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ABSTRACT

Chickpea yield is decreasing day by day due to drought stress, which could be an immense risk for future food
security in developing countries. Management practices could be the most excellent approach to diminish loss due
to this abiotic factor. The current research work was designed to explore the tolerance reaction of chickpea
genotypes against management practices, through morphological and biochemical parameters and evaluate yield
performance across drought prone location of Bangladesh. Four genotypes BD-6048, BD-6045, BD-6090,
BD-6092 and eight management practices, e.g., severe water stress (SWS), i.e., without irrigation, 10 cm thick
mulching with rice straw (MRS), 10 cm thick mulching with water hyacinth (MWH), organic amendment
through compost (OAC) @ 3 t ha−1, organic amendment through cow dung @ 5 t ha−1 (OACD), organic amend-
ment through poultry manure @ 2 t ha−1 (OAPM), inorganic amendment through proline application (IAPA) as
foliar spray and 16 h hydro-priming (HP). The study revealed that the genotypes BD-6048 showed excellent per-
formance because of the highest chlorophyll, carotenoids, phosphorus, potassium, proline and protein content.
The highest pod number plant−1 also increased seed yield in BD-6048. Considering management practices, IAPA
increased relative water content, carotenoids, leaf phosphorus and potassium compared to other management
practices and severe water stress. Finally, BD-6084 was selected as best genotype because of a significant increase
in chlorophyll a and b, carotenoids, and relative water content with IAPA. Identified top performing genotypes
can be used for releasing variety and cultivated for sustainable production in drought prone area of Bangladesh.
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Chl b Chlorophyll b
DAS Days after sowing
G Genotypes
K Potassium
HP Hydro-priming
IAPA Inorganic amendments through proline application
M Management
MoP Muriate of potash
MRS Mulching with rice straw
MWH Mulching with water hyacinth
OAC Organic amendments through compost
OACD Organic amendments through cow dung
OAPM Organic amendments through poultry manure
P Phosphorus
ROS Relative oxygen species
RWC Relative water content
SWS Severe water stress
TSP Triple super phosphate

1 Introduction

Chickpea is a popular legume crop that provides millions of people throughout the world with a good
amount of protein, fiber, and minerals [1]. Due to symbiotic association with rhizobacteria upon nodulation it
also enriches the soil through nitrogen fixation. It is cultivated chiefly in marginal land and rainfed areas
[2,3]. Moreover, chickpea is a winter crop and experiences terminal drought during maturity and seed
filling stage as a result of reduced or no rainfall which results severe yield reductions. Chickpea plants
also face drought stress when planted in spring instead of winter [4].

Significant climate phenomena and weather extremes have recently been reported in several places of
the world. Heat waves have become more common in several countries of Asia, Europe, and Australia
[5]. Furthermore, climate change is putting a lot of strain on the hydrological cycle [6]. Unprecedented
climatic changes, leading in high world temperatures (heat stress) and unpredictable rainfall patterns
(floods and drought) have become important difficulties for chickpea production in recent years [7]. Such
climatic extremes have a negative impact on plant growth and, as a result, crop output, particularly in
chickpea grain yield, where losses of up to 19 percent have been reported as a result of these conditions [8].

Drought is the most significant abiotic stress, producing an obstacle in several crops’ growth and
production though out the world [9–13]. Its severity is forecasted to enhance in the coming days under
changing climate [14,15]. Dry spell contains an impressive influence on seed germination, branching,
growing, seed abdicate, and seed weight in the midst of the vegetative and regenerative stages of
improvement [16]. During the vegetative stage, it negatively influences cell division and leaf expansion
[16]. Several studies have exposed that drought stress reduces the absorption of nutrients content during
the vegetative stage [17–19].

Despite the fact that chickpea is more resistant to water stress than other legumes, it is the most important
factor in sinking the physiological and morphological properties [20]. The strength and time of stress
determines plants’ responses to water stress. These responses are categorized in two types: firstly, water
deficiency in low intensity, which in low intensity, which is known as moderate stress and directs to
transpiration decline, interruption of water conduction from roots to shoots, and decreased photosynthetic
pigments and products, which eventually lowers crop yields productivity and morphological characters
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[21]. Water stress has been shown to affect CO2 absorption rate and photochemical efficiency in a variety of
plants, including cotton [22], tomato [23] and lentil [24]. Secondly, severe water scarcity is treated as extreme
stress that produces reactive oxygen species (ROS) in plants, causing damage to the D1 protein in PSII,
chlorophyll content, and electron transport [25]. Severe water stress causes significant changes in
morphological characteristics, nutritional uptake, and antioxidant enzyme action as a result of reduced
soil water absorption [26]. Chickpea plantings suffer severe production losses due to terminal drought
stress in these conditions [27].

Based on plants-soil viewpoint, application of fertilizers can moderate the properties of drought on soil
moisture and plant productivity [28,29]. The utilization of organic fertilizers supplies important nutrients and
progress some soil properties like water and nutrient holding capacity and drought tolerance [30,31];
however, diverse categories of fertilizer donate differently. For example, vermicompost can alleviate
organic waste. In that case, earthworms decompose organic material and are competent to renovate this
material to wealthy nutrient composites that shape an environment in the soil and enhance plant growth
[32]. Several studies revealed that soil amendment with organic material increases agricultural production
by absorbing more nutrients, enhancing enzymatic activity, water holding and cation exchange capacity
[32,33].

Generally, the literature only illustrated the individual result of drought and vermicompost but not the
details on physiological and biochemical changes with different organic fertilizers and spray of proline
and hydro priming. It was assumed that the physiological and biochemical characteristics would vary in
genotypes with and without application of organic fertilizers. The study was aimed to validate the
interactive effect of organic fertilizers and genotypes on physiological and biochemical traits along with
yield of chickpea.

2 Materials and Methods

2.1 Genetic Material
Vigorous and disease-free seeds of four chickpea genotypes were collected from Bangladesh

Agricultural Research Institute (BARI), Gazipur, Bangladesh to perform the present study (Table 1).

2.2 Experiment Plan
We conducted the experiments at the research field of Rajshahi (drought prone area), Bangladesh during

the period from November to June of two consecutive years 2018–2019 and 2019–2020. The treatment
prepared with eight management practices as follows: severe water stress (SWS), i.e., without irrigation,
10 cm thick mulching with rice straw (MRS), 10 cm thick mulching with water hyacinth (MWH), organic
amendment through compost (OAC) @ 3 t ha−1, organic amendment through cow dung @ 5 t ha−1

(OACD), organic amendment through poultry manure @ 2 t ha−1 (OAPM), inorganic amendment
through proline application (IAPA) as foliar spray and 16 h hydro-priming (HP). The experiment was
arranged in split plot design by assigning management practices in the main plot and genotype in the
subplot with three replications. The individual plot size was 5 m × 4 m.

Table 1: Directories of genotypes with their source used in the experiments

Sl. number Genotypes Source

1 BD-6048 BARI

2 BD-6045 BARI

3 BD-6090 BARI

4 BD-6092 BARI
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2.3 Crop Husbandry
Urea, triple super phosphate (TSP), muriate of potash (MoP), gypsum and boron were used to fertilize

the soil at the rate of 30, 80, 35, 50 and 7 kg ha−1, respectively [34]. The whole amounts of TSP, MoP,
gypsum and boron were applied during final land preparation. Straight furrows of three to four cm deep
were constructed with an iron rod popularly known as “tine”. Two seeds were sown per hill in the
furrows at a seed rate of 40 kg ha−1 [34]. The distance between lines was 40 cm. The seeds were covered
with loose soil after they were sown. Just after germination, MRS and MWH were applied. Fifteen days
before sowing, OAC, OACD and OAPM were done. After seeding, proline was sprayed @ 250 ppm at
50 days after sowing (DAS). Before sowing, the seed was hydro-primed by soaking it in pure water and
re-drying it to its original moisture content. Weeding was done by hand at 15 and 30 DAS. There was no
noticeable infestation of insects, pests, or diseases in the experimental plots, no pest control measures
were done for the crop.

2.4 Physiological Parameter Measurements
For adequate extraction of chlorophyll and carotenoids, fresh leaf samples of 50 mg were immersed in

10 mL of 80 percent acetone and stored in the dark for seven days. A UV–vis spectrophotometer was used to
determine chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll (Chl a + Chl b), and total carotenoids
content from the absorbance at 470, 648.6, and 664.2 nm using the Lichtenthaler technique [35].

For measuring relative water content (RWC), 100 mg fresh leaves were preserved in distilled water for
4 h. After blotting the excess water from the surface of the sample, the turgid weight was recorded. Dry
weight was acquired by drying the samples in an oven at 70°C until they reached a consistent weight.
The following formula was used to determine RWC:

RWC % ¼ Fresh weight� Dry weight

Turgid weight� Dry weight
� 100 (1)

2.5 Phosphorous and Potassium Determination
Jackson’s procedure [36] was utilized to assess chickpea leaf’s phosphorus (P) substance. In a 50 mL

volumetric jar, 1 milliliter of liquor of plant diacid extricate was blended with 10 mL of vanadate
molybdate reagent and after that weakened to 50 mL with refined water. After 30 min, the color was
examined at 470 nm. The standard bend was utilized to compute the phosphorus concentrations in
percent. The potassium (K) content of chickpea leaves was determined using the technique adopted by
Chapman et al. [37]. The final concentration of the plant extract (diacid digested) was measured
immediately on a flame photometer or after adequate dilution in a range of 0 to 50 mg potassium per
litre. Simultaneously, a blank sans sample was run. The result was computed using a potassium solution
standard perusing and communicated as percent potassium.

2.6 Biochemical Parameters Measurements
The substance of the proline was decided utilizing Bate’s strategy [38]. An aliquot of new green

chickpea leaf was homogenized in 10 mL of 3 percent sulphosalicylic acid, at that point centrifuged for
15 min at 5000 rpm. 2 milliliters of the supernatant were combined with 2 milliliters of acid ninhydrin
(1.25 g ninhydrin dissolved in 30 milliliters of glacial acetic acid and 20 milliliters of 6 M phosphoric
acid) and 2 milliliters of glacial acetic acid for 1 h at 100 degrees Celsius, taken after by an ice shower.
4 mL toluene was utilized to extricate the colored response blend. The absorbance was measured at
520 nm. A standard bend was utilized to calculate proline substance.
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The protein content of seeds was calculated using Microkjeldhal’s method [39]. In a digestion flask, one
gram of seed was stored with a little amount of catalyst mixture (K2SO4 + CuSO4), 10 mL of 96 percent
concentrated sulphuric acid and kept for complete digestion. A distilled sample of the digested sample
was obtained. The amount of ammonia in the distilled solution was titrated with 0.1 N H2SO4.

The equation stated below was used to calculate the nitrogen and protein content:

Nitrogen ð%Þ ¼ Normality of H2SO4 � V of H2SO4 � 1:4 � 100 (2)

Protein ð%Þ ¼ Percent of nitrogen � 6:25 (3)

2.7 Measurement of Yield and Yield Components
The entire plant was cut at ground level with a sickle as it reached maturity. Each plot’s harvested

produce was packed separately and labeled correctly. At long last, information on yield-related
characteristics such as number of pods per plant−1 and seed yield were independently recorded.

2.8 Statistical Analysis of Recorded Data
MSTAT-C version 4 [40] was utilized to assess all of the information measurably. Duncan’s multiple

range tests were used to demonstrate the variability of the results and determine whether there was a
significant (P ≤ 0.05) difference between treatment groups using MSTAT-C software.

3 Results

3.1 Physiological Parameters
The contrast of means showed that BD-6048 exhibited a substantial increase in Chl a and Chl b

compared with other genotypes (Table 2). Chl a and Chl b content were diminished under the severe
stress compared to other non-stress conditions. Results for the interaction of genotype and management
practices on the Chl a and Chl b showed that BD-6048 with proline application had the highest Chl a
and Chl b content contrasted to MRS, OAC, OACD, OAPM and HP application. Carotenoids content
was significantly influenced by chickpea genotypes (Table 3). Means comparison on carotenoids content
demonstrated that the highest carotenoids content was recorded from the genotype BD-6048 followed by
genotype BD-6045. The application of proline as foliar spray caused a substantial rise in carotenoids’
content by 20.55% compared to severe water stress for BD-6048. Based on interactive effect, the
maximum carotenoids content was detected from BD-6048 with proline application. Under rigorous water
stress, lowest concentrations of carotenoids were detected for the genotype BD-6092 (Table 3). Fig. 1
exposed significant relationship (R2= 0.44, P < 0.05) between carotenoids content and seed yield. The
assessment of the data linked with the RWC illustrated that RWC had a significant increase by using
genotype BD-6048. Under SWS, there was lowest RWC in comparison with MRS, OAC, OACD, OAPM
and HP application (Table 3).

Table 2: Effects of different genotypes on chlorophyll content of chickpea under different management practices

Genotypes (G) ×
Management (M)

Chl a (mg g−1) Chl b (mg g−1)

BD-6048 BD-6045 BD-6090 BD-6092 BD-6048 BD-6045 BD-6090 BD-6092

SWS 9.05j 8.98h 7.01h 6.96gh 14.90i 13.95h 12.11i 10.22h

MRS 9.86fg 9.75ef 7.93f 5.59f 15.85f 14.89f 12.93f 11.04f

MWH 10.45e 10.28e 8.28e 7.92e 16.38e 15.13e 13.68de 11.88e

OAC 11.06d 10.83d 8.72d 8.18d 17.20d 15.32d 14.32d 12.67d

OACD 11.65c 11.34c 9.00c 8.59c 18.05c 15.50c 15.10c 13.00bc

OAPM 12.25b 11.82b 9.50b 8.94b 18.81b 16.77b 15.65ab 14.19b
(Continued)
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Table 2 (continued)

Genotypes (G) ×
Management (M)

Chl a (mg g−1) Chl b (mg g−1)

BD-6048 BD-6045 BD-6090 BD-6092 BD-6048 BD-6045 BD-6090 BD-6092

IAPA 12.99a 12.38a 9.99a 9.32a 20.11a 16.99a 16.54a 15.35a

HP 9.80hi 9.64g 7.78fg 7.35g 15.74gh 14.35g 12.90gh 10.90fg

LSD (0.05) 0.21 0.21 0.21 0.21 0.27 0.27 0.27 0.27

Sx 0.22 0.27 0.18 0.11 0.19 0.20 0.27 0.14

CV (%) 1.35 1.35 1.35 1.35 1.09 1.09 1.09 1.09
Note: Average values in a column followed by dissimilar letters are statistically significant (P < 0.05). SWS-severe water stress, MRS-mulching with
rice straw, MWH-mulching with water hyacinth, OAC-organic amendments through compost, OACD-organic amendments through cow dung,
OAPM-organic amendments through poultry manure, IAPA-inorganic amendments through proline application and HP-hydro-priming.

Table 3: Effects of different genotypes on carotenoids content and RWC (%) of chickpea under different
management practices

Genotypes (G) ×
Management (M)

Carotenoids content (mg g−1) RWC (%)

BD-6048 BD-6045 BD-6090 BD-6092 BD-6048 BD-6045 BD-6090 BD-6092

SWS 2.32g 2.11g 1.71i 1.64h 69.25i 68.71h 64.01i 61.67h

MRS 2.59e 2.40e 1.77f 1.65f 72.99f 71.04f 66.12f 64.09f

MWH 2.68d 2.47d 1.79e 1.72e 73.05e 72.39e 67.15e 67.15e

OAC 2.79c 2.50c 1.83d 1.75d 74.16d 72.66d 68.21d 65.17d

OACD 2.85bc 2.57c 1.86c 1.78c 75.25c 73.85c 69.01c 66.13c

OAPM 2.89ab 2.58b 1.89b 1.81lb 76.88b 74.96b 70.61b 68.51b

IAPA 2.92a 2.60a 1.92a 1.88a 80.03a 77.94a 71.68a 70.27a

HP 2.47f 2.38f 1.75gh 1.70g 71.93gh 70.93g 65.76gh 63.40g

LSD (0.05) 0.05 0.05 0.05 0.05 0.53 0.53 0.53 0.53

Sx 0.12 0.13 0.15 0.09 0.57 0.63 0.53 0.49

CV (%) 1.47 1.47 1.47 1.47 2.46 2.46 2.46 2.46
Note: Average values in a column followed by dissimilar letters are statistically significant (P < 0.05). SWS-severe water stress, MRS-mulching with
rice straw, MWH-mulching with water hyacinth, OAC-organic amendments through compost, OACD-organic amendments through cow dung,
OAPM-organic amendments through poultry manure, IAPA-inorganic amendments through proline application and HP-hydro-priming.
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R² = 0.44
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Figure 1: Functional relationships between carotenoids content and seed yield of chickpea
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3.2 Concentration of P and K in Leaf
Table 4 showed that genotypes had significant difference in leaf K concentration and highest K

concentration was observed in BD-6048. Evaluation of results on K concentration demonstrated that K
concentration increased at peak due to application of proline and it was increased by 48.81% compared to
SWS for BD-6048. Comparison of means for the interaction of genotypes and management practices on
the K content showed that under proline application the genotype BD-6048 showed significantly highest
K concentration over severe water stress with BD-6092. Results on leaf P concentration explained that P
concentration was significantly affected by genotype (Table 4). The highest P concentration was obtained
from genotype BD-6048. For leaf P concentration, significant difference was observed among
management treatments. SWS decreased P concentration compared to MRS, OAC, OACD, OAPM and
HP. Assessment of means of the interactions of genotypes and management practices are shown in
Table 4. P concentration varied significantly due variation of available water in different management
practices and this was identified to be variable according to genotype also.

3.3 Protein and Proline Content
Comparing the mean protein content data in chickpea seed demonstrated that the genotype BD-

6048 produced the highest protein content related to other genotypes. Under different management
conditions, the proline application treatments had significantly higher protein content but under SWS, it
showed lower value (Table 5). The interaction effects of genotypes and management practices showed
that SWS led to a significant decrease in protein content compared to MRS, OAC, OACD, OAPM and
HP application with BD-6092. Results illustrated that exogenous proline application treatments helps in
remarkable rise (19.93%) in the leaf proline content compared with the SWS and other management
treatments for BD-6048 (Table 5). In respect of interactive effect, BD-6048 produced highest proline
content in the leaf and lowest proline was observed in BD-6092 under SWS condition. Proline was
accountable for seed yielding genotypes (R2= 0.36, P < 0.05) (Fig. 2).

Table 4: Effects of different genotypes on K and P (%) of chickpea under different management practices

Genotypes (G) ×
Management (M)

K (%) P (%)

BD-6048 BD-6045 BD-6090 BD-6092 BD-6048 BD-6045 BD-6090 BD-6092

SWS 3.01h 2.98i 2.16h 2.14i 0.46t 0.67gh 0.31i 0.28i

MRS 3.60f 3.55f 2.45f 2.43fg 0.500k-p 0.45f 0.34f 0.30f

MWH 4.04e 3.90e 2.67e 2.55e 0.606f-j 0.48e 0.37e 0.32e

OAC 4.50d 4.25d 2.88d 2.67d 0.64d-g 0.51d 0.48d 0.43d

OACD 4.94c 4.61c 3.09c 2.78c 0.69cde 0.54c 0.53c 0.59c

OAPM 5.40b 4.95b 3.26b 2.67b 0.79b 0.57b 0.66b 0.61b

IAPA 5.88a 5.31a 3.55a 3.05a 0.94a 0.62a 0.74a 0.65a

HP 3.56g 3.51gh 2.37g 2.56gh 0.72qrs 0.56g 0.57gh 0.62b

LSD (0.05) 0.02 0.02 0.02 0.02 0.06 0.06 0.06 0.06

Sx 0.20 0.43 0.09 0.18 0.21 0.27 0.19 0.16

CV (%) 0.35 0.35 0.35 0.35 1.28 1.28 1.28 1.28
Note: Average values in a column followed by dissimilar letters are statistically significant (P < 0.05). SWS-severe water stress, MRS-mulching with
rice straw, MWH-mulching with water hyacinth, OAC-organic amendments through compost, OACD-organic amendments through cow dung,
OAPM-organic amendments through poultry manure, IAPA-inorganic amendments through proline application and HP-hydro-priming.
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3.4 Yield and Yield Attributes
The genotype, BD-6048 produced the highest number of pods irrespective of treatments (Table 6). Pod

number was affected by management practices. The SWS reduced pod numbers plant−1. Interactions between
genotypes and management treatments were significant for pod number. The seed yields in different chickpea
genotypes are presented in Table 6. The seed yield of all chickpea genotypes was influenced by management
practices. Interactions between genotype and management treatments were significant. The highest seed
yield was gained from the genotype, BD-6048 with foliar application of proline. There was a positive
relationship (R2= 0.79, P < 0.01) between pod number plant−1 and seed yield (Fig. 3).

Table 5: Effects of different genotypes on protein and proline content (%) of chickpea under different
management practices

Genotypes (G) ×
Management (M)

Protein content (%) Proline (mg 100 g−1)

BD-6048 BD-6045 BD-6090 BD-6092 BD-6048 BD-6045 BD-6090 BD-6092

SWS 21.69i 21.13i 20.76i 19.58i 165.5b 177.2b 186.3b 192.7a

MRS 23.02g 22.78f 21.54f 20.84f 152.8d 150.4c 138.5c 126.4c

MWH 23.85ef 23.17e 22.64e 21.76e 153.6c 147.6d 136.0d 124.5d

OAC 23.98de 23.73d 23.03d 22.87d 138.7e 133.4e 122.6e 109.7e

OACD 24.13cd 24.07c 23.77c 22.55c 137.5f 132.5f 121.0f 108.3f

OAPM 24.26b 24.13b 24.00b 23.25b 133.4g 127.5g 116.6h 104.5g

IAPA 25.10a 24.86a 24.76a 23.60a 206.7a 201.3a 192.5a 180.4b

HP 22.08h 22.02gh 21.86gh 20.55gh 111.5h 121.4h 122.7g 99.54h

LSD (0.05) 0.16 0.16 0.16 0.16 1.59 1.59 1.59 1.59

Sx 0.32 0.25 0.22 0.18 0.79 0.88 0.81 0.91

CV (%) 0.45 0.45 0.45 0.45 0.68 0.68 0.68 0.68
Note: Average values in a column followed by dissimilar letters are statistically significant (P < 0.05). SWS-severe water stress, MRS-mulching with
rice straw, MWH-mulching with water hyacinth, OAC-organic amendments through compost, OACD-organic amendments through cow dung,
OAPM-organic amendments through poultry manure, IAPA-inorganic amendments through proline application and HP-hydro-priming.

y = 0.001x + 1.365
R² = 0.36

0

0.4

0.8

1.2

1.6

2

0 50 100 150 200 250

S
ee

d 
yi

el
d 

(t
 h

a-
1 )

Proline content (mg 100 g-1)

Figure 2: Functional relationships between proline content and seed yield of chickpea
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4 Discussion

Around 90% of chickpea is cultivated rainfed and depends on left-over moisture from rainfall in the soil
so drought tolerance has been one of the most studied features in chickpea [41]. Drought-induced yield
reduction as a drought-tolerance measure was used in over a hundred research, with considerable
differences in the results [42]. As a result, when choosing genotypes to be produced as cultivars, consider
not only their yield in drought-stressed and non-stressed environments, but also their adaptability to their
growth environments and management.

Increased production of chickpeas can help with global food supply and farming systems. Chickpea
output can be increased to a sustainable level by using prospective/potential genotypes and cultural
activities. These management approaches must be acceptable in both plant features and a cost-effective
production scale to increase yield. Dry spell push is one of the essential limits to agrarian yield around
the world [43], and it has a significant impact on the chickpea crop at all phases of development [44].

Table 6: Effects of different genotypes on yield and yield attributes of chickpea under different management
practices

Genotypes (G) ×
Management (M)

Pod plant−1 Seed yield (kg ha−1)

BD-6048 BD-6045 BD-6090 BD-6092 BD-6048 BD-6045 BD-6090 BD-6092

SWS 10.11d 9.91f 8.69e 7.11g 1.47h-l 1.37h 1.24i 1.11i

MRS 11.37c 11.15d 10.15d 9.98e 1.51g-k 1.43g 1.31gh 1.29fg

MWH 12.39b 12.39c 12.23c 11.25d 1.57e-h 1.47f 1.42f 1.34e

OAC 13.27ab 13.24b 13.12b 11.71b 1.63cde 1.51e 1.53de 1.44d

OACD 12.41b 12.41c 12.25c 11.27c 1.67bcd 1.59cd 1.56c 1.52c

OAPM 13.26ab 13.22b 13.30a 11.75b 1.75ab 1.67bc 1.63b 1.55b

IAPA 14.10a 13.59a 13.32a 12.35a 1.82a 1.76a 1.68a 1.59a

HP 11.39c 11.12e 10.18d 9.93f 1.47h-l 1.35i 1.22i 1.18h

LSD (0.05) 0.27 0.27 0.27 0.27 0.09 0.09 0.09 0.09

Sx 0.12 0.15 0.11 0.19 0.09 0.07 0.10 0.08

CV (%) 1.44 1.44 1.44 1.44 3.67 3.67 3.67 3.67
Note: Average values in a column followed by dissimilar letters are statistically significant (P < 0.05). SWS-severe water stress, MRS-mulching with rice
straw, MWH-mulching with water hyacinth, OAC-organic amendments through compost, OACD-organic amendments through cow dung, OAPM-organic
amendments through poultry manure, IAPA-inorganic amendments through proline application and HP-hydro-priming.
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Figure 3: Functional relationships between pods number and seed yield of chickpea
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Adopting improved genotypes with proper cultural activities at the farmers’ level may reduce the
environmental stresses on chickpeas to produce a higher yield. Our study hypothesizes a positive impact
of the interaction of organic amendment and genotypes on physiological and biochemical properties and
chickpea yield. The management practices used in this investigation showed a remarkable result on the
physiological, biochemical, and yield attributes of chickpea genotypes.

Chickpea production varies due to varietal differences in yield potentiality, which is susceptible to water
and fertilizer application, and climate conditions such as excess soil moisture/humidity and rainfall [45].
Severe water stress affects the physiological and biochemical traits and yield and yield parameters
[46–48]. Drought stress has a substantial impact on a decrease in Chl a and Chl b throughout vegetative
growth stages due to an increase in leaf temperature following stomatal closure [49]. Proline content is a
significant criterion for stress tolerance in chickpea genotypes [50], with proline levels increasing in
leaves beneath drought stress [51].

In our study, we found the highest Chl a (12.99 mg g−1) and Chl b (20.11 mg g−1), carotenoids content
(2.92 mg g−1) and RWC (80.03%) in chickpea genotypes BD-6048 with proline application contrasted to
MRS, OAC, OACD, OAPM and HP application. Water stress significantly reduced chlorophyll content in
chickpea genotypes [52,53] as did rainfed conditions compared to irrigation-supplied situations [54]. The
application of cowdung, compost, and poultry manure to the field would supply nitrogen to soil,
enhancing chlorophyll content in chickpea plants. Increasing chlorophyll content through chlorophyll
production is a benefit of adding nitrogen to the soil [55]. This may lead higher chlorophyll concentration
in chickpea genotypes under OAC, OACD, OAPM managements, but the proportion of nitrogen is not so
high. As a result, the magnitude of chlorophyll content is less than proline application. To boost growth
in chickpea plants, proline was added to the photosynthetic pigments that maintain chlorophyll
concentration. Proline interacts with enzymes to protect photosynthetic activity and preserve protein
structures and functions [56], regulate chlorophyll biosynthesis and inhibit chlorophyll breakdown under
oxidative stress, resulting in increased chlorophyll content [57]. In some circumstances, carotenoids
biosynthesis is influenced by external conditions, though it is genetic in plants and plays an important
part in photosynthesis [58]. The plant capacity is enhanced by increased chlorophyll concentration with
proline, leading to increased carotenoids concentration.

RWC varies among the studied chickpea genotypes due to different management practices. Severe water
stress reduces the RWC in chickpea plants. Due to drought stress, the RWC was reduced by 68% in chickpea
plants [43]. Mulches conserve the soil moisture around the plants by reducing evaporation. Plants utilized
more water from underneath soil of mulch to increase production. Our study found the highest RWC in
proline applied plants. Proline promotes plant-water relations by sustaining cell turgidity and stomatal
function in stressful situations and increasing water intake and photosynthetic rate [59]. This may cause
increased RWC in chickpea plants grown with proline application than other adopted management practices.

Proline application has altogether expanded protein content in chickpea plants. Similar findings also
found that the exogenous proline application increased the protein and carbohydrate content in quinoa
[60] and faba bean [61]. The increased protein accumulation was linked to a significant increase in
chlorophyll content due to proline application. Again, proline itself in an amino acid constituted of
protein and shows a significant role in plant growth and development [62]. Thus, protein content increase
in plants grown with proline application. Exogenous proline application can effectively regulate
endogenous proline metabolism via differential expression of proline-related genes [63]. Exogenous
proline application significantly increased the proline substance of rice [62], maize [64] and chickpea
[65]. Exogenous proline application combined with endogenous proline biosynthesis may cause increased
proline content in chickpea plants.
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Proline applied chickpea genotypes produced a higher number of pods plant−1 and seed yield in
comparison to SWS, MRS, MWH, OAC, OACD, OAPM and HP. Proline application increased the seed
yield in fennel [66], pod and seed yield in chickpea [67], sugar and yield in sugar beet [68], pod and seed
yield in Cowpea [69]. Exogenous proline application also alleviates the water stress through stimulated
growth, accomplished by induced antioxidating mechanism, eased oxidative damage, improved
compatible solute synthesis, and accelerated proline accumulation, resulting in improved photosynthesis
yield attributes [70]. In severe water stress we found most of the morphological and biochemical and
yield attributes in the lower rate. Though the mulching, organic amendment and hydro priming have
played positive role in the studied parameters, proline performed the highest among the adopted
management practices in chickpea genotypes. Proline accumulation in plants is a genetic trait in chickpea
but the variation is also evident in accumulation in different genotypes due to different management
practices and environmental situations. Exogenous proline can promote several metabolic processes in
plants, leading to increased chlorophyll, carotenoids, P, K, protein, and endogenous proline content.
These increasing pigment and solute enhance the photosynthesis process to produce more food to develop
healthy plants resulting in higher pods and seed yield in chickpea.

5 Conclusions

Regarding present knowledge, inadequate research is accessible in chickpea to recognize the effects of
management practices on physiological, biochemical and yield parameters. Therefore, it is a novel report in
which different management practices, including proline application, were planned to screen potential
genotype. Stress tolerant genotypes were recognized by investigating physiological and biochemical
attributes. Among all the studied traits, carotenoids, Chl a, Chl b, proline and protein content explicated
more data variability. BD-6048 was the most excellent genotype in proline application under combined
treatment. The discovery of the top-performing genotypes can be promoted for large scale cultivation to
gain sustainable production under changing climate conditions.
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