 
(Days) 

(50%)Flowerin
g (Days) 

Pod 
Initiation 
(Days) 

Flower 
End 

(Days) 

Pod End 
(Days) 

Physiologi
cal 

Maturity 
(Days) 

Genotypes  (G) 

JG11 42.61 50.44 66.39 88.61 96.11 100.11 

JG14 41.89 48.17 62.00 87.44 95.50 99.67 

SEm+ 0.37 1.10 0.98 0.34 0.29 0.28 

CD 
(5%) 

1.08 3.23 2.88 1.00 0.86 0.82 

Treatment (T) 

T0 44.00 49.00 62.50 87.33 94.83 99.50 

T1 40.33 47.17 60.17 87.67 95.33 99.00 

T2 43.67 50.00 69.17 88.33 96.67 100.83 

T3 41.33 50.17 64.00 88.83 96.00 100.67 

T4 42.83 49.67 64.67 87.33 96.17 100.00 

T5 41.33 49.83 64.67 88.67 95.83 99.33 

SEm+ 0.64 1.90 1.70 0.59 0.50 0.48 

CD 
(5%) 

1.87 5.60 4.99 1.74 1.50 1.41 

Interaction (GXT) 

JG11 T0 43.67 49.00 62.67 87.00 94.67 99.67 

 
T1 40.33 47.33 59.00 86.67 95.33 99.67 

 
T2 43.67 49.67 68.00 88.33 97.00 100.67 

 
T3 41.00 47.33 59.67 87.33 95.33 101.00 

 
T4 42.33 48.67 61.33 86.67 95.33 98.67 

 
T5 40.33 47.00 61.33 88.67 95.33 98.33 

JG14 T0 44.33 49.00 62.33 87.67 95.00 99.33 

 
T1 40.33 47.00 61.33 88.67 95.33 98.33 

 
T2 43.67 50.33 70.33 88.33 96.33 101.00 

 
T3 41.67 53.00 68.33 90.33 96.67 100.33 

 
T4 43.33 50.67 68.00 88.00 97.00 101.33 

 
T5 42.33 52.67 68.00 88.67 96.33 100.33 

 
SEm+ 0.90 2.40 2.40 0.84 0.72 0.68 

 
CD (5%) 2.65 7.05 7.05 2.46 2.11 2.00 
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Table 4.2 : Effect of foliar application of water, salicylic acid and nutrient 

         composition on chickpea genotypes for crop growth rate  

         (CGR) and partitioning coefficient (p) at rainfed and irrigated 

          late sown condition. 

Genotypes CGR  (g cm-2 day-1) Partition coefficient (P %) 

JG11 0.28 0.05 

JG14 0.24 0.06 

SEm+ 0.02 0.01 

CD (5%) 0.07 0.02 

Treatment (T) 

T0 0.30 0.05 

T1 0.28 0.03 

T2 0.25 0.05 

T3 0.24 0.07 

T4 0.26 0.06 

T5 0.22 0.07 

SEm+ 0.04 0.01 

CD (5%) 0.12 0.03 

Interaction (GXT) 

JG11 T0 0.40 0.03 

 T1 0.35 0.03 

 T2 0.22 0.06 

 T3 0.21 0.07 

 T4 0.27 0.06 

 T5 0.23 0.06 

JG14 T0 0.19 0.06 

 T1 0.20 0.03 

 T2 0.29 0.04 

 T3 0.28 0.06 

 T4 0.25 0.06 

 T5 0.21 0.09 

 SEm+ 0.06 0.01 

 CD (5%) 0.17 0.04 
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4.2.3 Number of Nodules Plant-1  

 JG11 and JG14 genotype showed statistically at par. However maximum 

nodules were expressed in T4, T5 and T2 combination. 

 Genotype and treatment interaction JG11 expressed maximum (12.00) 

and minimum (7.00) number of nodules plant-1. However, JG14 expressed a 

maximum number of nodules (21.67) and minimum (9.67) respectively (Table 

4.3 and Figure 5). 

4.2.4  Fresh Weight (g) of Nodules Plant-1  

   Genotype showed statistically at par. However in treatment T3   and T4 

expressed superior combination. Genotype treatment interaction expressed 

statistically at par. JG11 showed maximum fresh weight (0.55 g) and minimum 

(0.20 g). However, JG14 was recorded maximum (1.05 g) and minimum (0.33 

g) nodule fresh weight plant-1 respectively (Table 4.3 and Figure 5).  

4.2.5 Dry Weight (g) of Nodules Plant-1  

 JG11 and JG14 were showed statistically at par. Although nodules dry 

weight were maximum JG14 (0.29g). A treatment combination dry weight of 

nodules plant-1 expressed higher in T4 (0.29 g) on the other hand JG 11 

maximum (0.35 g) and minimum (1.00 g). However, JG14 was recorded 

maximum (0.46 g) and minimum (0.41 g) respectively (Table 4.3 and Figure 5). 

4.2.6  Total Dry Matter Accumulation at Flowering and Maturity (g) 

 JG14 showed statistically significant total dry matter accumulation in 

plant-1 at flowering stage. However in maturity stage expressed statically at par. 

At flowering stage, accumulation was higher in JG14 (14.86 g). However, at 

maturity stage dry matter accumulation was maximum value express in JG11 

(27.44 g) and treatment T5 combination at flowering and maturity stage 

expressed maximum in T2 (31.17 g) combination.  
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Table 4.3: Effect of foliar application of water, salicylic acid and nutrient 

         composition on chickpea genotypes on nodules traits at  

         flowering stage under rainfed and irrigated late sown  

         condition. 

Genotypes No. of Nodules 
Nodules F.W  

(g) 
Nodules D.W 

 (g) 

JG11 9.33 0.35 0.20 

JG14 12.78 0.56 0.29 

SEm+ 2.03 0.13 0.07 

CD (5%) 5.96 0.37 0.19 

 Treatment (T) 

T0 9.17 0.33 0.28 

T1 10.17 0.40 0.16 

T2 11.50 0.33 0.28 

T3 9.33 0.54 0.21 

T4 14.67 0.63 0.29 

T5 11.50 0.50 0.23 

SEm+ 3.52 0.22 0.11 

CD (5%) 10.32 0.65 0.34 

 Interaction (GXT) 

JG11 T0 7.00 0.20 0.35 

 T1 10.00 0.35 0.12 

 T2 12.00 0.34 0.14 

 T3 9.00 0.55 0.27 

 T4 7.67 0.20 0.11 

 T5 10.33 0.45 0.20 

JG14 T0 11.33 0.46 0.22 

 T1 10.33 0.45 0.20 

 T2 11.00 0.33 0.42 

 T3 9.67 0.54 0.14 

 T4 21.67 1.05 0.46 

 T5 12.67 0.55 0.26 

 SEm+ 4.97 0.31 0.16 

 CD (5%) 14.59 0.92 0.47 
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 Genotype treatment interaction table JG11 T3 combination showed 

superior dry matter accumulation (15.83 g) at flowering stage although at 

maturity stage T0 and T2 combination expressed superior dry matter 

accumulation plant-1.  JG11 maximum dry matter accumulation value (15.82 g) 

and minimum (8.22 g) at flowering stage although JG14 maximum dry matter 

accumulation (18.40 g) and minimum (11.21 g) at flowering stage. At maturity 

stage total dry matter accumulation in JG11 maximum (40.00 g) and minimum 

(19.33 g) and JG14 maximum expressed (28.33 g) and minimum (20.66 g) 

respectively (Table 4.4 and Figure 6). 

4.3 Physiological Traits  

4.3.1  Chlorophyll Content Index (CCI) at Flowering and Podfilling Stage 

 JG14 showed maximum value (59.05 SPAD) at flowering stage. 

However, JG11 expressed maximum CCI value (71.06 SPAD). At flowering 

stage, genotypes expressed CCI value statistically significant. Though maturity 

stage expressed statistically at par.  

 The treatment combination T2 showed maximum CCI (60.48 SPAD) at 

flowering stage and T3 expressed (72.63 SPAD) higher value compare to 

among the treatment. 

 Genotype treatment interaction JG11 expressed maximum (55.33 SPAD) 

and minimum (53.43 SPAD) respectively. JG14 expressed maximum (66.33 

SPAD) and minimum (54.60 SPAD). At maturity stage JG11 genotype 

treatment interaction maximum value expressed (73.86 SPAD) and minimum 

(68.70 SPAD). Although JG14 expressed maximum (72.96 SPAD) and 

minimum (68.50 SPAD) value (Table 4.5 and Figure 7). 
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Table 4.4: Responses to foliar application of water, salicylic acid and  

        nutrient composition on chickpea genotypes on total dry matter 

        accumulation (TDMA) plant-1 at flowering and maturity stage 

       under rainfed and irrigated late sown condition. 

Genotypes 
Total Dry Matter 

Accumulation Plant-1  at 
Flowering (g) 

Total Dry Matter 
Accumulation Plant   

at Maturity (g) 

JG11 11.31 27.44 

JG14 14.86 24.33 

SEm+ 0.85 1.15 

CD (5%) 2.49 3.37 

Treatment (T) 

T0 12.91 30.33 

T1 11.55 23.83 

T2 12.15 31.17 

T3 13.85 23.00 

T4 13.32 22.33 

T5 14.73 24.67 

SEm+ 1.47 1.99 

CD (5%) 4.30 5.83 

Interaction (GXT) 

JG11 T0 10.80 40.00 

 T1 11.38 19.33 

 T2 9.92 34.67 

 T3 15.83 20.67 

 T4 8.23 21.67 

 T5 11.71 28.33 

JG14 T0 15.03 20.67 

 T1 11.71 28.33 

 T2 14.38 27.67 

 T3 11.88 25.33 

 T4 18.40 23.00 

 T5 17.74 21.00 

 SEm+ 2.08 2.81 

 CD (5%) 6.09 8.25 
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4.3.2  Membranes Stability Index (MSI)  

 JG11 genotype was express significantly differing from JG14. However, 

the maximum MSI value expressed in T1 combination and minimum MSI was 

observed in T2 combination (26.07 %).  

 Genotype treatment interaction the maximum MSI showed (38.57%) and 

minimum showed (30.17%) in JG11. However JG14 maximum MSI showed 

(31.37%) and minimum (21.97%) minimum MSI recorded T2 combination 

(21.97%) in JG14 genotype (Table 4.5 and Figure 7).  

4.3.3  Relative Water Content (RWC %) at Flowering and Pod Filling Stage 

 JG11 showed maximum water retention capacity in leaves tissue weigh 

against from JG14 at flowering and pod filling stage but genotype variation 

expressed statistically at par or nonsignificant. 

 Treatment combination maximum superior value expressed in (58.88%) 

combination at flowering and T0 (51.37%) expressed at pod filling.  

 Genotype treatment interaction JG11 showed maximum RWC (63.73%) 

and minimum RWC (39.93 %) and JG14 showed maximum (58.57%) and 

minimum (45.60 %) at flowering stage. At pod filling, JG 14 expressed (55.87%) 

maximum and minimum (46.10%). Although JG14 was expressed higher RWC 

(52.33%) and minimum (42.00%). Nevertheless  JG11 at flowering stage T1 

interaction combination retain maximum water in leaves tissue (63.73 %) and 

JG14 expressed T0 (58.57%) at flowering. At maturity maximum RWC recorded 

T2 combination (55.87%) and JG14 retain water in leaves tissue (52.33 %) 

respectively (Table 4.6 and Figure 8). 
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Table 4.5: Effect of foliar application of water, salicylic acid and nutrient 

         composition on chickpea genotypes leaves in chlorophyll  

         content index (CCI) at flowering and pod filling stage and  

          membrane stability index (MSI) at pod filling stage under  

          rainfed and irrigated late sown condition.  

Genotypes 
CCI at 

Flowering 
(SPAD) 

CCI at Pod 
filling 

(SPAD) 
MSI (%) 

JG11 54.24 71.06 34.13 

JG14 59.05 70.58 26.94 

SEm+ 1.46 0.93 1.61 

CD (5%) 4.27 2.73 4.72 

 Treatment (T) 

T0 55.40 71.18 33.65 

T1 54.02 70.33 34.90 

T2 60.48 71.82 26.07 

T3 56.70 72.63 29.88 

T4 57.47 68.70 28.78 

T5 55.82 70.23 29.92 

SEm+ 2.52 1.61 2.78 

CD (5%) 7.40 4.73 8.17 

 Interaction (GXT) 

JG11 T0 53.47 73.87 38.57 

 T1 53.43 71.40 38.43 

 T2 54.33 70.80 30.17 

 T3 55.33 72.30 31.80 

 T4 54.30 68.70 34.43 

 T5 54.60 69.27 31.37 

JG14 T0 57.33 68.50 28.73 

 T1 54.60 69.27 31.37 

 T2 66.63 72.83 21.97 

 T3 58.07 72.97 27.97 

 T4 60.63 68.70 23.13 

 T5 57.03 71.20 28.47 

 SEm+ 3.57 2.28 3.94 

 CD (5%) 10.47 6.69 11.55 
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Table 4.6: Effect of foliar application of water, salicylic acid and nutrient 

         composition on chickpea leaves in relative water content  

          (RWC) at flowering and pod filling stage under rainfed and 

         irrigated late sown condition. 

Genotypes 
RWC (%) 

at  Flowering 
RWC (%) 

at Pod Filling 

JG11 53.17 50.47 

JG14 52.27 48.33 

SEm+ 1.82 1.33 

CD (5%) 5.34 3.91 

Treatment (T) 

T0 54.45 51.37 

T1 58.88 49.28 

T2 50.50 49.08 

T3 44.10 48.48 

T4 52.38 47.63 

T5 55.98 50.55 

SEm+ 3.16 2.31 

CD (5%) 9.26 6.77 

Interaction (GXT) 

JG11 T0 50.33 50.43 

 T1 63.73 49.80 

 T2 55.40 55.87 

 T3 39.93 46.10 

 T4 55.57 51.83 

 T5 54.03 48.77 

JG14 T0 58.57 52.30 

 T1 54.03 48.77 

 T2 45.60 42.30 

 T3 48.27 50.87 

 T4 49.20 43.43 

 T5 57.93 52.33 

 SEm+ 4.46 3.27 

 
CD 

(5%) 
13.09 9.58 
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4.3.4 Photosynthetic Rate (mol Co2
 m-2s-1) 

 Photosynthetic rate (Pn) was maximum in JG14 (25.86) and showed 

statistically at par. In treatment combination, Pn recorded superior in T3 (26.13) 

combination.  

 Genotype and treatment combination JG14 was recorded maximum 

photosynthetic rate (26.70) and minimum (24.25) at pod filling stage. In JG11 T3 

combination expressed superior photosynthetic rate among the genotype 

treatment interaction combination (Table 4.7 and Figure 9). 

4.3.5 Stomatal Conductance (mol H2om-2s-1) 

 JG 11 showed maximum stomatal conductance (gs) (0.37). However, 

treatment T0, T2, T3, and T4 were expressed statistically at par. However T1  

treatment expressed significant differences among other treatment.  

 Genotype and treatment interaction JG11 maximum value showed (0.42 

and minimum (0.28) showed at pod filling stage (Table 4.7 and figure 9). 

4.3.6 Transpiration Rate (m mol H20 m-2s-1) 

 Transpiration rate expressed maximum JG11 (11.70) and expressed 

statistically significant comparison from JG14. Treatment combination T4 and T5 

combination express superior transpiration rate (11.58 ) and (12.35) 

respectively. 

Genotype treatment interaction JG11 expressed maximum transpiration 

rate (13.49) and minimum (9.71). JG14 was illustrated maximum transpiration 

(12.70) and minimum (8.9) at pod filling stage (Table 4.7 and Figure 9). 
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Table 4.7: Effect of foliar application of water, salicylic acid and nutrient 

         composition on chickpea leaves in photosynthetic rate (Pn), 

         stomatal conductance (gs) and transpiration rate (E) at pod 

         filling stage under rainfed and irrigated late sown condition.  

Genotypes  

Photosynthetic 
Rate 

( mol Co2 m
-2 s-1 ) 

Stomatal Conductance  
( mol H2O m-2 s-1 ) 

Transpiration Rate  
(m mol H2O m-2 s-1 )          

JG11 25.39 0.37 11.70 

JG14 25.56 0.35 10.95 

SEm+ 0.21 0.01 0.20 

CD (5%) 0.61 0.03 0.58 

 Treatment (T) 

T0 25.83 0.39 11.01 

T1 24.89 0.31 11.22 

T2 25.75 0.37 10.88 

T3 26.13 0.38 10.91 

T4 25.14 0.37 11.58 

T5 25.14 0.33 12.35 

SEm+ 0.36 0.02 0.34 

CD (5%) 1.05 0.05 1.00 

 Interaction (GXT) 

JG11 T0 25.51 0.38 9.71 

 T1 25.18 0.35 10.43 

 T2 27.25 0.42 13.47 

 T3 26.25 0.42 13.49 

 T4 23.57 0.35 11.09 

 T5 24.59 0.28 12.01 

JG14 T0 26.15 0.39 12.31 

 T1 24.59 0.28 12.01 

 T2 24.25 0.32 8.29 

 T3 26.00 0.33 8.32 

 T4 26.70 0.40 12.07 

 T5 25.68 0.37 12.70 

 SEm+ 0.51 0.02 0.48 

 
CD 

(5%) 1.49 0.07 1.41 
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4.3.7 Intrinsic and Instantaneous Water Use Efficiency (mol mmol-1) 

Intrinsic and instant water use showed a maximum in JG14 instant water 

use efficiency was expressed non- significant among the genotype. 

Nevertheless, JG14 has expressed significance difference in JG11. 

Treatment combination T1 illustrated superior combination (80.93). 

Among the genotype, instantaneous water use efficiency expressed maximum 

in (2.54) in T3 combination. 

Genotype treatment interaction intrinsic water use efficiency JG11 

showed maximum (89.31) and minimum (62.81) and JG14 expressed maximum 

(89.31) and minimum (66.93) respectively. However instantaneous water use 

efficiency was recorded maximum (2.42) and minimum (1.95) in JG11.  JG14 

showed instantaneous WUE maximum (3.13) and minimum (2.02). Intrinsic 

WUE JG11 T5 combination was an express superior value (89.31) among the 

genotype. However JG14 T1 (89.31) combination expressed similar value 

(Table 4.8 and Figure 10). 

4.3.8   Carboxylation Efficiency   [mol m-2 s-1(mol m-1)-1] 

JG11 and JG14 expressed statistically at par. However, treatment 

combination expressed T5 (0.098) superior carboxylation efficiency. 

Nevertheless, genotype treatment interaction JG11 maximum carboxylation 

efficiency (0. 105) minimum (0.088) and JG14 showed maximum carboxylation 

efficiency (0.103) and minimum (0.080) respectively  (Table 4.8 and Figure 10). 
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Table 4.8: Effect of foliar application of water, salicylic acid and nutrient 

         composition on chickpea leaves intrinsic and instantaneous 

        water use efficiency (WUE) and carboxylation efficiency ( CE) at 

       pod filling stage under rainfed and irrigated late sown condition. 

Genotypes 
Intrinsic  WUE 

(mol mmol-1) 

Instantaneous 
WUE 

(mol mmol-1) 

C E 

mol m-2 s-1(mol m-1) -1 

JG11 71.43 2.17 0.094 

JG14 74.68 2.42 0.094 

SEm+ 2.26 0.04 0.002 

CD (5%) 6.63 0.12 0.007 

 Treatment (T) 

T0 67.34 2.27 0.095 

T1 80.93 2.24 0.096 

T2 70.59 2.50 0.093 

T3 70.80 2.54 0.088 

T4 69.60 2.20 0.096 

T5 79.07 2.04 0.098 

SEm+ 3.92 0.07 0.004 

CD (5%) 11.49 0.21 0.013 

 Interaction (GXT) 

JG11 T0 67.75 2.42 0.089 

 T1 72.55 2.42 0.094 

 T2 65.53 2.03 0.105 

 T3 62.81 1.95 0.092 

 T4 70.63 2.16 0.088 

 T5 89.31 2.05 0.097 

JG14 T0 66.93 2.13 0.101 

 T1 89.31 2.05 0.097 

 T2 75.64 2.97 0.080 

 T3 78.79 3.13 0.085 

 T4 68.57 2.24 0.103 

 T5 68.82 2.02 0.098 

 SEm+ 5.54 0.10 0.006 

 CD (5%) 16.25 0.30 0.018 
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4.4  Yield and Yield Components 

4.4.1  Plant Height (cm) at Flowering and Maturity 

JG14 was increased height at flowering (49.78 cm) at maturity (55.17 

cm). However, genotype showed non- significant difference.   

Treatment combination T5, T3, T4, and T1 expressed statistically at par. 

However, T3 and T5 show significant difference among the treatment at 

flowering stage. However at maturity stage T5 (55.83 cm) expressed superior 

value among treatment. 

The interaction genotype with treatment combination JG11 showed 

maximum value (51.00 cm) and minimum (44.00 cm). Although JG14 showed 

maximum (55.00 cm) and minimum (42.66 cm). At maturity stage, JG14 were 

expressed maximum height (56.67 cm) and minimum (52.33 cm) and JG14 was 

recorded maximum height (58.67 cm) and minimum (51.00 cm) (Table 4.9 and 

Figure 11). 

4.4.2  Number of Node and Total Number of Branches Plant-1 

 In a JG14 number of node plant-1 (23.78) and a total number of 

branches (15.44) plant-1 were illustrated higher comparison from JG11 (Table 

4.9 and Figure 11). 

In treatment combination, maximum number of a node expressed T2 

combination from among the treatment. However, the total number of branches 

plant-1 illustrated maximum in T4 (18.50) combination.  

Genotype and treatment interaction number of node plants-1 were 

expressed higher in JG14. Although T4 (26.33) combination was express higher 

no of a node and a total number of branches plant-1 from among the genotype 

and treatment interaction. A total number of branches plants-1 maximum 

expressed in JG14 T4 (19.33) combination and minimum JG11 T2 and T5 

(11.33) combination (Table 4.9 and Figure 11). 
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Table 4.9: Effect of foliar application of water, salicylic acid and nutrient 

         composition on chickpea height at flowering, maturity, the total 

         number of branches Plant-1 and number of node plant-1 at  

          maturity stage under rainfed and irrigated late sown condition. 

Genotypes 

Height 
(cm) 

at 
Flowering 

Height(cm) 
at   Maturity 

Total Number 
of Branches 

Plant-1 

No. of node 
plant-1 

JG11 48.50 54.56 14.11 20.44 

JG14 49.78 55.17 15.44 23.78 

SEm+ 0.86 1.09 0.60 5.00 

CD (5%) 2.52 3.19 1.76 1.45 

 Treatment (T)  

T0 47.17 54.50 15.83 20.83 

T1 49.33 53.50 13.67 20.50 

T2 43.50 55.67 13.33 23.50 

T3 52.00 52.50 15.67 23.00 

T4 50.67 57.17 18.50 22.00 

T5 52.17 55.83 11.67 22.83 

SEm+ 1.49 1.88 1.04 1.50 

CD (5%) 4.37 5.52 3.05 2.51 

 Interaction (GXT)  

JG11 T0 47.67 54.00 13.67 19.00 

 T1 49.33 52.33 16.00 20.33 

 T2 44.33 56.67 11.33 22.33 

 T3 51.00 54.00 14.67 22.00 

 T4 49.33 55.67 17.67 17.67 

 T5 49.33 54.67 11.33 21.33 

JG14 T0 46.67 55.00 18.00 22.67 

 T1 49.33 54.67 11.33 20.67 

 T2 42.67 54.67 15.33 24.67 

 T3 53.00 51.00 16.67 24.00 

 T4 52.00 58.67 19.33 26.33 

 T5 55.00 57.00 12.00 24.33 

 SEm+ 2.11 2.66 1.47 1.74 

 CD (5%) 6.18 7.80 4.32 0.27 
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4.4.3 Number of Pods Plant-1 

JG11 showed a higher number of the pod (57.33) and significantly differ 

from JG14. However, treatment T1 combination expressed a higher number of 

pod plant-1 (62.33).  

The treatment T2 significantly superior combination from among the 

treatment T1, T2, T5, T0, and T4 showed statistically at par. However T1 

significantly difference from the T3 combination. 

In the interaction of genotype to treatment combination, the JG11 

maximum number of a pod (70.67) and minimum (34.67) were expressed. 

However, JG14 was recorded the total number of pod plants-1 maximum (54.33) 

and minimum (34.00) (Table 4.10 and Figure 12). 

4.4.4 Seed Weight Plant-1 and Hundred (100) Seed Weight (g) 

     JG11 were recorded higher seed weight (14.78 g) and 100 seed weight 

(23.78 g) weigh against from JG14 both traits expressed statistically at par. 

In treatment T0 gain higher seed weight compares from among the 

treatment. Although hundred (100) seed weight showed higher in T5   

combination.  Nevertheless, treatment combination expressed statistically at 

par. 

Genotype and treatment interaction in seed weight plant-1 T0 and T2 

combination expressed similar value (17.33) in JG11. However JG14 T1 

combination expressed higher seed weight plant-1 (16.67). JG11 was recorded 

maximum (17.33) and minimum (11.33) seed weight plant-1. However, JG14 

articulated maximum (16.67) and minimum (12.00) seed weight plant-1. 

Although JG11 showed maximum (24.33) and minimum (22.66) hundred (100) 

seed weight. However, JG14 was recorded maximum (25.00) and minimum 

(17.66) hundred (100) seed weight (Table 4.10 and Figure 12). 
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Table 4.10: Effect of foliar application of water, salicylic acid and nutrient 

           composition on chickpea genotypes a total number of pod 

  plant-1, seed weight plant-1 and hundred seed weight under 

  rainfed and irrigated late sown condition.  

Genotypes 
Total Number of 

Pod Plant-1 
Seed Weight (g) 

Plant-1 
Hundred (100) 

Seed Weight (g) 

JG11 57.33 14.78 23.78 

JG14 48.11 13.78 23.11 

SEm+ 3.49 0.88 1.00 

CD (5%) 10.25 2.59 2.94 

 Treatment (T) 

T0 49.67 15.50 24.17 

T1 62.33 14.50 24.00 

T2 58.67 15.17 23.67 

T3 44.17 14.33 20.17 

T4 48.00 11.67 24.17 

T5 53.50 14.50 24.50 

SEm+ 6.05 1.53 1.73 

CD (5%) 17.75 4.49 5.09 

 Interaction (GXT) 

JG11 T0 52.00 17.33 23.67 

 T1 70.33 12.33 24.00 

 T2 70.67 17.33 24.33 

 T3 34.67 13.67 22.67 

 T4 62.00 11.33 24.00 

 T5 54.33 16.67 24.00 

JG14 T0 47.33 13.67 24.67 

 T1 54.33 16.67 24.00 

 T2 46.67 13.00 23.00 

 T3 53.67 15.00 21.67 

 T4 34.00 12.00 24.33 

 T5 52.67 12.33 25.00 

 SEm+ 8.56 2.16 2.45 

 CD (5%) 25.11 6.35 7.19 
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4.4.5 Biological Yield (kg ha-1)  

  JG14 showed higher biological yield (5373.30 kg/ha.) as a comparison 

from JG11 although genotype expressed non-significant difference. 

In treatment combination, T0 expressed maximum biological yield 

(5623.61) from among the treatment. 

Genotype and treatment interaction the maximum biological yield was 

recorded in JG11 T4 (5647.22 kg/ha.) and JG14 T3 (6150.00). Although JG11 

expressed maximum biological yield (5647.22 kg/ha.) and minimum (3297.22). 

However, JG14 maximum biological yield was recorded (6150.00) and 

minimum (3982.40 kg/ha.) (Table 4.11 Figure 13). 

4.4.6   Seed Yield (kg ha-1) 

JG14 showed significantly higher seed yield comparison from JG11. 

Although JG14 was recorded superior seed yield (1765.90 kg/ha.) in 

comparison to JG11. 

Treatment combination T0, T2, T4, and T5 showed statistically at par but 

T1 and T3  were expressed significantly difference from T0 combination. 

Genotype and treatment interaction JG11 were recorded superior seed 

yield in T0 and T4 and T1 combination. However, JG14 showed superior seed 

yield in   T2 and T5 combination. Although JG11 expressed maximum seed yield 

(1874.99) and minimum (1061.11) and JG14 maximum seed yield (2135.19) 

and minimum (1248.15) respectively (Table 4.11 and Figure 13). 

4.4.7 Harvest Index (%) 

JG14 showed superior harvesting index (34.58%) comparison from 

JG11. In genotype expressed non- significant difference among the genotype. 

Treatment combination superior expressed T5 (38.87%) combination and 

minimum T3 combination (30.67%). 
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Table 4.11: Effect of foliar application of water, salicylic acid and nutrient 

          composition on biological yield, seed yield and harvest index 

          (HI) under rainfed and irrigated late sown chickpea genotypes. 

Genotypes 
Biological  Yield 

(kgha-1) 
Seed Yield 

(kgha-1) 
Harvest Index 

(%) 

JG11 4837.04 1454.01 31.18 

JG14 5373.30 1765.90 34.58 

SEm+ 272.00 97.33 2.19 

CD (5%) 797.77 285.45 6.43 

 Treatment (T) 

T0 5623.61 1910.65 34.15 

T1 4785.19 1412.04 31.35 

T2 5484.72 1727.78 31.25 

T3 4723.61 1359.26 30.67 

T4 5445.37 1697.22 31.00 

T5 4568.52 1552.78 38.87 

SEm+ 471.13 168.58 3.80 

CD (5%) 1381.77 494.42 11.14 

 Interaction (GXT) 

JG11 T0 5525.93 1875.00 34.13 

 T1 4415.74 1575.93 37.44 

 T2 4981.48 1320.37 26.82 

 T3 3297.22 1061.11 34.50 

 T4 5647.22 1643.52 28.93 

 T5 5154.63 1248.15 25.26 

JG14 T0 5721.29 1946.30 34.17 

 T1 5154.63 1248.15 25.26 

 T2 5987.96 2135.19 35.68 

 T3 6150.00 1657.41 26.84 

 T4 5243.52 1750.93 33.07 

 T5 3982.41 1857.41 52.47 

 SEm+ 666.28 238.40 5.37 

 CD (5%) 1954.12 699.21 15.74 
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Genotype and treatment interaction in JG11 showed maximum (37.44%) 

and minimum (25.26%) and JG14 expressed maximum (52.47%) and minimum 

(25.26%) harvesting index respectively (Table 4.11 and Figure 13). 

4.5 Biochemical Analysis of JG11 and JG14 Chickpea Seed 

4.5.1   Nitrogen (%) 

JG14 showed higher nitrogen (3.76%) compare from JG11. The 

genotype expressed statistically at par. 

In treatment combination maximum value expressed T1 combination 

(3.81) among the other treatment. 

Genotype and treatment Interaction the superior value expressed in 

JG14 T1 combination (3.89%). However, JG11 also expressed superior T1 

combination with genotype and treatment interaction. However maximum and 

minimum value was expressed (3.89%) and (3.46%) respectively (Table 4.12 

and Figure 14). 

4.5.2   Protein (%) 

Protein content in JG14 (23.52%) was expressed superior and significant 

differences from JG11.  

The treatment combination T1 (23.83%) was superior to the treatment. 

Treatment was showed statistically at par. 

Genotype treatment interaction in JG14 T1 combination showed higher protein 

(24.37%) comparison from among the genotype with treatment interaction. 

JG11T3 combination was illustrated minimum protein content (20.97%) (Table 

4.12 and Figure 14). 

4.5.3   Carbohydrate (%) 

The carbohydrate content was higher in JG11 (54.49%) comparison from 

JG14. Although genotypic ally expressed statistically at par. 

Treatment combination T3 (58.78%) expressed superior carbohydrate 

level among the treatment. 
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Genotype and treatment interaction carbohydrate was maximum 

(58.97%) and minimum (51.85%) in JG11 genotype. However, JG14 genotype 

showed maximum carbohydrate (58.60%) and minimum (51.72%). 

Nevertheless, JG14 T0 combination was recorded (58.96%) carbohydrate 

comparison from other among the genotype with treatment interaction (Table 

4.12 and Figure 14). 

4.5.4   Proline (µmolg-1) 

JG14 were expressed higher proline content comparison from JG11. 

Although genotypic ally showed statistically at par. 

In treatment, T2 combination was higher proline content (0.905) in 

chickpea seed among the other treatment. 

Genotype and treatment interaction JG14 T2 combination were illustrated 

higher proline content (0.947) in seed comparison from other genotype and 

treatment interaction (Table 4.13 and Figure 15). 

4.5.5 Fiber and Fat (%) 

 JG14 showed higher fiber content (17.00%) comparison from JG11. 

Although genotype variation showed statistically at par. In fat content was 

higher in JG11 (11.59%) compare from JG14. Nevertheless, JG 11 showed a 

significant difference from JG14. 

 In treatment combination, T5 was illustrated higher fiber content (19.10%) 

in chickpea seed. However, T3, T5, T1, and T4 showed significantly at par. In fat 

content was recorded higher in T1 (13.00%) among the treatment. T1, T5, T4, T0. 

 Genotype and treatment interaction in JG11  expressed maximum fiber 

(18.70%) and minimum (14.29%). Although JG14 showed maximum (19.50%) 

and minimum (14.55%). In JG14 fat content were recorded maximum (11.00%) 

and minimum (8.00%).  Although JG11 T1 combination was recorded maximum 

fat content (15.00%) and minimum showed in T2 combination (9.00%) 

respectively (Table 4.13 and Figure 15). 
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Table 4.12: Effect of foliar application of water,  salicylic acid and nutrient 

  composition on Chickpea genotypes level of nitrogen, protein 

  and carbohydrate per cent under rainfed and irrigated late 

  sown condition. 

Genotypes Nitrogen (%) Protein (%) Carbohydrate (%) 

JG11 3.57 22.31 54.49 

JG14 3.76 23.52 54.31 

SEm+ 0.28 1.80 1.17 

CD (5%) 0.26 1.60 3.44 

 Treatment (T) 

T0 3.76 23.47 53.41 

T1 3.81 23.83 53.61 

T2 3.74 23.40 53.57 

T3 3.61 22.55 58.78 

T4 3.55 22.17 53.88 

T5 3.53 22.07 53.15 

SEm+ 0.12 0.91 2.03 

CD (5%) 0.44 2.78 5.95 

 Interaction (GXT) 

JG11 T0 3.66 22.90 55.10 

 T1 3.73 23.30 55.37 

 T2 3.65 22.83 52.00 

 T3 3.36 20.97 58.96 

 T4 3.56 22.23 53.65 

 T5 3.46 21.63 51.85 

JG14 T0 3.85 24.03 51.72 

 T1 3.89 24.37 51.85 

 T2 3.83 23.97 55.14 

 T3 3.86 24.13 58.60 

 T4 3.53 22.10 54.11 

 T5 3.60 22.50 54.44 

 SEm+ 10.00 0.65 2.87 

 CD (5%) 0.63 3.93 8.42 

 



62 
 

Table 4.13: Effect of foliar application  of water, salicylic acid and nutrient 

  composition on chickpea genotypes on level of proline, fiber 

  and fat under rainfed and irrigated late sown condition. 

Genotypes Proline ( µmolg-1  ) Fiber (%) Fat (%) 

JG11 0.819 16.88 11.39 

JG14 0.879 17.00 9.44 

SEm+ 0.09 0.92 0.83 

CD (5%) 0.11 2.69 2.43 

 Treatment (T) 

T0 0.835 15.85 10.17 

T1 0.87 17.40 13.00 

T2 0.905 14.42 8.50 

T3 0.878 19.10 9.00 

T4 0.775 16.90 10.83 

T5 0.83 17.94 11.00 

SEm+ 0.06 1.59 1.44 

CD (5%) 0.191 4.65 4.21 

 Interaction (GXT) 

JG11 T0 0.813 16.04 11.33 

 T1 0.847 17.14 15.00 

 T2 0.863 14.30 9.00 

 T3 0.863 18.70 9.67 

 T4 0.747 17.42 12.33 

 T5 0.78 17.66 11.00 

JG14 T0 0.857 15.66 9.00 

 T1 0.893 17.66 11.00 

 T2 0.947 14.55 8.00 

 T3 0.893 19.50 8.33 

 T4 0.803 16.38 9.33 

 T5 0.88 18.22 11.00 

 SEm+ 0.02 2.24 2.03 

 CD (5%) 0.27 6.58 5.96 
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4.5.6   Potassium (mg100g-1) 

 JG14 showed higher potassium content (1222.07) comparison from 

JG11. Although genotype variation showed significant  differences. 

 In treatment T5 (1213.72) combination was expressed higher among the 

other treatment. However, T5, T2, T3, and T2 showed statistically at par. 

 Genotype and treatment interaction JG14 expressed T2 (1307.47) 

combination higher potassium content weigh against from among interaction. 

The JG11 was illustrated minimum T0 (1006.20) and maximum T5 (1223.67) 

combination in potassium content of the seed.  Although T5  expressed 

significant differences from the T0 and T4 combination (Table 4.14 and Figure 

16). 

4.5.7   Calcium (mg100g-1) 

JG14 expressed higher calcium content (188.82) measure up to from 

JG11. Although genotype variation expressed significantly difference. 

In treatment T3 (183.52) showed superior and higher content among the 

other treatment although treatment combination showed statistically at par. 

Genotype and treatment interaction JG14 was recorded higher calcium 

content in T2 (210.30) combination from genotype with treatment interaction. 

JG11 expressed minimum T2 (136.97) and maximum (165.17) calcium content 

in chickpea seed (Table 4.14 and Figure 16). 

4.5.8   Sodium (mg100g-1) 

Maximum sodium content was recorded in JG14 (12.66) and genotypic 

ally showed statistically at par.  

 Treatment combination T2 and T3 were showed statistically nonsignificant. 

However, T0, T1, T4, and T5 were illustrated significantly different from the T2 

combination. 

Genotype and treatment interaction JG11 was recorded maximum 

(22.43) and minimum (20.28) sodium content. However, JG14 maximum  
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Table 4.14: Effect of foliar application of water, salicylic acid and nutrient 

  composition on potassium, calcium, and sodium in per 100g 

  of seed under rainfed and irrigated late sown condition of 

  chickpea genotypes. 

Genotypes 
Potassium 
(mg100g-1) 

Calcium 
(mg100g-1) 

Sodium 
(mg100g-1) 

JG11 1105.67 148.75 21.35 

JG14 1222.07 188.82 21.68 

SEm+ 17.05 5.04 0.17 

CD (5%) 50.00 14.78 0.50 

 Treatment (T) 

T0 1112.08 161.62 21.55 

T1 1142.47 167.45 21.05 

T2 1201.07 173.63 22.52 

T3 1198.45 183.52 21.68 

T4 1115.45 161.92 21.25 

T5 1213.72 164.58 21.05 

SEm+ 29.53 8.73 0.29 

CD (5%) 86.60 25.60 0.86 

 Interaction (GXT) 

JG11 T0 1006.20 142.90 21.70 

 T1 1093.37 155.47 20.83 

 T2 1094.67 136.97 22.43 

 T3 1090.20 165.17 21.23 

 T4 1125.93 140.20 21.00 

 T5 1223.67 151.80 20.90 

JG14 T0 1217.97 180.33 21.40 

 T1 1191.57 179.43 21.27 

 T2 1307.47 210.30 22.60 

 T3 1306.70 201.87 22.13 

 T4 1104.97 183.63 21.50 

 T5 1203.77 177.37 21.20 

 SEm+ 41.76 12.35 0.41 

 CD (5%) 122.48 36.21 1.22 
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Content (22.60) and minimum (21.20) showed respectively (Table 4.14 and 

Figure 16). 

4.5.9   Copper (mg100g-1) 

JG14 was recorded higher copper content measure up to from JG11 and 

showed statistically at par. 

The treatment T0 and T3 combination were expressed significantly differ 

from T1, T2, T4 and T5 combination respectively. 

Genotype and treatment interaction JG11 was recorded maximum 

cupper content (1.33) and minimum (0.93). However, JG14 showed maximum 

copper content (1.43) and minimum (0.96) respectively (Table.15 and Figure 

17). 

4.5.10   Zinc (mg100g-1) 

Zinc content was recorded higher in JG14 and showed statistically 

significant differences from JG11. 

Treatment combination JG14 (4.97) was illustrated superior among the 

other treatment. 

Genotype and treatment interaction JG11 was recorded maximum (4.83) 

and minimum (3.13) zinc content in seed. However, JG14 maximum (5.10) and 

minimum (3.4) were recorded zinc content in chickpea seed (Table 4.15 and 

Figure 17). 

4.5.11   Iron (mg100g-1) 

JG 14 showed higher iron content (6.16) comparison from JG11 and 

genotypic ally showed statistically significant. 

Treatment combination T1, T2, T3, T4, and T5 showed statistically at par. 

However, T3 and T4 showed significantly differ from T0, T1, T2 and T5 

combination. 

Genotype and treatment interaction JG11 showed maximum (5.70) and 

minimum (4.83) iron content. However, JG14 expressed in maximum (6.70) and 
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minimum (5.46) iron content in seed. The overall maximum iron content was 

recorded in JG14 T3 (6.70) combination among the genotype with treatment 

interaction (Table 4.15 and Figure 17).  

4.5.12   Manganese (mg100g-1) 

JG 14 was recorded higher (3.64) manganese content and showed 

statistically significant difference from JG11. 

Treatment T5 combination was illustrated superior manganese content 

from among other treatments. 

Genotype and treatment interactions were recorded maximum (3.83) and 

minimum (2.93) in JG11. Nevertheless, JG14 showed maximum (4.07) and 

minimum (3.33) manganese content in chickpea seed (Table 4.15 and Figure 

17).   
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Table 4.15 :  Effect of foliar application of water, salicylic acid and nutrient 

  composition on chickpea in the content of copper, zinc, iron, 

  and manganese in per 100g of seed under rainfed and  

  irrigated late sown condition. 

Genotypes 
Copper 

(mg100g-1) 
Zinc 

(mg100g-1) 
Iron 

(mg100g-1) 
Manganese 
(mg100g-1) 

JG11 1.15 3.85 5.34 3.50 

JG14 1.17 4.18 6.16 3.64 

SEm+ 0.07 0.13 0.17 0.13 

CD (5%) 0.21 0.38 0.49 0.39 

 Treatment (T)  

T0 1.35 3.42 5.15 3.13 

T1 0.95 4.03 5.60 3.52 

T2 1.05 3.77 5.90 3.73 

T3 1.32 4.00 6.20 3.65 

T4 1.18 4.97 6.02 3.62 

T5 1.12 3.92 5.63 3.77 

SEm+ 0.12 0.22 0.29 0.23 

CD (5%) 0.36 0.65 0.85 0.67 

 Interaction (GXT)  

JG11 T0 1.27 3.40 4.83 2.93 

 T1 0.93 4.00 5.37 3.63 

 T2 0.93 3.13 5.20 3.40 

 T3 1.27 4.13 5.70 3.40 

 T4 1.33 4.83 5.37 3.80 

 T5 1.17 3.60 5.60 3.83 

JG14 T0 1.43 3.43 5.47 3.33 

 T1 0.97 4.07 5.83 3.40 

 T2 1.17 4.40 6.60 4.07 

 T3 1.37 3.87 6.70 3.90 

 T4 1.03 5.10 6.67 3.43 

 T5 1.07 4.23 5.67 3.70 

 SEm+ 0.17 0.31 0.41 0.32 

 CD (5%) 0.51 0.92 1.20 0.95 
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DISCUSSION 

The global chickpea (Cicer arietinum L.) is a secondly grown pulse crop 

an internationally with a total production of 14.2 million tons from an area of 

14.8 million ha and a productivity of 0.96 t ha-1. The major growing countries 

including India, Australia, Pakistan, Turkey, Myanmar, Ethiopia, Iran, Mexico, 

Canada, and the United States. India, the largest chickpea producing country, 

accounts for about 68% of the global production. 

These improved pulse varieties will be of critical importance, especially 

for low-input agricultural production systems. Pulses also help mitigate climate 

change by reducing dependency on synthetic fertilizers by Russel, (2015).  

Important legume crop suffers major yield losses by terminal heat stress and 

terminal drought stress (DS). Are major abiotic factors in chickpea growing 

stages. Therefore need stronger root system in drought an important trait for 

yields but this understanding remains controversial. To understand precisely the 

root traits contribution towards yield, according to Purushothaman et al. 2017, 

proposed to be the best selection strategy, for an efficient water use and an 

enhanced terminal drought tolerance in chickpea. Abiotic stresses problem 

overcome the stress by foliar application SA, Nutrient composition and water 

therefore formulated experiment on present investigation focused on “Response 

of foliar application of water salicylic acid of chickpea genotypes and nutrient on 

physiology growth and productivity under rainfed and irrigated late sown 

condition” Where moisture is inadequate for achieving the crop yield potential, 

selecting genotypes for wide adaptation and high stability across variable 

environments is a useful strategy, which ensures the production of an economic 

yield under variable soil moisture conditions. Responses to genotypic behavior 

on different water levels (Rainfed and irrigated) for their seed yield and another 

Morpho- physiological traits changes as water level increased or decreases as 

specific stages.  JG11 and JG14 responses with treatment combination along 

with or without irrigation (rainfed) along with exposed water at 7th days before 

50% flowering. This can be attributed to irrigated condition, which resulted in 
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disproportionate vegetative growth, causing poor flower setting, prolong flower 

setting days, increase inter -nodal length, biomass and grain yield reduction 

were noticed. This was reflected in the reduction of the harvest index values as 

well as on smaller pods and seeds produced when soil moisture increased. The 

experimental finding expressed similar result reported by Saxena and Yadav, 

(1976)  

Salicylic acid showed significant responses in biochemical, physiological 

and molecular mechanism under abiotic stress tolerant plant similar finding by 

Khan et al. 2015. The dry matter accumulation and seed yield also influenced 

by the foliar application of SA, Nutrient composition and water spraying similar 

result to find out by (Pandey et al. 2016). With this background, the present 

investigation was carried out and the results obtained are discussed in the 

following subheads.  

5.1  Phenophases of Chickpea Genotypes 

5.2  Growth Analysis and Dry Matter Production 

5.3  Physiological Traits 

5.4  Yields and Yield Components 

5.5  Biochemical Analysis 

5.1  Phenophases of Chickpea Genotypes 

  A phenol phases can be defined as an observable stage or phase in the 

annual life cycle of a plant that can be defined by a start and end point. The 

occurrence of a phenological event can be pinpointed to a single data and time. 

5.1.1  Days to Flower Initiation (DFI) 

  The Foliar application of water salicylic acid and nutrient composition on 

chickpea phenology expressed in JG14 was bear early flower initiation (41.89 

days) among the genotype, however, treatment combination was statistically at 

par. Although genotypes and treatment interaction maximum  ranges were 

JG11 (43.66 days) and minimum (40.33 days) and JG14 maximum range 
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(44.33 days) and minimum (40.33 days) DFI (Table 4.1 and Figure 3). The 

similar finding showed days to first flowering in chickpea genotypes by (Patel 

and Hemantranjan, 2012). The early flower initiation provides the plants to have 

the longer reproductive period which may enhance the economic output 

provided the seed development occurs early and pod filling rate was most 

favorable. Photo-thermal unit and relative temperature depression indicated that 

involvement of gene action and possibilities of effective selection for 

improvement of these traits reported by Kumar et al. (2017). 

5.1.2 Days to 50% Flowering (DFF) 

  The present investigation on the foliar application on JG 14 expressed 

early 50 % flowering (48.17 days). However, treatment combination showed the 

statistically at par or not significant, however maximum days were recorded in 

JG11 T3 combination. In the present of nutrient and SA responses extend the 

flower retention capacity in JG11. Interaction combination in JG11 was 

recorded maximum in longer days (49.67 days) and minimum (47.00 days) 

However JG14 recorded maximum rang (53.00 days) (Table 4.1 and Figure 3). 

However under stress in chickpea, reproductive success under salt stress has 

been associated with the production of more tertiary branches and flowers, 

(Kotula et al. 2015). 

5.1.3  Days to Pod Initiation (DPI) 

 JG 14 illustrated early pod initiation (62.00days). However, treatment 

combination T2 having longer days for pod initiation (69.17 days). In interaction, 

JG11 and treatment combinations were recorded maximum pod initiation (68.00 

days) and minimum (59.00 days). However, JG14 combination the maximum 

range showed (70.33days) and minimum (61.33 days) in T2 and T1 combination 

(Table 4.1 and Figure 3). SA and nutrient component and water spraying 

produced an increasing trend of DPI rate. Although increased grain yields under 

abiotic stress. The similar result finds out by (Khan et al. 2016). 
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5.1.4  Days to Flower End (DFE) 

JG 14 (87.44 days) showed early flower end. The study of this trait in 

treatment combination longer days was recorded in T3 combination (88.83 

days) and minimum in T0 and T4 treatment (87.33days) combination (Table 4.1 

and Figure 3). Nutrient and SA combination were expressed prolong days and 

retention of the flower. The time to the first flower was significantly shortened 

under mild temperature stress (MTS) in the chickpea genotypes, flower abortion 

increased showed similar result by Bahuguna et al. (2012). 

5.1.5  Days to Pod End (DPE) 

JG14 showed minimum period (95.50 days) for pod end in compared to 

JG11 (96.11 days). In interaction T2 combination expressed longer days (96.77 

days) among the treatment T2 combination so significantly superior. In the JG11 

interaction of genotype and treatment were recorded maximum range (97.00 

days) and minimum (94.66 days). However, JG14 expressed comparable 

trends and the minimum pod end (95.00 days) respectively (Table 4.1 and 

Figure 3). The first pod was significantly shortened under mild temperature 

stress (MTS) in both the chickpea genotypes, while pod set and pod growth rate 

decreased. Moreover, slow pod growth rate in the MTS treatment decreased 

seed number, seed size and seed weight plant-1 reported by (Bahuguna et al. 

2012). 

5.1.6  Days to Physiological Maturity (DPM) 

 JG14 showed early physiological maturity assessment to JG11 (100.11 

days).In treatment combination maximum days of maturity showed in  T2 and T3 

combination and expressed statistically at par, however, T1 showed early 

physiological maturity. In genotype and treatment interaction combination JG11 

expressed maximum (101.00 days) and minimum (98.33 days) however JG14 

showed the similar trend. (Table 4.1 and Figure 3).The Dry matter partitioning 

was determined from the dry mass of individual plant parts as a percentage of 

total plant dry mass at physiological maturity. Under high temperature by more 
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dry matter partitioning towards pods instead of temperature induced partitioning 

towards vegetative plant parts reported by Rai et al. (2016).  

5.2  Growth Analysis and Dry Matter Production 

5.2.1  Crop Growth Rate (gcm-2 day-1) 

 In present investigation crop growth rate in JG 11  showed statistically at 

par with JG 14.However genotype to treatment interaction  expressed maximum 

GCR value in JG 11 (0.40 gcm-2day-1) compared from JG14 (0.19 gcm-2day-1). 

The maximum GCR showed T2 and T3 combination. However JG14 expressed 

CGR maximum and minimum showed (0.193 and 0.286 gcm-2 day-1) 

respectively (Table 4.2 and Figure 4) However SA and nutrient component have 

provided strengthening and internal mechanism to protect and developed 

systemic acquired resistant chickpea plant in compared to without used of SA 

and nutrient component similar pattern for CGR in genotypic differences were 

noticed by Pandey et al. (2016). 

5.2.2  Partition Coefficient (p)  

 JG11 expressed statistically at par with JG14. Genotype treatment 

interaction in JG11 maximum partition coefficient value expressed (0.07 %) and 

minimum (0.03%). Nevertheless, JG14 showed maximum value (0.090 %) and 

minimum (0.03 %) respectively (Table 4.2 and Figure 4). Salicylic acid sprayed 

as individual and in combination at vegetative and flowering stages revealed 

that combined applications of 2 % DAP+100 ppm salicylic acid+0.05 % sodium 

molybdate increased the yield attributes (partitioning coefficient 49.18 %) per 

plant in green gram similar pattern find out by (Kuttimani and Velayutham, 

2011). In the portioning coefficient was distinguishing genotypic difference 

showed by finding Pandey et al. (2016). 

5.2.3  Number of Nodules Plant-1 

 JG11 and JG14 genotype showed statistically at par. However maximum 

nodules were expressed in T4, T5 and T2 combination. Genotype and treatment 

interaction JG11 expressed maximum (12.00) and minimum (7.00) number of 
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nodules plant-1. However, JG14 expressed a maximum number of nodules 

(21.67) and minimum (9.67) respectively (Table 4.3 and Figure 5). The legume-

rhizobium symbiosis, rhizobia form nodules on the roots of legume hosts and fix 

dinitrogen (N2) into ammonium (NH4 +) and other chemically active forms of 

nitrogen according to Galloway et al. (2013). 

5.2.4  Fresh Weight of Nodules Plant-1 (g) 

 Genotype showed statistically at par. Genotype treatment interaction 

expressed statistically at par. JG11 showed maximum fresh weight (0.55 g) and 

minimum (0.20 g). However, JG14 was recorded maximum (1.05 g) and 

minimum (0.33 g) nodule fresh weight plant-1 respectively (Table 4.3 and Figure 

5). According to Regus et al. (2017). Deposition intensity was tightly correlated 

with nitrogen concentration in soils. The growth benefits of rhizobial nodulation 

were dramatically reduced by even modest levels of mineral nitrogen. 

5.2.5  Dry Weight of Nodules Plant-1 (g) 

  JG11 and JG14 were showed statistically at par. Although nodules dry 

weight were maximum JG14 (0.29g). The treatment combination dry weight of 

nodules plant-1 expressed higher in T4 (0.29 g) on the other hand JG 11 

maximum (0.35 g) and minimum (1.00 g). However, JG14 was recorded 

maximum (0.46 g) and minimum (0.41 g) respectively (Table 4.3 and Figure 

5).The similar finding showed by the foliar application of salicylic acid (SA), 

used an increase of nodule dry mass and leg hemoglobin content was recorded 

in chickpea plants (Hayat et al. 2012).  

5.2.6  Total Dry Matter Accumulation at Flowering and Maturity (g) 

 JG14 showed statistically significant total dry matter accumulation in 

plant-1 at flowering stage. However in maturity stage expressed statically at par. 

At flowering stage, accumulation was higher in JG14 (14.86 g). However, at 

maturity stage dry matter accumulation was maximum value express in JG11 

(27.44 g) and treatment T5 combination at flowering and maturity stage 

expressed maximum in T2 (31.17 g) combination. Genotype treatment 
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interaction table JG11 T3 combination showed superior dry matter accumulation 

(15.83 g) at flowering stage although at maturity stage T0 and T2 combination 

expressed superior dry matter accumulation plant-1. (Table 4.4 and Figure 6). 

According to Rai et al. (2016). Dry matter partitioning was determined from the 

reported that dry mass of individual plant parts as a percentage of total plant dry 

mass at physiological maturity. The biomass partitioning was more towards 

vegetative plant parts attributing enhanced biomass. 

5.3  Physiological Traits 

5.3.1  Chlorophyll Content Index (CCI) at Flowering and Podfilling Stage 

           JG14 showed maximum value (59.05 SPAD) at flowering stage. 

However, JG11 expressed maximum CCI value (71.06 SPAD). At flowering 

stage, genotypes expressed CCI value statistically significant. Though pod 

filling stage expressed statistically at par. The treatment combination T2 showed 

maximum CCI (60.48 SPAD) at flowering stage and T3 expressed (72.63 

SPAD) higher value compare to among the treatment. Genotype treatment 

interaction JG11 expressed maximum (55.33 SPAD) and minimum (53.43 

SPAD) respectively. JG14 expressed maximum (66.33 SPAD) and minimum 

(54.60 SPAD). At pod filling stage JG11 genotype treatment interaction 

maximum value expressed (73.86 SPAD) and minimum (68.70 SPAD). 

Although JG14 expressed maximum (72.96 SPAD) and minimum (68.50 SPAD) 

value (Table 4.5 and Figure 7) Due to more accumulation of starch at pod filling 

stage showed higher SPAD value at pod filling stage and foliar application of 

SA and nutrient enhanced the CCI similar result reported by (Trankner et al. 

2017). 

5.3.2  Membranes Stability Index (MSI) 

 JG11 genotype was express significantly differing from JG14. However, 

the maximum MSI value expressed in T1 combination and minimum MSI was 

observed in T2 combination (26.07 %). Genotype treatment interaction the 

maximum MSI showed (38.57%) and minimum showed (30.17%) in JG11. 

However, JG14 maximum MSI showed (31.37%) and minimum (21.97%) 
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minimum MSI has recorded T2 combination (21.97%) in JG14 genotype (Table 

4.5 and Figure 7). The membrane stability was drastically reduced under 

imposed water deficit stress. However foliar application of SA and Nutrient 

component during rainfed maintained higher MSI values over the water deficit 

stress similar result report by Vineeth et al. ( 2017). 

5.3.3  Relative Water Content (RWC %) at Flowering and Pod Filling Stage 

JG11 showed maximum water retention capacity in leaves tissue weigh 

against from JG14 at flowering and pod filling stage but genotype variation 

expressed statistically at par or nonsignificant. Treatment combination 

maximum superior value expressed in (58.88%) combination at flowering and 

T0 (51.37%) expressed at pod filling. Genotype treatment interaction JG11 

showed maximum RWC (63.73%) and minimum RWC (39.93 %) and JG14 

showed maximum (58.57%) and minimum (45.60 %) at flowering stage. At pod 

filling, JG 14 expressed (55.87%) maximum and minimum (46.10%). Although 

JG14 was expressed higher  RWC (52.33%). Nevertheless  JG11 at flowering 

stage T1 interaction combination retain maximum water in leaves tissue (63.73 

%) and JG14 expressed T0 (58.57%) at flowering. At maturity maximum RWC 

has recorded T2 combination (55.87%) and JG14 retain water in leaves tissue 

(52.33 %) respectively (Table 4.6 and Figure 8). Foliar application of SA and 

nutrient enhanced the water retention capacity in mesophyll leaf tissue during 

water deficit stress maintained higher RWC values over the water deficit stress 

control. Maximum RWC was estimated with the application of SA and nutrient 

combination (Figure 8 ) Similar results on RWC [%] were also reported with the 

application of bioregulators maintained the integrity of mesophyll tissue and 

chloroplast structure thereby protected the chickpea plants from the detrimental 

effects of water deficit stress by Vineeth et al. ( 2017). 

5.3.4  Net Photosynthetic Rate (mol Co2
 m-2s-1) 

 Photosynthetic rate (Pn) was maximum in JG14 (25.86) and showed 

statistically at par. In treatment combination, Pn has recorded superior in T3 

(26.13) combination. Genotype and treatment combination JG14 was recorded 
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maximum photosynthetic rate (26.70) and minimum (24.25) at pod filling stage. 

In JG11 T3 combination expressed superior photosynthetic rate among the 

genotype treatment interaction combination (Table 4.7 and Figure 9).  

According to Khan et al. 2016 reported that photosynthesis declined in 

response to sucrose infusion. However maximum photosynthetic assimilation in 

SA and nutrient component under rainfed foliar application. Photosynthetic rate 

(Pn). However, bioregulators application maintained higher Pn under water 

deficit stress. Under imposed water stress, compact palisade layers of the 

mesophyll tissue were disrupted and cell size of the mesophyll cells displayed 

drastic reduction. Chloroplast, under water stress, displayed a number of grana 

with losing type of thylakoid, the large increase in osmiophilic granules, 

reduction in a number of starch granules and overall disruption of the thylakoid 

membrane similar finding reported by Vineeth et al. ( 2017). 

5.3.5 Stomatal Conductance (mol H2om-2s-1) 

 JG 11 showed maximum stomatal conductance (gs) (0.37). However, 

treatment T0, T2, T3, and T4 were expressed statistically at par. However T1 

treatment expressed significant differences among other treatment. Genotype 

and treatment interaction JG11 maximum value showed (0.42 and minimum 

(0.28) showed at pod filling stage (Table 4.7 and figure 9).The stomatal 

conductance which is a component of photosynthesis exhibited the positive 

association with photosynthetic rate (Pn) and Total Dry Matter (TDM) while it 

had no relationship with grain yield (Reynolds et al. (1994).the similar result 

finds out by Marques DJ et al. (2016). 

5.3.6 Transpiration Rate (m mol H20 m-2s-1) 

Transpiration rate expressed maximum JG11 (11.70) and expressed 

statistically significant from JG14.Treatment combination T4 and T5 combination 

express higher transpiration rate (11.58) and (12.35) respectively. Genotype 

treatment interaction JG11 expressed maximum transpiration rate (13.49) and 

minimum (9.71). JG14 was illustrated maximum transpiration (12.70) and 

minimum (8.90) at pod filling stage (Table 4.7 and Figure 9). The transpiration 
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rate expresses at the lower level and higher depends on the genotypic 

variations. Nutrient component and SA application only genotypic significant 

effect and stage specific condition. However nutrient deficiency showed less 

transpiration (E) similar result find out by Marques et al. (2016).         

5.3.7 Intrinsic and Instantaneous Water Use Efficiency (mol mmol-1) 

Intrinsic and instant water use showed the maximum in JG14 instant 

water use efficiency was expressed non- significant among the genotype. 

Nevertheless, JG14 has expressed significance difference in JG11. Treatment 

combination T1 illustrated superior combination (80.93). Among the genotype, 

instantaneous water use efficiency expressed maximum in (2.54) in T3 

combination. Genotype treatment interaction intrinsic water use efficiency JG11 

showed maximum (89.31) and minimum (62.81) and JG14 expressed maximum 

(89.31) and minimum (66.93) respectively. However instantaneous water use 

efficiency was recorded maximum (2.42) and minimum (1.95) in JG11. In 

Genotype JG14 showed instantaneous WUE maximum (3.13) and minimum 

(2.02). Intrinsic WUE JG11 T5 combination was an express superior value 

(89.31) among the genotype. However JG14 T1 (89.31) combination expressed 

similar value (Table 4.8 and Figure 10).however the foliar application of 10-5 M 

of salicylic acid was significantly increase of Water Use Efficiency 86.8%, 

92.7% in chickpea (Alyemeni et al. 2014). Nevertheless, the transcriptional 

reprograming that occurs during the plant defense response against abiotic 

stress was reported to be modulated by SA, where the transcription of different 

sets of defense genes can be controlled in a spatiotemporal manner via SA-

mediated mechanisms (Herrera-Vásquez et al. 2015). 

5.3.8  Carboxylation Efficiency   [mol m-2 s-1(mol m-1)-1] 

JG11 and JG14 expressed statistically at par. However, treatment 

combination was expressed T5 (0.098) superior carboxylation efficiency. 

Nevertheless, genotype treatment interaction JG11 maximum carboxylation 

efficiency (0. 105) minimum (0.088) and JG14 showed maximum carboxylation 

efficiency (0.103) and minimum (0.080) respectively (Table 4.8 and Figure 10). 
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The ratio of net photosynthesis rate to intercellular Co2 concentration is term 

carboxylation Efficiency (CE). SA and nutrient availability also influenced the 

CE rate. Although genotypically was express non-significant. The similar result 

showed by Meena et al. (2015). 

5.4  Yield and Yield Components 

5.4.1  Plant Height (cm) at Flowering and Maturity 

JG14 was increased height at flowering (49.78 cm) at maturity (55.17 

cm). However, genotype showed non- significant difference. However, T3 and T5 

showed significant difference among the treatment at flowering stage. However 

at maturity stage T5 (55.83 cm) expressed superior value among treatment. The 

interaction genotype with treatment combination JG11 showed maximum value 

(51.00 cm) and minimum (44.00 cm). Although JG14 showed maximum (55.00 

cm) and minimum (42.66 cm). At maturity stage, JG14 were expressed 

maximum height (56.67 cm) and minimum (52.33 cm) and JG14 was recorded 

maximum height (58.67 cm) and minimum (51.00 cm) (Table 4.9 and Figure 

11).SA and nutrient helpful for plant height in chickpea irrigated condition height 

increased. Although some hormones activity and metabolites changes. Plant 

height was genotype devolvement and the stronger selection was observed 

when crosses were made between stiff stalk and tropical germplasm. GA active 

were elevated with an increased Laval. Increased GA promotes BR and they 

together lead to increased plant height reported by Hu et al. (2017). 

5.4.2  Number of Node and Total Number of Branches Plant-1 

In the JG14 number of node plant-1 (23.78) and a total number of 

branches (15.44) plant-1 (Table 4.9 and Figure 11). In treatment combination, 

maximum number of the node expressed T2 combination from among the 

treatment. However the total number of branches plant-1 illustrated maximum in 

T4 (18.50) combination. Genotype and treatment interaction number of node 

plants-1 were expressed higher in JG14. Although T4 (26.33) combination was 

express higher no of the node and a total number of branches plant-1 from 

among the genotype and treatment interaction. A total number of branches 
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plants-1 maximum expressed in JG14 T4 (19.33) combination and minimum 

JG11 T2 and T5 (11.33) combination (Table 4.9 and Figure 11).The number of 

nodes increased in the foliar application of SA and nutrients and water, however 

internodal length was enlarged compare without irrigated chickpea 

genotypes.Although each node bears branches and number of branches were 

increased and only genotypic variation expressed. Similar observation reported 

by (Das. 2017) 

5.4.3  Number of Pods Plant-1 

 JG11 showed the higher number of the pod (57.33) and significantly 

differ from JG14. However, treatment T1 combination expressed a higher 

number of pod plant-1 (62.33). The treatment T2 significantly superior. However, 

T1 significantly difference from the T3 combination. In the interaction of 

genotype to treatment combination, the JG11 maximum number of the pod 

(70.67) and minimum (34.67) were expressed. However, JG14 was recorded 

the total number of pod plants-1 maximum (54.33) and minimum (34.00) (Table 

4.10 and Figure 12). Rainfed and irrigated were reduced number pod and 

increased number of empty pod per plant similar result find out by Pang et 

al.(2016).The foliar application of SA, nutrients, and water under the rainfed 

number of pod bearing was enhanced. Nevertheless, the reproductive period 

was showed enlarge in rainfed condition. However in irrigation condition plant 

express delay and few flowering came and a number of fewer pods occurs. 

However, application of SA and nutrient ameliorate the flower abortion rate and 

retain maximum flower and flower converted in the pod. Nutrient uptake is also 

helpful for the pod to retain in plant similar result quoted by Das (2017). 

5.4.4 Seed Weight Plant-1 and Hundred (100) Seed Weight (g) 

JG11 were recorded higher seed weight (14.78 g) and 100 seed weight 

(23.78 g) weigh against from JG14 both traits expressed statistically at par. In 

treatment T0 gain higher seed weight compares from among the treatment. 

Although hundred (100) seed weight showed higher in T5   combination.  

Nevertheless, treatment combination expressed statistically at par. JG11 was 
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recorded maximum (17.33) and minimum (11.33) seed weight plant-1. However, 

JG14 articulated maximum (16.67) and minimum (12.00) seed weight plant-1. 

Although JG11 showed maximum (24.33) and minimum (22.66) hundred (100) 

seed weight. However, JG14 was recorded maximum (25.00) and minimum 

(17.66) hundred (100) seed weight (Table 4.10 and Figure 12). The foliar 

application of SA and nutrient component increased seed weight and hundred 

seed weight. Although nutrient mobilization also the important availability of 

sugar translocation at the time of seed formation and pod filling stage. Which is 

enhances the rate of accumulation, when the foliar application direct leaf 

absorbed nutrient through diffusion and utilized by plant similar result find out by 

(Verma et al. 2017 and Das 2017).      

5.4.5  Biological Yield (kg ha-1) 

 Plant biomass was significantly increased through foliar application of SA 

in well watered and rainfed condition reported by Farjam et al. (2014). 

JG14 showed higher biological yield (5373.30) as the comparison from 

JG11 although genotype expressed non-significant difference. In treatment 

combination, T0 expressed maximum biological yield (5623.61) from among the 

treatment. Genotype and treatment interaction the maximum biological yield 

was recorded in JG11 T4 (5647.22) and JG14 T3 (6150.00). Although JG11 

expressed maximum biological yield (5647.22) and minimum (3297.22). 

However, JG14 maximum biological yield was recorded (6150.00) and 

minimum (3982.40) (Table 4.11 Figure 13). The foliar application of SA and 

nutrient composition and water were enhanced the chlorophyll content and 

Rubisco protein and SA presence delay senescence in leaves. However, 

enhanced photosynthetic assimilation rate and development of more biomass 

similar result reported by Tränkner et al. (2016).   

5.4.5  Seed Yield (kg ha-1) 

JG14 expressed significant response on seed yield plant-1 under 

drought (8.71%) by the priming of salicylic acid (SA) with a foliar spray of 

500nm SA in drought reported by Verma et al. (2017). 
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In the present investigation, JG14 showed significantly higher seed yield 

comparison from JG11. Although JG14 was recorded superior seed yield 

(1765.90) in comparison from JG11. Genotype and treatment interaction JG11 

were recorded superior seed yield in T0 and T4 and T1 combination. However, 

JG14 showed superior seed yield in   T2 and T5 combination. Although JG11 

expressed maximum seed yield (1874.99) and minimum (1061.11) and JG14 

maximum seed yield (2135.19) and minimum (1248.15) respectively (Table 

4.11 and Figure 13). Nevertheless application of SA and nutrient component 

increased seed size and nutrient, which is responsible for accumulation of 

sucrose from source (leaves) to sink (seed) in presence of SA. Chickpea is 

rainfed crop, foliar application of SA and nutrient component produced 

abundant amount of osmolyte in plant cytosol and that osmolyte helpful for 

producing energy (form of ATP). This is directly or indirectly participate sucrose 

translocation, however, abiotic stress state grain yield was reduced similar 

result reported by Pang et al. (2016). 

5.4.6  Harvest Index (%) 

JG14 showed superior harvest index (34.58%) comparison from JG11. In 

genotype expressed non- significant difference among the genotype. Treatment 

combination superior expressed T5 (38.87%) combination and minimum T3 

combination (30.67%). Genotype and treatment interaction in JG11 showed 

maximum (37.44%) and minimum (25.26%) and JG14 expressed maximum 

(52.47%) and minimum (25.26%) harvesting index respectively (Table 4.11 and 

Figure 13). At the foliar application of SA treatment combination showed higher 

HI (%) also similar result reported by Purushothaman et al. (2017). 

5.5  Biochemical Analysis of JG11 and JG14 Chickpea Seed 

5.5.1  Nitrogen (%) 

JG14 showed higher nitrogen (3.76%) compare from JG11. The 

genotype expressed statistically at par. In treatment combination maximum 

value expressed T1 combination (3.81) among the other treatment. Genotype 

and treatment Interaction the superior value expressed in JG14 T1 combination 
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(3.89%). However, JG11 also expressed superior T1 combination with genotype 

and treatment interaction. However maximum and minimum value was 

expressed (3.89%) and (3.46%) respectively (Table 4.12 and Figure 14). The 

genotypic differences occur only but in seed size helpful for nutrient treatment 

similar finding reported by Verma et al. (2017). 

5.5.2 Protein (%) 

Protein content in JG14 (23.52%) was expressed superior and 

significantly differences from JG11. Genotype treatment interaction in JG14 T1 

combination showed higher protein (24.37%) comparison from among the 

genotype with treatment interaction. The jg11 T3 combination was illustrated 

minimum protein content (20.97%) (Table 4.12 and Figure 14 ). Protein is the 

important constituent of chickpea seed but here only showed genotypic 

variation. However, the treatment effects expressed vary from SA and nutrient 

component in chickpea seed when the nitrogen content directly indicates the 

protein level. Verma et al. (2017) reported that  the protein percent was 

increased in genotype JG11 (25.42%) in Salicylic acid primed seed + Foliar 

spray of 500nm salicylic acid at 15 days interval combination and significantly 

dominated over JG14. However, in the present experiment have show JG14 

have high protein content because SA and Nutrient composition may be due 

helpful for the positive effect for the increasing protein content under late sown 

high temperature. Nevertheless, JG14 has high-temperature tolerant 

genotypes. 

5.5.3 Carbohydrate (%) 

The carbohydrate content was higher in JG11 (54.49%) comparison from 

JG14. Although genotypically expressed statistically at par. Treatment 

combination T3 (58.78%) expressed superior carbohydrate level among the 

treatment. Genotype and treatment interaction carbohydrate was maximum 

(58.97%) and minimum (51.85%) in JG11 genotype. However, JG14 genotype 

showed maximum carbohydrate (58.60%) and minimum (51.72%). 

Nevertheless, JG14 T0 combination was recorded (58.96%) carbohydrate 
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comparison from other among the genotype with treatment interaction (Table 

4.12 and Figure 14). Carbohydrate (%) was higher in JG 11 when the foliar 

application of SA and nutrient composition and water. SA and Nutrient 

composition may be enhancing carbohydrate and maintaining the homeostasis 

in the cell system. Foliar application JG11 have expressed higher carbohydrate 

similar result reported by Verma et al. (2017).   

5.5.4  Proline  (µmolg-1) 

JG14 were expressed higher proline content comparison from JG11. 

Although genotypically showed statistically at par. In treatment, T2 combination 

was higher proline content (0.905) in chickpea seed among the other treatment. 

Genotype and treatment interaction JG14 T2 combination were illustrated higher 

proline content (0.947) in seed comparison from other genotype and treatment 

interaction (Table 4.13 and Figure 15). Chickpea proline content was expressed 

not- significant differences. However proline content was low in JG11 but JG14 

showed the higher value. Because the JG14 has recommended for late sown 

and high-temperature tolerant genotype. JG14 may be having strong 

scavenging system or osmolyte formation. Proline is an also osmolyte that 

maintains the homeostasis inside the cytosol. Similar observation trends 

reported by Verma et al. (2017).   

5.5.5  Fiber and Fat (%) 

 JG14 showed higher fiber content (17.00%) comparison from 

JG11.Although genotype variation showed statistically at par. In fat content was 

higher in JG11 (11.59%) compare from JG14. Nevertheless, JG 11 showed 

significantly difference from JG14. In treatment combination, T5 was illustrated 

higher fiber content (19.10%) in chickpea seed. In fat content was recorded 

higher in T1 (13.00%) among the treatment. Genotype and treatment interaction 

in JG11 has expressed maximum fiber (18.70%) and minimum (14.29%). 

Although JG14 was showed maximum (19.50%) and minimum (14.55%). In 

JG14 fat content were recorded maximum (11.00%) and minimum (8.00%).  

Although JG11 T1 combination was recorded maximum fat content (15.00%) 
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and minimum showed in T2 combination (9.00%) respectively (Table 4.13 and 

Figure 15). The application of SA and nutrient composition fat content was 

slightly higher in JG11. However, in JG14 has shown slightly high fiber content 

and low fat may be an application of nutrient composition the level of fat 

increases in chickpea genotypes similar observation result reported by 

Bellaloui, (2011). 

5.5.6  Potassium (mg100g-1) 

JG14 showed higher potassium content (1222.07) comparison from 

JG11. Although genotype variation showed significant differences. In treatment 

T5 (1213.72) combination was expressed higher among the other treatment. 

Genotype and treatment interaction JG14 expressed T2 (1307.47) combination 

higher potassium content weigh against from among interaction. The JG11 was 

illustrated minimum T0 (1006.20) and maximum T5 (1223.67) combination in 

potassium content of the seed.  (Table 4.14 and Figure 16  ). SA and nutrient 

composition positive responses showed. Further research is needed to 

investigate the role of K+ and its uptake, efflux, translocation in seed similar 

result reported by Atieno et al. (2017). 

5.5.7  Calcium (mg100g-1) 

           JG14 expressed higher calcium content (188.82) measure up to from 

JG11. Although genotype variation expressed significantly difference. In 

treatment T3 (183.52) showed superior and higher content among the other 

treatment although treatment combination showed statistically at par. Genotype 

and treatment interaction JG14 was recorded higher calcium content in T2 

(210.30) combination from genotype with treatment interaction. JG11 expressed 

minimum T2 (136.97) and maximum (165.17) calcium content in chickpea seed 

(Table 4.14 and Figure 16). Calcium is a necessary plant nutrient that originates 

in igneous rocks. It is also a component of minerals such as dolomite, calcite, 

apatite, anorthite, and amphiboles that occur in sedimentary and metamorphic 

rocks. In soils of humid climates, these minerals are intemperate; additionally, 

part of the calcium is lost to leaching, and the rest is either adsorbed to soil 
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colloids or trapped in biomass. Under high pH conditions, calcium can become 

insoluble. Plant requirements for calcium are not very high, mainly because 

soils that contain low levels of calcium are very acidic. The important 

macronutrient of Ca++play role in a plant in a formation of a middle lamina, 

along with seed coat strengthen. The foliar application of SA and nutrients may 

be providing strengthen seed of chickpea. The similar result reported by 

Bevilaqua et al. (2012) and Verma et al. (2017). 

5.5.8  Sodium (mg100g-1) 

Maximum sodium content was recorded in JG14 (12.66) and genotypic 

ally showed statistically at par. Treatment combination T2 and T3 were showed 

statistically nonsignificant. Genotype and treatment interaction JG11 was 

recorded maximum (22.43) and minimum (20.28) sodium content. However, 

JG14 maximum content (22.60) and minimum (21.20) showed respectively 

(Table 4.14 and Figure 16).Previously studies the negative correlation showed 

by Sodium (Na+). The moderate negative correlation between Na+ 

accumulation in seed yield similar finding observed by Pushpavalli  ( 2015). 

5.5.9  Copper (mg100g-1) 

JG14 was recorded higher copper content measure up to from JG11 and 

showed statistically at par. Genotype and treatment interaction JG11 was 

recorded maximum cupper content (1.33) and minimum (0.93). However, JG14 

showed maximum copper content (1.43) and minimum (0.96) respectively 

(Table.15 and Figure 17).  According to Khan et al. (2015). As the present of  

Cu-mediated stimulation of ethylene synthesis has been finding out the of the 

increase of 1-aminocyclopropane-1-carboxylic acid (ACC) synthase (ACS) 

activity, one of the enzymes involved in the ethylene synthesis pathway Plants 

tend to adjust or induce adaptation or tolerance mechanisms to overcome 

stress conditions. Foliar application of SA and nutrients to develop stress 

tolerance, plants trigger a network of hormonal cross talk and signaling, among 

which ethylene production and signaling processes optimum concentration may 

be helpful for storage resilience of seed.  
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5.5.10  Zinc (mg100g-1) 

Zinc content was recorded higher in JG14 and showed statistically 

significant differences from JG11. Treatment combination JG14 (4.97) was 

illustrated superior among the other treatment. Genotype and treatment 

interaction JG11 was recorded maximum (4.83) and minimum (3.13) zinc 

content in seed. However, JG14 maximum (5.10) and minimum (3.4) were 

recorded zinc content in chickpea seed (Table 4.15 and Figure 17).Zinc has an 

important micro-nutrients and required minute quantity to the plant as well as 

seed health. Zinc is also the key role in the formation of tryptophan and 

hormone Indole Acetic acid (IAA) and enzyme carbonic anhydrase and alcohol 

dehydrogenase and carbonic anhydrase. The minute quantity of zinc helpful for 

overcome abiotic stresses (Formation of antioxidant Zn-SOD enzyme). The 

abiotic stress plasma membrane or seed membrane is ruptured by excess 

production of NADPH oxidase enzyme and produces the superoxide radical (O-

2), in the presence of zinc ameliorate the effect the formation superoxide radical 

and formed of the Zn-SOD enzyme. The foliar application of SA and Nutrients 

may be provided strengthen to seed and sugar translocation result reported by 

Pandey et al. (2017). 

5.5.11  Iron (mg100g-1) 

JG 14 showed higher iron content (6.16) comparison from JG11 and 

genotypic ally showed statistically significant. Genotype and treatment 

interaction JG11 showed maximum (5.70) and minimum (4.83) iron content. 

However, JG14 expressed in maximum (6.70) and minimum (5.46) iron content 

in seed. The overall maximum iron content was recorded in JG14 T3 (6.70) 

combination among the genotype with treatment interaction (Table 4.15 and 

Figure 17). Connorton et al. 2017 reported that in the grains, TaVIT1 and 

TaVIT2 are both expressed in the aleurone, correlating with high levels of iron 

in this tissue which is removed from white flours during the milling process. In 

contrast, expression of TaVIT1 and TaVIT2 is very low in the starchy 

endosperm, the tissue from which white flour is extracted. While the pulses may 



87 
 

be helpful for to facilitate this type of gene also enhanced the concentration of 

Fe in chickpea seed with foliar application of SA and Nutrients.    

5.5.12  Manganese (mg100g-1) 

JG 14 was recorded higher (3.64) manganese content and showed 

statistically significant difference from JG11. Treatment T5 combination was 

illustrated superior manganese content from among other treatments. Genotype 

and treatment interactions were recorded maximum (3.83) and minimum (2.93) 

in JG11. Nevertheless, JG14 showed maximum (4.07) and minimum (3.33) 

manganese content in chickpea seed (Table 4.15 and Figure 17).  The Mn is 

important key role in photolysis of water during PSII pigment and in the 

presence breakdown of water, and It is also possible that wheat and barley 

differ in iron and manganese transport efficiency from roots to shoots, thus 

affecting the total amount of iron and manganese that is (re)mobilized to the 

grain reported by Connorton et al. (2017). 
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SUMMARY, CONCLUSIONS, AND SUGGESTION FOR  

FURTHER WORK 

6.1 Summary 

A field experiment was conducted during Rabi, 2016-17 at Jawaharlal 

Nehru Krishi Vishwa Vidyalaya, Jabalpur to study the “Response of Foliar 

Application of Water, Salicylic Acid and Nutrients on Physiology of Chickpea 

Genotypes Growth and Productivity under Rainfed and Irrigated Late Sown 

Condition” 

 Climate change and weather variability and temperature instability viz., 

low and high temperature (Late sowed) is an important factor creating abiotic 

stresses. Especially high temperature in late sown condition, chickpea crops 

phase's problem, therefore an urgent need for formulated experiment on the 

present investigation.  

 The experiment was laid out in a factorial randomized block design 

(FRBD) with two genotypes and six (06) treatments in three replications. The  

treatments water and salicylic acid (500nm) and nutrients foliar application with 

two varieties (JG11 and JG14).The experimental findings showed from the 

present investigation are summarized in this chapter. 

 The chickpea phenology were recorded through visual observations 

under rainfed and irrigated late sown condition. The growth analysis and dry 

matter production to analyze the dry matter production and partitioning 

efficiencies were carried out at maturity. The foliar application of water, salicylic 

acid and nutrient composition on chickpea genotypes analyses the crop growth 

rate (CGR) and partitioning coefficient (p) were recorded till maturity in all the 

treatments and interactions. The nodules traits (Viz. Number of the nodule, 

nodule fresh weight, and dry weight), observations were recorded at flowering 

stage in rainfed and irrigated condition. The highlight on total dry matter 

accumulation at flowering and maturity (g) stage along with the various 

physiological traits viz., chlorophyll content index (SPAD - 502 plus) and relative 
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water content (RWC %) at flowering and maturity stage and membrane stability 

index (MSI) at pod filling stage were recorded in chickpea leaves. The gaseous 

and derivative observation viz., photosynthetic rate (mol Co2
 m-2s-1), stomatal 

conductance (mol H2om-2s-1), transpiration rate (m mol H20 m-2s-1), intrinsic and 

instantaneous, water use efficiency (mol mmol-1) and carboxylation efficiency   

[mol m-2 s-1(mol m-1)-1] were recorded with help of infra red gas analyzer 

(IRGA) LiCOR 6400 USA  in all the treatments and interactions combination. 

The observations were recorded on yield and its components viz., chickpea 

height (cm) at flowering and maturity, total number of branches plant-1 and 

number of node plant-1 at maturity stage,  total number of pod plant-1, seed 

weight plant-1 and hundred seed weight and  biological yield, seed yield (kgha-1) 

and HI (%).  

 For the biochemical estimation of nitrogen, protein, and carbohydrate per 

cent along with proline, fiber and fat were estimated from mature seed. The 

mineral nutrients and heavy metal viz., potassium, calcium, sodium, copper, 

zinc, iron and manganese in per 100g of seed were estimated from the JG11 

and JG14 seeds. 

The experimental finding of the chickpea phonological concerned indicated 

variable response in different phenophases of chickpea genotype having days 

to flower initiation, days to 50 % flowering, days to pod initiation days to flower 

end, days to pod end and days to physiological maturity during the most of the 

growth stage. JG14 showed early flower initiation (41.89 days) among the 

genotype varietal deference. Genotypes and treatment interaction maximum 

ranges were JG11 (43.66 days) and minimum (40.33days). (Table 4.1 and 

Figure 3 ) . JG 14 expressed early 50 % flowering (48.17 days) compared to 

JG11. Interaction combination in JG11 was recorded maximum in longer days 

(49.67 days) and minimum (47.00 days) However, JG14 Interaction 

combination recorded maximum rang (53.00 days) and minimum (47.00 days) 

respectively. Days to pod initiation (DPI), Result showed (Table 4.1 and Figure 

3) that among the genotype JG 14 illustrated early pod initiation (62.00 days).  
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However, JG14 combination the maximum range showed (70.33 days) and 

minimum (61.33 days) in T2 and T1 combination (Table 4.1 and Figure 3). Days 

to Flower End (DFE) JG 14 (87.44 days) showed early DFE. The study of this 

trait in treatment combination longer days (Figure 3). Days to Pod End (DPE) in 

JG14 showed minimum (95.50 days) for pod end. 

 In JG11 interactions of genotype with treatment were recorded 

maximum range (97.00 days) and minimum (94.66 days). However, JG14 

expressed comparable trends and the minimum pod end (95.00 days) 

respectively. Days to physiological maturity (DPM) in JG14 showed early 

physiological maturity assessment.In genotype and treatment interaction 

combination JG11 expressed maximum (101.00 days) and minimum (98.33 

days) (Table 4.1 and Figure 3). 

 At the Crop Growth Rate (gcm-2 day-1) genotype to treatment interaction 

expressed maximum CGR value in JG 11 (0.40gcm-2day-1).The maximum CGR 

JG11 showed the minimum and maximum CGR value (0.207 and 0.40gcm-

2day-1). However, JG14 expressed CGR maximum and minimum showed 

(0.193 and 0.286gcm-2day-1) respectively. The Partition Coefficient (p) in JG11 

expressed statistically at par (nonsignificant). JG11 maximum partition 

coefficient value expressed (0.07%) and minimum (0.03%). Nevertheless, JG14 

showed maximum value (0.090 %) and minimum (0.03 %) respectively (Table 

4.2 and Figure 4). At full bloom (Flowering) stage number of the nodule, Fresh 

weight and dry weight (g) of nodule plant-1 were expressed JG11 maximum 

(12.00) and minimum (7.00) number of nodules plant-1. However, JG14 

expressed a maximum number of nodules (21.67) and minimum (9.67). JG11 

showed maximum fresh weight (0.55 g) and minimum (0.20 g). However, JG14 

was recorded maximum (1.05 g) and minimum (0.33 g) nodule fresh weight 

plant-1. Although nodules dry weight were maximum JG14 (0.29g) on the other 

hand JG 11 maximum (0.35 g) and minimum (1.00 g). However, JG14 was 

recorded maximum (0.46 g) and minimum (0.41 g) respectively (Table 4.3 and 

Figure 5). At flowering stage total dry matter accumulation was higher in JG14 
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(14.86 g). However at maturity stage maximum value expressed JG11                

(27.44 g). 

 Genotype treatment interaction JG11 T3 combination showed superior 

dry matter accumulation (15.83 g) at flowering stage.  JG11 maximum dry 

matter accumulation value (15.82 g) and minimum (8.22 g) at flowering stage 

although JG14 maximum dry matter accumulation (18.40 g) and minimum 

(11.21 g) at flowering stage. At maturity stage total dry matter accumulation in 

JG11 maximum (40.00 g) and minimum (19.33 g) and JG14 maximum 

expressed (28.33 g) and minimum (20.66 g) respectively (Table 4.4 and Figure 

6).  Various Physiological Traits viz., Chlorophyll Content Index (CCI) JG14 

showed maximum value (59.05 SPAD) at flowering stage. However, JG11 

expressed maximum CCI value (71.06 SPAD) at pod filling stage. At flowering 

stage, genotypes expressed CCI value statistically significant. Though maturity 

stage expressed statistically at par.  

 Genotype treatment interaction JG11 expressed maximum (55.33 SPAD) 

and minimum (53.43 SPAD) respectively. JG14 expressed maximum (66.33 

SPAD) and minimum (54.60 SPAD) at flowering stage. At maturity stage JG11 

genotype treatment interaction maximum value expressed (73.86 SPAD) and 

minimum (68.70 SPAD). Although JG14 expressed maximum (72.96 SPAD) 

and minimum (68.50  SPAD) value. Chickpea leaves membranes stability index 

(MSI) were expressed in JG11 significantly differing from JG14. Genotype 

treatment interaction the maximum MSI showed (38.57%) and minimum 

showed (30.17%) in JG11. However, JG14 maximum MSI showed (31.37%) 

and minimum (21.97%) minimum MSI recorded T2 combination (21.97%) in 

JG14 genotype (Table 4.5 and Figure 7).  In leaves, relative water content 

(RWC %) JG11 showed maximum water retention capacity in leaves tissue 

weigh against from JG14 at flowering and pod filling. Genotype treatment 

interaction JG11 showed maximum RWC (63.73%) and minimum RWC (39.93 

%) and JG14 showed maximum (58.57%) and minimum (45.60 %) at flowering 

stage. At pod filling, JG 14 expressed (55.87%) maximum and minimum 

(46.10%). Although JG14  was expressed higher RWC (52.33%) and minimum 
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(42.00%). Nevertheless, JG11 at flowering stage T1 interaction combination 

retain maximum water in leaves tissue (63.73 %) (Table 4.6 and Figure 8). The 

gaseous observation photosynthetic rate (mol Co2
 m-2s-1) was maximum in 

JG14 (25.86) and showed statistically at par. Genotype with treatment 

combination JG14 was recorded maximum photosynthetic rate (26.70) and 

minimum (24.25) at pod filling stage (Table 4.7 and Figure 9). The Stomatal 

Conductance (mol H2om-2s-1) JG 11 showed maximum stomatal conductance 

(gs) (0.37). Genotype and treatment interaction JG11 maximum value showed 

(0.42 and minimum (0.28) showed at pod filling stage (Table 4.7 and figure 9). 

The leaves transpiration Rate (m mol H20 m-2s-1) expressed maximum JG11 

(11.70). Genotype treatment interaction JG11 expressed maximum 

transpiration rate (13.49) and minimum (9.71). JG14 was illustrated maximum 

transpiration (12.70) and minimum (8.9) at pod filling stage (Table 4.7 and 

Figure 9). Intrinsic and instantaneous Water Use Efficiency (mol mmol-1) 

showed a maximum in JG14 instant water use efficiency was expressed non- 

significant among the genotype. Nevertheless, JG14 has expressed 

significance difference in JG11.  

Genotype treatment interaction intrinsic water use efficiency JG11 

showed maximum (89.31) and minimum (62.81) and JG14 expressed maximum 

(89.31) and minimum (66.93) respectively. However instantaneous water use 

efficiency was recorded maximum (2.42) and minimum (1.95) in JG11. JG14 

showed instantaneous WUE maximum (3.13) and minimum (2.02). Intrinsic 

WUE JG11 T5 combination was an express superior value (89.31) among the 

genotype. The carboxylation efficiency [mol m-2 s-1(mol m-1)-1] were recorded 

JG11 maximum carboxylation efficiency (0.105) minimum (0.088) and JG14 

showed maximum carboxylation efficiency (0.103) and minimum (0.080) 

respectively (Table 4.8 and Figure 10). 

The yield and its components traits viz., chickpea height (cm) at 

flowering and maturity stage JG14 was increased height at flowering (49.78 cm) 

at maturity (55.17 cm).The genotype with treatment interaction JG11 showed 
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maximum value (51.00 cm) and minimum (44.00 cm). Although JG14 showed 

maximum (55.00 cm) and minimum (42.66 cm). At maturity stage, JG14 were 

expressed maximum height (56.67 cm) and minimum (52.33 cm) and JG14 was 

recorded maximum height (58.67 cm) and minimum (51.00 cm). The number of 

node and a total number of branches plant-1 expressed a JG14 number of node 

plant-1 (23.78) and a total number of branches (15.44) plant-1 were illustrated 

higher. Genotype and treatment interaction number of node plants-1 were 

expressed higher in JG14. Although T4 (26.33) combination was express higher 

no of the node and a total number of branches plant-1 from among the genotype 

and treatment interaction. A total number of branches plants-1 maximum 

expressed in JG14 T4 (19.33) combination (Table 4.9 and Figure 11). A number 

of Pods Plant-1 showed in JG11 higher number of a pod (57.33) and 

significantly differ from JG14. However, treatment T1 combination expressed the 

higher number of pod plant-1 (62.33). In the interaction of genotype to treatment 

combination, the JG11 maximum number of the pod (70.67) and minimum 

(34.67) were expressed. However, JG14 was recorded the total number of pod 

plants-1 maximum (54.33) and minimum (34.00). Seed weight plant-1 and 

hundred (100) seed weight (g) were recorded in JG11 higher seed weight 

(14.78 g) and 100 seed weight (23.78 g) weigh against from JG14. 

Genotype and treatment interaction JG11 was recorded maximum 

(17.33) and minimum (11.33) seed weight plant-1. However, JG14 articulated 

maximum (16.67) and minimum (12.00) seed weight plant-1. Although hundred 

(100) seed weight showed maximum (24.33) and minimum (22.66) in 

JG11.However, JG14 was recorded maximum (25.00) and minimum (17.66) 

hundred (100) seed weight (Table 4.10 and Figure 12). Biological yield (kg ha-1) 

showed higher in JG14 (5373.30).Genotype and treatment interaction the 

maximum biological yield was recorded in JG11 T4 (5647.22) and JG14 T3 

(6150.00). Although JG11 expressed maximum biological yield (5647.22) and 

minimum(3297.22). However, JG14 maximum biological yield was recorded 

(6150.00) and minimum (3982.40). Seed yield (kg ha-1) JG14 showed 
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significantly higher seed yield comparison from JG11. Although JG14 was 

recorded  superior seed yield (1765.90) in comparison to JG11. 

Genotype and treatment interaction JG11 expressed maximum seed 

yield (1874.99) and minimum (1061.11) and JG14 maximum seed yield 

(2135.19) and minimum (1248.15) respectively. JG14 showed superior 

harvesting index (34.58%), and T5 (38.87%) combination and minimum T3 

combination (30.67%).Genotype and treatment interaction in JG11 showed 

maximum (37.44%) and minimum (25.26%). However, JG14 expressed 

maximum (52.47%) and minimum (25.26%) harvesting index respectively 

(Table 4.11 and Figure 13). Nevertheless the foliar application of water, salicylic 

acid, and nutrients. Biochemical estimation of chickpea seed expressed 

Nitrogen (%) content JG14 showed higher nitrogen (3.76%) compare from 

JG11. In treatment combination maximum value expressed T1 combination 

(3.81) among the other treatment. Genotype and treatment Interaction the 

superior value expressed in JG14 T1 combination (3.89%). However, JG11 

maximum and minimum value were expressed (3.89%) and (3.46%) 

respectively (Table 4.12 and Figure 14). Protein content in JG14 (23.52%) was 

expressed superior and significant differences from JG11.  The JG14 T1 

combination showed higher protein (24.37%) comparison from among the 

genotype with treatment interaction. JG11T3 combination was illustrated 

minimum protein content (20.97%) (Table 4.12 and  Figure 14). The 

carbohydrate content was higher in JG11 (54.49%). Treatment combination T3 

(58.78%) expressed superior carbohydrate level among the treatment. 

Genotype and treatment interaction carbohydrate was maximum (58.97%) and 

minimum (51.85%) in JG11 genotype. However, JG14 genotype showed 

maximum carbohydrate (58.60%) and minimum (51.72%). Nevertheless, JG14 

T0 combination was recorded (58.96%) carbohydrate comparison from other 

among the genotype with treatment interaction (Table 4.12 and Figure 14).   

JG14 were expressed higher proline content although genotypic ally 

showed statistically at par. In treatment, T2 combination was higher proline 
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content (0.905) in chickpea seed among the other treatment. Genotype and 

treatment interaction JG14 T2 combination were illustrated higher proline 

content (0.947) in seed genotype with treatment interaction (Table 4.13 and 

Figure 15). However, JG14 showed higher fiber content (17.00%) comparison 

from JG11. In fat content was higher in JG11 (11.59%). Nevertheless, JG 11 

showed significantly difference from JG14.In treatment combination T5 was 

illustrated higher fiber content (19.10%) in chickpea seed.  Genotype and 

treatment interaction in JG11 has expressed maximum fiber (18.70%) and 

minimum (14.29%). Although JG14 showed maximum (19.50%) and minimum  

(14.55%) fiber. In JG14 fat content were recorded maximum (11.00%) and 

minimum (8.00%).  Although JG11 T1 combination was recorded maximum fat 

content (15.00%) and minimum showed in T2 combination (9.00%) respectively 

(Table 4.13 and Figure 15). The estimation of biochemical nutrients from 

chickpea seeds the level of the nutrient in the mg100g-1 basis of macro, micro 

and heavy metal present in JG11 and JG14. Potassium (mg100g-1) content 

JG14 expressed higher potassium content (1222.07) comparison from JG11.In 

treatment T5 (1213.72) combination was expressed higher among the other 

treatment. Genotype and treatment interaction JG14 expressed T2 (1307.47) 

combination higher potassium content weigh against from among 

interaction.(Table 4.14 and Figure 16). However, calcium (mg100g-1) in JG14 

expressed higher calcium content (188.82) measure up to from JG11. Although 

genotype variation expressed significantly difference. In treatment T3 (183.52) 

showed superior and higher content among the other treatment although 

treatment combination showed statistically at par. 

JG14 was recorded higher calcium content in T2 (210.30) combination 

from genotype with treatment interaction. JG11 expressed minimum T2 (136.97) 

and maximum (165.17) calcium content in chickpea seed. Although maximum 

sodium content was recorded in JG14 (12.66) and genotypic ally showed 

statistically at par.  Genotype and treatment interaction JG11 was recorded 

maximum (22.43) and minimum (20.28) sodium content. However, JG14 

maximum content (22.60) and minimum (21.20) showed respectively (Table 
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4.14 and Figure 16). However, in a seed of JG14 was recorded higher copper 

(mg100g-1) measure up to from JG11 and showed statistically at par. Genotype 

and treatment interaction JG11 was recorded maximum cupper content (1.33) 

and minimum (0.93). However, JG14 showed maximum copper content (1.43) 

and minimum (0.96) respectively. The zinc (mg100g-1) content was recorded 

higher in JG14 and showed statistically significant differences from JG11. 

Treatment combination JG14 (4.97) was illustrated superior among the other 

treatment. Genotype and treatment interaction JG11 was recorded maximum 

(4.83) and minimum (3.13) zinc content in seed. However, JG14 maximum 

(5.10) and minimum (3.4) were recorded zinc content in chickpea seed 

respectively. JG 14 showed higher iron (mg100g-1) content (6.16) comparison 

from JG11 and genotypic ally showed statistically significant. Genotype and 

treatment interaction JG11 showed maximum (5.70) and minimum (4.83) iron 

content. However, JG14 expressed in maximum (6.70) and minimum (5.46) iron 

content in seed. The overall maximum iron content was recorded in JG14 T3 

(6.70) combination among the genotype with treatment interaction. JG 14 was 

recorded higher manganese (mg100g-1) content (3.64) and showed statistically 

significant difference from JG11. Treatment T5 combination was illustrated 

superior manganese content from among other treatments. Genotype and 

treatment interactions were recorded maximum (3.83) and minimum (2.93) in 

JG11. Nevertheless, JG14 showed maximum (4.07) and minimum (3.33) 

manganese content in chickpea seed (Table 4.15 and Figure 17). 

6.2 Conclusions: 

 Present investigation emphasized on chickpea genotypes growth and 

productivity under rainfed and irrigated late sown condition expressed, the 

genotypic variation along with available irrigation in specific stages, SA, and 

nutrients.  JG14 expressed higher seed yield and biological yield with rainfed 

and SA presence in late sown.However, JG11 expresses negative responses 

under late sown. The foliar application of water, SA and nutrients are 

responsible for proper partitioning of the source and sink relation along with the 
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proliferation of nutrients easily available to plant and translocation through the 

help of phloem from the shoot to root along with soil nutrient under temperature 

stress (late sown). Nevertheless the JG 14 expressed significant responses 

under late sown with the application of salicylic acid (SA). 

Suggestion for further work:- 

1)       The investigations are required to be conducted with more precise foliar 

  application of SA and nutrients concentration. 

2)       Further studies root behavior on chickpea genotype with foliar  

 application of water, SA, and nutrients. 

3)  Study needed about the improvement of nutrient uptake efficiency under 

 late sown condition, with vesicular arbuscular mycorrhiza (VAM) use for 

 the stele strengthen or vascular tissue. 
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APPENDICES 

Phenophases 

Mean sum of square 

Source of 
variance 

DF 
Days to  
flower 

initiation 

Days to 50%  
flowering 

Days to pod 
initiation 

Days to  
flower end 

Days to  
pod end 

Days to 
physiological 

maturity 

Replication 2 6.75 43.86 73.53 11.19 11.86 0.03 

Var. (A) 1 4.69 46.69 173.36 12.25 3.36 1.78 

Treat. (B) 5 12.92 7.56 53.16 2.69 2.49 3.31 

Inter. (AXB) 5 0.83 11.29 17.83 2.11 1.16 3.71 

Error 22 2.45 21.86 17.38 2.10 1.55 1.39 

 

Growth analysis and dry matter production 

Mean sum of square 

Source of 
variance 

DF 
CGR 

(g cm
-1

 day
-1

) 

Partition  
coefficient 

(p) 
No. of nudules 

Fresh wt of 
nodules (g) 

Dry wt of 
nodules 

TDM at 
Flowering 

(g) 

TDM at 
Maturity (g) 

Replication 2 0.00434 0.00151 106.78 0.35 0.25 6.77 88.19 

Var. (A) 1 0.01562 0.00014 106.78 0.42 0.07 113.20 87.11 

Treat. (B) 5 0.00428 0.00135 24.91 0.09 0.02 7.94 89.18 

Inter. (AXB) 5 0.01903 0.00072 45.18 0.16 0.06 35.36 156.91 

Error 22 0.00990 0.00058 74.23 0.29 0.08 12.92 23.71 

 

 



II 
 

Physiological traits  

Mean sum of square 

Source of 
variance 

DF 
CCI at 
flower 

CCI at pod 
filling 

MSI (%) 
RWC (%) 

at  
Flowering 

RWC (%) 
at Pod 
Filling 

Pn gs E 
Intrinsic  

WUE 
Instantaneo

us WUE 
C E 

Replication 2 51.7 32.25 95.71 100.33 60.50 2.77 0.00137 5.97 111.58 0.177 0.0003 

Var. (A) 1 207.8 2.05 465.12 7.29 40.96 0.26 0.00253 5.06 94.90 0.575 0.0000 

Treat. (B) 5 29.4 11.39 63.12 157.17 11.12 1.44 0.00551 1.93 184.71 0.217 0.0000 

Inter. (AXB) 5 24.7 12.09 16.3 113.47 80.19 6.18 0.00949 18.27 299.96 0.639 0.0003 

Error 22 38.2 15.59 46.51 59.75 31.99 0.77 0.00160 0.68 92.05 0.031 0.0001 

 

 

Yields and yield components 

Mean sum of square 

Source of 
variance 

DF 
Height 

at 
Flowering 

Height 
At Maturity 

No. of 
Branches 

No. of 
node 

plant
-1

 

No.  of Pod 
Plant

-1
 

Seed Wt 
(g) 

Plant
-1

 

Hundred 
Seed Wt 

(g) 

Biological  
Yield 

(kgha
-1

) 

Seed Yield 
(kgha

-1
) 

Harvest 
Index 
(%) 

Replication 2 137.03 56.69 25.53 19.69 28.53 5.36 19.44 12816362.7 708189.63 92.33 

Var. (A) 1 14.69 3.36 16.00 100.00 765.44 9.00 4.00 2588226.86 875437.80 103.93 

Treat. (B) 5 66.49 17.36 34.51 8.98 279.78 11.04 15.91 1277456.80 260642.54 61.01 

Inter. (AXB) 5 11.16 9.49 15.93 12.13 447.38 19.80 7.87 2864126.68 279336.79 291.98 

Error 22 13.33 21.23 6.50 4.39 219.86 14.05 18.05 1331778.98 170510.21 86.47 

 

 

 



III 
 

 

Biochemical analysis 

Mean sum of square 

Source of variance DF Nitrogen Protein Carbohydrate Proline Fiber Fat 

Replication 2 0.08 3.09 46.54 0.039 3.97 46.58 

Var. (A) 1 0.32 13.08 0.28 0.032 0.13 34.02 

Treat. (B) 5 0.09 3.36 27.98 0.013 16.09 15.51 

Inter. (AXB) 5 0.04 1.74 12.15 0.001 0.72 3.16 

Error 22 0.14 5.38 24.70 0.025 15.09 12.37 

 

 

Mean sum of square 

Source of variance DF Potassium Calcium Sodium Copper Zinc Iron Manganese 

Replication 2 2847.59 616.03 2.89 0.55 0.56 0.86 0.74 

Var. (A) 1 121940.60 14452.04 1.00 0.00 1.00 5.92 0.17 

Treat. (B) 5 12658.21 430.22 1.84 0.14 1.60 0.83 0.32 

Inter. (AXB) 5 19855.89 481.72 0.23 0.05 0.44 0.39 0.28 

Error 22 5231.61 457.27 0.51 0.09 0.29 0.50 0.31 
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Figure No. 3: Responses of foliar application of water salicylic acid nutrient 
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(a) 

(b) 

(c) 

Figure No. 4: Effect of foliar application of water salicylic acid nutrient 

composition on crop growth rate (CGR) and partitioning coefficient (p) of 

chickpea genotypes. 
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(a) 

(b) 

(c) 

Figure No. 5: Effect of foliar application of water salicylic acid and nutrient   

  composition on nodules fresh weight, nodules dry weight and   

  number of nodule plant-1 of chickpea genotypes. 
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(a) 

(b) 

(c) 

Figure No. 6: Effect of foliar application of water salicylic acid and nutrient   

  composition on  chickpea genotypes  in  total dry matter   

  accumulation plant-1  at flowering and maturity stage. 
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(a) 

(b) 

(c) 

Figure No. 7: Effect of  foliar application of water, salicylic acid and nutrient  

  composition on  chickpea genotypes chlorophyll content index (CCI)  

  at flowering and pod filling stage and  Membranes stability index  

  (MSI) at pod filling stage. 
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(a) 

(b) 

(c) 

Figure No. 8: Effect of foliar application of water, salicylic acid and nutrient  

  composition on leaves relative water content (RWC) at flowering and  

  pod filling stage in chickpea genotypes. 
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(a) 

(b) 

(c) 

Figure No. 9: Effect of foliar application of water, salicylic acid and nutrient   

  composition on photosynthesis (Pn), transpiration (E) and stomatal  

  conductance (gs) of chickpea genotypes. 
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(c) 

Figure No. 10: Effect of foliar application of water, salicylic acid and nutrient  

    composition on intrinsic and instantaneous WUE and carboxylation 

    efficiency (CE) of chickpea genotypes. 
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Figure No. 11: Effect of foliar application of water, salicylic acid and nutrient  

  composition on height at flowering and maturity, total number of  

  branches and number of node of chickpea genotypes. 
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Figure No. 12: Effect of foliar application of water, salicylic acid and nutrient  

  composition on total number of pod plant-1, seed weight plant-1 and  

  hundred seed weight of chickpea genotypes. 
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Figure No. 13: Effect of foliar application of water salicylic acid and nutrient  

  composition on biological yield, seed yield and harvest index of  

  chickpea genotypes. 
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Figure No. 14: Effect of foliar application of water, salicylic acid and nutrient  

     composition on nitrogen, protein and carbohydrate content in  

     chickpea seeds. 
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Figure No. 15: Effect of foliar application of water, salicylic acid and nutrient  

     composition on proline, fiber, and fat level in chickpea seeds. 
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Figure No. 16: Effect of foliar application of water, salicylic acid and nutrient  

  composition on potassium, calcium and sodium content in chickpea  

  seeds. 
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Figure No. 17: Effect of foliar application of water, salicylic acid and nutrient  

     composition on zinc, iron, manganese, and copper content in  

      chickpea seed. 
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