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Highlights:
Foliar spray of Hoagland’s solution applied at different growth stages of chickpea.
Distilled water, 25, 50, and 75% of Hoagland’s solution were sprayed.
At 7, 14, and 21 days after crop emergence Hoagland’s solution were applied.
Higher strength (75%) of Hoagland’s solution enhanced the growth and yield.
The 75% strength of Hoagland’s solution sprayed at 21 days after crop emergence produced highest yield.

Abstract

Under rain-fed conditions, foliar application of nutrients is an efficient tool to eliminate the adverse 
effects of nutrients shortage and helpful to catch the maximum yield of any crop. Field experiments were 
executed to evaluate the effect of foliar spray of different strengths and application times of Hoagland’s 
solution on growth and yield characteristics of chickpea (Cicer arietinum L.) under rain-fed conditions. 
The treatments consisted of distilled water (control), 25, 50, and 75% strength of Hoagland’s solution 
sprayed at 7, 14, and 21 days after crop emergence (DACE) on two chickpea cultivars C-44 and CM-72.  
In terms of growth and yield, CM-72 showed superiority over C-44. The 75% strength of Hoagland’s 
solution showed an improvement of 32.9, 37.9, 35.3, 13.5, and 35% in dry weight, plant height, 100-
seed weight, seed yield, and biological yield, respectively when sprayed at 21 DACE than distilled 
water. However, the lower strength (25%) of Hoagland’s solution produced similar results to distilled 
water. It is recommended that under rain-fed conditions chickpea cultivar CM-72 should be cultivated 
with a foliar supply of 75% strength of Hoagland’s solution at 21 DACE to obtain the maximum growth 
and yield.
Key words: Foliar application. Cicer arietinum. Rain-fed. Growth and yield. Nutrients solution. 
Strength and time.

Resumo

Sob condições de chuva, a aplicação foliar de nutrientes é uma ferramenta eficiente para eliminar os 
efeitos adversos da falta de nutrientes e útil para obter o rendimento máximo de qualquer cultura. 
Experimentos de campo foram executados para avaliar o efeito do spray foliar de diferentes forças e 
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tempos de aplicação da solução de de Hoagland sobre as características de crescimento e rendimento 
do grão de bico (Cicer arietinum L.) e m condições de chuva. Os tratamentos foram constituídos por 
água destilada (controle), 25, 50 e 75% da solução de Hoagland pulverizada aos 7, 14 e 21 dias após 
a emergência da colheita (DACE) em duas cultivares de grão de bico (C-44 e CM-72). Em termos de 
crescimento e rendimento, o CM-72 mostrou superioridade em relação ao C-44. A aplicação de 75% 
da solução de de Hoagland mostrou uma melhoria de 32,9, 37,9, 35,3, 13,5 e 35% em peso seco, altura 
da planta, peso de 100 sementes, rendimento de sementes e rendimento biológico, respectivamente, 
quando pulverizados a 21 DACE do que a água destilada. No entanto, a menor dose(25%) da solução de 
de Hoagland produziu resultados semelhantes aos da água destilada. Recomenda-se que, em condições 
de chuva, a cultivar CM-72 seja cultivada com suprimento foliar de 75% da solução de de Hoagland em 
21 DACE para obter o máximo crescimento e rendimento.
Palavras-chave: Aplicação foliar. Cicer arietinum. Sequeiro. Crescimento e produtividade. Solução de 
nutrientes. Força e tempo.

Introduction

Chickpea (Cicer arietinum L.) is an important 
pulse crop (Turner, 2004) of subcontinent and Middle 
East. It is valued crop and provides nutritious food 
for an escalating world population (Muehlbauer & 
Sarker, 2017). Such a high-value crop it needs to 
increase its yield. Perhaps, under rain-fed conditions 
chickpea faces several challenges including sub-
optimal and erratic rainfall, depleted soils, poor 
nutrients status of soil, and resource-poor farmers 
(Singh, Ramakrishna, Sharma, & Venkateswarlu, 
1999). To achieve this level of consistent higher yield 
under such circumstances, adequate management 
strategies are need to be evolved.

Foliar application of nutrients may be a substitute 
method to attain maximum crop yield under rain-fed 
conditions (Ali et al., 2002). Both micro and macro-
nutrients play a significant role in the plant structure, 
plant cell osmoregulation, and metabolism (Taiz & 
Zeiger, 2009). Deficiency of nutrients, toxicity of 
ions, and osmotic stress are the main factors that 
exert deleterious effects on plant growth and yield 
(Nublat, Desplans, Casse, & Berthomieu, 2001). 
To increase the yield it is necessary to maintain the 
nutrients at optimum level (Hu, Ye, Shi, Duan, & 
Xu, 2010). Although, soil fertilization is one of the 
most frequent ways to provide nutrients to plants 
from which plants absorbed essential nutrients 
through their roots but it was less economical for 
the plants which have low demand for nutrients 

(Fageria, 2016). Some times nutrients present in the 
soil medium are not enough to meet the nutritional 
demand of the plant as well as it is difficult to apply in 
rain-fed areas (Hussain, Rehman, Khan, Roohullah, 
& Ahmed, 2006; Jahiruddin, Ali, Hossain, Ahmed, 
& Hoque, 1995). 

There are many approaches to nourish the crop 
plant whereas, foliar spray of nutrients is observed 
as the most efficient technique in relation to nutrients 
uptake (Sahai, 2004). Foliar application of nutrients 
is the alternate method to fulfill the nutritional 
demand of crop plants (Arif, Chohan, Ali, Gul, & 
Khan, 2006). According to previous reports Mo, Zn, 
and B application significantly improved the yield of 
chickpea (Johansen et al., 2007; Salih et al., 2013). 
Foliar nutrients applications resulted in the reduction 
of many crop diseases and nutritional disorders in 
minimum time (Kuepper, 2003). Fernández and 
Eichert (2009) reported that application of nutrients 
by foliar spray is the ancient method that is most 
effective to minimize the nutritional deficiency in 
crop plants. As compared to soil application, foliar 
application results in quick uptake of nutrients 
(Kannan, 2010). Foliar-applied nutrients may also 
be used to resolve many physiological disorders 
which may be due to the deficiency of nutrients and 
also helps the plant to cope under various biotic and 
abiotic stresses (Kerin, & Berova, 2003; Fageria, 
Barbosa, Moreira, & Guimaraes, 2009). Different 
nutrients mixtures have been discovered for plant 
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growth and development among which Hoagland’s 
solution has been used extensively for integrated 
crop production (Li & Cheng, 2015; Schwabe et al., 
2013; Maneetong et al., 2013). 

For improvement in chickpea growth and yield 
under rain-fed conditions, appropriate nutrition is 
essential. Therefore, foliar application of Hoagland’s 
solution is one of the most efficient ways to cope 
up the nutritional demand of crop plants as it is the 
combination of both nutrients. Thus, the present 
study was performed to investigate the chickpea 
response to the foliar supply of Hoagland’s solution 
under rain-fed conditions.

Materials and Methods

Site description

To investigate the response of chickpea to 
the foliar supply of Hoagland’s solution the 
field experiments were conducted at Agronomic 
Research Area (Latitude 31.41 oN, Longitude 74.17 
E and Altitude 194.4 m), College of Agriculture, 
University of Sargodha, Sargodha, Pakistan during 
2016-2017 and 2017-2018. Before the sowing 
of the crop, soil analysis of the experimental site 
was performed. The soil was sandy loam with  a 
pH of 7.9, soil organic matter 0.56%, 0.43% N, 10 
mg kg-1 extractable P, and 103 mg kg-1 available 
K. Throughout the whole experimental period, the 
day-to-day maximum or minimum temperature and 
rainfall scatterings are shown in figure 1. The total 
rainfall throughout the chickpea growth period was 
312.6 mm. 

Figure 1. Two years average day-to-day maximum or minimum temperatures and 
rainfall throughout the chickpea growing seasons of the experimental site at Sargodha, 
Punjab Province, Pakistan. 
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Figure 1. Two years average day-to-day maximum or minimum temperatures and rainfall throughout the 
chickpea growing seasons of the experimental site at Sargodha, Punjab Province, Pakistan.  

 

Experimental design and treatments 

The experiments were conducted in a randomized complete block design (RCBD) with a factorial 

arrangement and each treatment was replicated four times. Treatments consist of distilled water, 25, 50, and 

75% strength of Hoagland’s solution each applied at 7, 14, and 21 days after the emergence of chickpea. 

Hoagland’s solution was developed according to the procedure of Hoagland and Arnon (Hoagland & Arnon, 

1950; Epstein, 1972). The nutrient concentrations of Hoagland’s solution were reduced to one-fourth, one-

half, and three-fourth to prepare reduced strengths (25, 50 and 75%) of Hoagland’s solution. 



3056
Semina: Ciências Agrárias, Londrina, v. 41, n. 6, suplemento 2, p. 3053-3066, 2020

Javaid, M. M. et al.

Experimental design and treatments

The experiments were conducted in a randomized 
complete block design (RCBD) with a factorial 
arrangement and each treatment was replicated four 
times. Treatments consist of distilled water, 25, 
50, and 75% strength of Hoagland’s solution each 
applied at 7, 14, and 21 days after the emergence 

of chickpea. Hoagland’s solution was developed 
according to the procedure of Hoagland and Arnon 
(Hoagland & Arnon, 1950; Epstein, 1972). The 
nutrient concentrations of Hoagland’s solution were 
reduced to one-fourth, one-half, and three-fourth 
to prepare reduced strengths (25, 50 and 75%) of 
Hoagland’s solution.

Table 1
Composition of modified Hoagland’s solution (Epstein, 1972)

Compound
Stock solution concentration

mL in a liter of solution
mM g L-1

Macronutrients
KNO3 1,000 101.10 6.0
NH4H2PO4 1,000 115.08 2.0
Ca(NO3)2.4H2O 1,000 236.16 4.0
MgSO4.7H2O 1,000 246.49 1.0
Micronutrients
KCl 25.0 1.864 2.0
H3BO3 12.5 0.773 2.0
MnSO4.H2O 1.0 0.169 2.0
ZnSO4.7H2O 1.0 0.288 2.0
CuSO4.5 H2O 0.25 0.062 2.0
H2MoO4 (85% MoO3) 0.25 0.040 2.0
NaFeDTPA (10% Fe) 64.0 30.00 1.0

Macronutrients were added separately from the stock solution to prevent precipitation. A combined stock solution was prepared 
containing all micronutrients except iron. 

Experiment managements

The seedbed was prepared by cultivating the 
field two times with tractor-mounted cultivar each 
followed by planking. Two varieties of chickpea viz: 
C-44 and CM-72 were sown on 15th October 2016 
and 17th October 2017 with a single row hand drill at 
a seed rate of 40 kg ha-1. The plot size was 3 m × 1.8 
m. At two to four-leaf stages, the crop was thinned 
to maintain the plant to plant distance of 10 cm. Pre-
emergence herbicide, dual gold was sprayed @ 2.5 
L ha-1 to keep the field free from weeds. Hoagland’s 
solution was sprayed with a backpack sprayer 
equipped with a flat-fan nozzle at chosen growth 
stages (Tee jet 8002E Nozzle, Spraying Systems 

Company, Wheaton, IL) calibrated to deliver 250 
L ha-1 at a walking speed of 3.2 km ha-1. All other 
agronomic practices such as hoeing and plant 
protection measure were kept normal and uniform 
for each plot. The crop was harvested when about 
more than 90% of pods had reached to maturity.

Data collection

During both growing season after seven days 
of the last spray of Hoagland’s solution application 
dry weight of chickpea plants was noted. Five 
plants were selected at random from each treatment. 
Each plant weighed on an electric balance and then 
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plants dried in an oven at 72ºC for 48 hours. Data of 
plant height, number of pods per plant, pod length, 
number of seed per pod, and 100-seeds weight were 
recorded at maturity by harvesting ten plants in each 
plot by using standard procedure. To get seed yield, 
the chickpea plants were harvested at maturity from 
each plot, dried in the sun, and threshed manually. 
The biological yield was recorded by collecting 
the total plant biomass from every plot, dried in 
the sun for some days, and then changed to t ha-1. 
The harvest index (%) of chickpea was described 
as a ratio of grain yield to biological yield. It was 
determined by using the following formula.

Statistical analysis

Data of both years were pooled because the year 
effect was non-significant. Data collected on growth 
and yield parameters were analyzed statistically by 
using Statistix 8.1 software analysis of variance 
techniques and the significance of treatments was 
tested using Tukey’s (HSD) test at a 5% probability 
level (Steel, Torrie, & Dicky, 1997). Pre-planned 
orthogonal contrasts with a single degree of freedom 
were used to compare Hoagland’s solution strengths 
and application time of each strength. The graphical 
representation of the data was performed by using 
Sigma Plot 11.0. Average of both year’s data was 
presented for each parameter.

Results and Discussion

Chickpea dry weight was recorded seven days 
after the last spray of Hoagland’s solution. Data in 
table 2 indicated that the dry weight of chickpea 
significantly affected by various application times 
and strengths of Hoagland’s solution. The highest 
dry weight per plant (34.7 g) was recorded with 
75% strength of Hoagland’s solution applied at 21 
days after crop emergence (DACE). The chickpea 
cultivar CM-72 produced more dry weight than that 
of C-44. Foliar application of distilled water gave 
the lowest dry weight of chickpea (Table 2).

At earlier growth stages (7 or 14 DACE), 
chickpea plants required less amount of nutrients 
that can be fulfilled from the soil. However, an 
increase in the size of chickpea plants aggravated 
their nutrient needs, and the application of 
Hoagland’s at 21 DACE fulfilled this increased 
nutrients requirements and hence, enhanced the 
growth, yield, and its components. So, the increase 
in plant dry weight might be due to taller plants. 
These results are in accordance with the findings of 
Waheed et al. (2019) and Sarwar, Ashraf and Javaid 
(2017), who reported that the dry weight of mash 
bean and mung bean improved significantly with 
75% strength of Hoagland’s solution applied at 21 
DACE. Similarly, Krishnaveni, Anandha, Palchamy 
and Mahendran (2004) reported that foliar spray of 
nutrients at a suitable growth stage increased the 
growth of green gram. 

Chickpea plant height of both cultivars 
was significantly influenced by the exogenous 
application of Hoagland’s solution applied at 
different growth stages (Table 2). The plant height 
of CM-72 was more than C-44.  Data indicated that 
75% strength of Hoagland’s solution applied at 21 
DACE produced a taller plant which was similar to 
that with the same strength of Hoagland’s solution 
when sprayed at 7 or 14 DACE. However, the lowest 
plant height of chickpea was observed in plots 
where distilled water was applied. The difference in 
plant height of chickpea varieties might be due to 
genetic variation among the varieties and variable 
response to the foliar spray of Hoagland’s solution. 
Scientists reported that plant height is a genetically 
controlled parameter and may vary in response 
to several rates of added fertilizers (Rahim, 
Mia, Mahmud, & Afrin 2008; Law-Ogbomo & 
Egharevba, 2009; Bozorgi, Azarpour, & Moradi, 
2011). According to Valenciano, Boto, & Marcelo 
(2010), chickpea varieties and nutrient applications 
showed significant differences in plant height. The 
more height of the chickpea plant due to the foliar 
spray of Hoagland’s solution might have been due 
to the adequate and balanced nutrition that enhanced 
growth- and growth-related parameters.
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Table 2
Dry weight, plant height and pod length of two chickpea cultivars as influenced by different application time 
and strengths of Hoagland’s solution 

Treatment
Dry weight (g) per plant Plant height (cm) Pod length (cm)

C-44 CM-72 Mean C-44 CM-72 Mean C-44 CM-72 Mean
DW at 7 DACE 18.8NS 31.2 25 d 38.3NS 66.9 52.6 d 2.31NS 2.56 2.43 cd
HS25 at 7 DACE 24.7 36.7 30.7 abcd 42.3 66.0 54.2 cd 2.67 3.12 2.90 abcd
HS50 at 7 DACE 28.1 36.7 32.4 abc 53.9 75.3 64.3 ab 2.85 3.02 2.93 abcd
HS75 at 7 DACE 30.1 37.5 33.8 ab 54.7 78.1 66.6 a 3.20 3.55 3.37 ab
DW at 14 DACE 21.8 33.3 27.5 bcd 37.6 63.1 50.4 d 2.30 2.70 2.50 cd
HS25 at 14 DACE 25.8 33.8 29.8 abcd 43.9 67.3 55.6 cd 2.88 3.25 3.06 abc
H50 at 14 DACE 29.2 36.7 33 ab 53.4 75.8 64.6 ab 3.17 3.37 3.27 ab

HS75 at 14 DACE 29.9 34.3 32.1 abc 56.2 78.0 67.6 a 3.50 3.26 3.38 ab
DW at 21 DACE 23.5 29.5 26.1 cd 35.9 63.3 49.6 d 2.05 2.71 2.38 d
HS25 at 21 DACE 22.8 32.1 27.8 bcd 46.4 70.9 58.7 bc 2.75 2.67 2.71 bcd
HS50 at 21 DACE 28.9 35.6 32.2 abc 53.2 76.7 64.9 a 3.17 3.30 3.23 ab
HS75 at 21 DACE 32.6 36.8 34.7 a 58.8 77.9 68.4 a 3.45 3.52 3.48 a

HSD (0.05) 1.61 6.69 1.45 6.04 0.16 0.67
Mean of cultivars 26.3 b 34.5 a 48.0 b 71.6 a 2.86 b 3.08 a

Mean sharing the same letter within the column did not differ with each other at 5% level of probability
DW = Distilled water, HS25 = 25% strength of Hoagland’s solution, HS50 = 50% strength of Hoagland’s solution, HS75 = 75% 
strength of Hoagland’s solution, DACE = days after crop emergence, NS = non-significant.

In case of pod length, CM-72 produced larger 
pods than of that C-44 (Table 2). Foliar application 
of Hoagland’s solution applied at 7, 14, and 21 
DACE shown that the highest pod length (3.48 
cm) was recorded with 75% strength of Hoagland’s 
solution applied at 21 DACE. Table 2 exhibited that 
50% strength of Hoagland’s solution applied at 21 
DACE produced almost similar pod length to that 
with 75% strength of Hoagland’s solution applied 
at 7 DACE. The enhancement in pod length of 
chickpea with the foliar spray of 75% strength of 
Hoagland’s solution applied at 21 DACE might be 
due to more production of photosynthates due to 
absorption and translocation of applied nutrients. 
Pod length is the key component that determines 
the productive ability of chickpea. Liu, Andersen 
and Jensen (2003) reported that imbalance nutrition 
caused yield losses due to an intensification of 
floral and pod abortion. Application of Hoagland’s 

solution containing N and other plant growth 
regulators significantly enhanced the chickpea N 
fixation, plant height, pods per plant, and pod length 
(Fatima, Bano, Sial, & Aslam, 2008).

The number of pods per plant deferred 
significantly between the chickpea cultivars. Cultivar 
CM-72 produces more number of pods per plant than 
that of C-44. Table 3 showed that 75% strength of 
Hoagland’s solution sprayed at 21 DAEC resulted in 
the maximum number of pods per plant as compared 
to distilled water spray. However, no difference was 
observed in the number of pods per plant with 75% 
strength of Hoagland’s solution when sprayed at 7 
or 14 DACE. Interaction of cultivars × Hoagland’s 
strengths was significant and showed that the 
highest number of pods per plant was measured in 
CM-72 with 75% strength of Hoagland’s solution 
sprayed at 21 DACE (Table 3). Different times 
and strengths of solution significantly improved 
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the number of seeds per pod in both cultivars. The 
increase in the number of seeds per pod due to 
foliar application of Hoagland’s solution was more 
in C-44 than CM-72 (Table 3). The 75% strength 
of Hoagland’s solution recorded the maximum (1.8) 
number of seed per pod which was followed by the 
same strength of Hoagland’s solution applied 7 or 
14 DACE (Table 3). The increase in the number of 
pods per plant and number of seeds per pod with 
75% strength of Hoagland’s solution sprayed at 21 
DACE may be due to optimum strength and time of 
application that mitigated the deleterious effects of 
abiotic stresses and improved the number of pods 
per plant and seeds per pod. Application of nutrients 
solutions such as molybdenum, zinc, and boron 
resulted in an increased number of pods per plant, 
grains per pod, 100-seed weight, and seed yield of 
chickpea under pot culture (Valenciano et al., 2010). 

These findings are further supported by Jha, 
Sharma and Amarawat (2015) who revealed 
that foliar spray of iron and zinc significantly 
enhanced the number of pods per plant in black 
gram. Okweche, & Avav (2013) stated that various 
nutrients application significantly augmented the 
number of pods per plant in mung bean. Rahman et 
al. (2014) also reported that foliar spray of micro-
nutrients (B + Mo + Zn) increased the number 
of seeds per pod in common bean. Chickpea 
genotypes and nutrient applications showed 
significant differences in the number of seeds per 
pod (Ghassemi-Golezani & Taifeh-Noori, 2010). 
These findings are in agreement with Shahid et al. 
(2012) who revealed that chickpea varieties showed 
significant variability for number of pods per plant, 
number of seeds per pod, and seed yield under 
salinity stress by the application of Hoagland’s 
solution.

Table 3
Number of pods per plant, number of seeds per pod and 100-seed weight of two chickpea cultivars as influenced 
by different application time and strengths of Hoagland’s solution

Treatment
Number of pod per plant Number of seeds per pod 100-seed weight

C-44 CM-72 Mean C-44 CM-72 Mean C-44 CM-72 Mean
DW at 7 DACE 73.4 cde 81.8 abcde 77.6 b 1.52NS 1.57 1.54 d 16.2NS 16.5 16.3 d
HS25 at 7 DACE 83.9 abcde 85.4 abcd 84.6 ab 1.68 1.63 1.65 abcd 17.5 18.5 18 cd
HS50 at 7 DACE 87.3 abcde 91.1 abc 89.2 a 1.77 1.8 1.78 abc 19.2 22.7 21 abc
HS75 at 7 DACE 90.5 abcd 93.3 ab 91.9 a 1.93 1.67 1.80 ab 21.2 21.7 21.5 ab
DW at 14 DACE 78.1 bcde 84.7 abcde 81.4 ab 1.56 1.56 1.56 d 16.5 17.2 16.8 d
HS25 at 14 DACE 73.8 de 90.7 abc 82.2 ab 1.65 1.55 1.60 bcd 17.7 20.2 19 bcd
H50 at 14 DACE 83.4 abcde 96.4 ab 89.9 a 1.80 1.70 1.75 abcd 20.2 20.5 20.3 abc

HS75 at 14 DACE 90.5 abcd 94.5 ab 92.5 a 1.85 1.75 1.80 ab 22 21.2 21.6 ab
DW at 21 DACE 77.7 bcde 73.6 de 75.5 b 1.69 1.52 1.61 bcd 17.5 19.2 18.3 bcd
HS25 at 21 DACE 86.1 abcde 84.1 abcde 85.1 ab 1.57 1.56 1.57 cd 18.7 18.7 18.7 bcd
HS50 at 21 DACE 91.5 abc 92 abc 91.7 a 1.85 1.74 1.80 ab 19.7 21.5 20.6 abc
HS75 at 21 DACE 87.9 abcd 97.8 a 92.8 a 1.95 1.72 1.83 a 23.5 22.5 23 a

HSD (0.05) 2.79 11.59 0.05 0.22 0.79 3.50
Mean of cultivars 83.2 b 88.8 a 1.73 a 1.65 b 19.1 b 20.0 a

Mean sharing the same letter within the column did not differ with each other at 5% level of probability
DW = Distilled water, HS25 = 25% strength of Hoagland’s solution, HS50 = 50% strength of Hoagland’s solution, HS75 = 75% 
strength of Hoagland’s solution, DACE = days after crop emergence, NS = non-significant.
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who stated that the yield of chickpea is severely 
affected by nutrient deficiency. The results are also 
supported by Arif et al. (2006) who reported that 
biological yield improved considerably by foliar 
spray of nutrient solution consisting of N, P, and K 
at the rate of 100 g L-1 and all micronutrients applied 
at the rate of 0.8 g L-1. Khan, Fuller and Baluch 
(2008) also described that at the lateral growth 
stage, biological yield of wheat enhanced due to the 
foliar application of micro-nutrients.

All strengths of Hoagland’s solution impart 
a significant impact on chickpea yield. Cultivar 
CM-72 recorded higher seed yield as compared to 
C-44. Exogenous application of 75% strength of 
Hoagland’s solution applied at 21 DACE recoded 
maximum seed yield which was followed by the 
same strength of Hoagland’s solution applied at 
14 or 7 DACE (Table 4). In CM-72 highest seed 
yield (3.5 t ha-1) was measured with 75% strength of 
Hoagland’s solution applied at 21 DACE. Results 
of the study suggested that 75% strength of solution 
at 21 DACE was more effective to obtain a higher 
seed yield of chickpea. An increase in seed yield of 
chickpea with the foliar spray of Hoagland’s solution 
may be due to more chlorophyll formation and 
photosynthesis. Arif et al. (2006) stated that foliar 
spray of nutrients significantly augmented the seed 
yield. Zain et al. (2015) also reported that the seed 
yield of wheat improved from 24 to 38% in wheat 
by foliar spray of micro-nutrients (FeSO4 + ZnSO4 + 
MnSO4). Similarly, Waheed et al. (2019) concluded 
that 75% strength of Hoagland’s solution applied 
21 days after emergence significantly improved the 
grain yield of mash bean. The deficiency of different 
nutrients resulted in a reduction of plant growth and 
yield. The deficiency of boron resulted in 10% yield 
losses (Ahlawat, Gangaiah, & Ashraf 2007). The 
results of Sadeghi and Noorhosseini (2014) showed 
that nutrients application efficiently prohibited the 
occurrence of chlorosis and significantly augmented 
the seed yield of lentil.

All tested strengths of Hoagland’s solution 
imparted a beneficial effect on the 100-seeds weight 
of chickpea cultivars. The CM-72 recorded a higher 
(20 g) 100-seeds weight over C-44 (19.1 g) (Table 
3). Of all the treatments, 75% strength of Hoagland’s 
solution produced a maximum (23 g) 100-seeds 
weight of chickpea. Results also revealed that lower 
strength (25% strength of Hoagland’s solution) and 
distilled water sprayed at 7 DACE did not improve 
the 100-seeds weight. In our results, foliar spray of 
75% strength of Hoagland’s solution applied at 21 
DACE enhances the 100-seed weight that might 
have been due to balance nutrient status within the 
plants which helped to produce more photosynthates 
and plants were capable to shift these photosynthates 
into the reproductive parts. According to Arif et 
al. (2006), foliar spray of nutrients significantly 
improved the grain weight. These results are in 
agreement with Fatima et al. (2008) who stated that 
foliar application of Hoagland’s solution containing 
N and other plant growth regulators significantly 
enhanced the chickpea N fixation, plant height, 
pods per plant, pod length, 100-seeds weight, and 
seed yield.

There was a non-significant effect of various 
strengths of Hoagland’s solution on the biological 
yield of chickpea cultivars. However, the foliar 
application of Hoagland’s solution applied at 
different growth stages to chickpea showed 
substantial response (Table 4). Among the different 
strengths and growth stages, 75% strength of 
Hoagland’s solution applied at 21 DACE recorded 
maximum biological yield (7.58 t ha-1) (Table 4). 
Data also suggested that the lowest (25%) strength 
of Hoagland’s solution applied at 7, 14 and 21 
DACE produced similar results. The minimum 
value of biological yield (5.76 t ha-1) was observed 
with distilled water spray. The increase in biological 
yield might be due to balance nutrients application 
which enhanced the growth of chickpea. These 
results are in accordance with Chakmak (2010) 
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Foliar spray of different strengths of Hoagland’s 
solution affected the Harvest index (%) of tested 
chickpea cultivars. The harvest index of CM-72 
(48.48%) was higher over C-44 (45.86%). While 
the effect of different strengths of Hoagland’s 
solution under different growth stages was non-
significant (Table 4). Our study is supported by 
the findings of Hussain et al. (2006) who described 
that harvest index did not decrease significantly by 
nutrients application. These results are contrary 
with the results of Khan et al. (2008) who stated 
that harvest index augmented significantly by foliar 
spray of micro-nutrients applied at different growth 
stages.

Orthogonal contrasts of various application 
times and strengths of Hoagland’s solution for 
growth, yield, and its components of chickpea 
cultivars presented in table 5. The selected 
contrasts for comparison were HS25 vs. HS50, HS25 

vs. HS75 and HS50 vs. HS75 strength of Hoagland’s 
solution whereas contrasts for application time of 
Hoagland’s solution were 7 DACE vs. 14 DACE, 7 
DACE vs. 21 DACE, and 14 DACE vs. 21 DAEC 
(HS = Hoagland’s solution: 25, 50 and 75 are the 
strength of Hoagland’s solution percentage). The 
contrasts of HS25 vs. HS50, HS25 vs. HS75 and HS50 vs. 
HS75 were significant for plant height, pod length, 

100-seeds weight, and seed yield (Table 5). Results 
of these contrasts showed that growth and yield of 
chickpea improved with an increase in the strength 
of Hoagland’s solution. However, the contrast of 
HS50 vs. HS75 strength of Hoagland’s solution was 
non-significant for dry weight, number of pods per 
plant, number of seeds per pod, and harvest index. 
The HS75 strength of Hoagland’s solution indicated 
higher values of these traits than those obtained for 
HS25or HS50 (Table 5).

Contrasts comparisons for application time 
of Hoagland’s solution were planned in table 5. 
Data showed that application time of Hoagland’s 
solution significantly affected the growth and yield 
traits of chickpea. The contrast of 7 DACE vs. 21 
DACE was significant for plant height, number of 
pod per plant, 100-seeds weight, biological and 
seed yield. Whereas, the contrasts 7 DACE vs. 14 
DACE and 14 DACE vs. 21 DACE was significant 
for biological yield. These results suggested that 
foliar spray of Hoagland’s solution applied at 21 
DACE was more effective than 7 or 14 DACE in 
terms of growth and yield. Contrasts of 7 DACE 
vs. 14 DACE and 14 DACE vs. 21 DACE was non-
significant for all studied traits except biological 
yield (Table 5).
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Table 4
Biological yield, seed yield and harvest index of two chickpea cultivars as influenced by different application 
time and strengths of Hoagland’s solution 

Treatment
Biological yield (t ha-1) Seed yield (t ha-1) Harvest index (%)

C-44 CM-72 Mean C-44 CM-72 Mean C-44 CM-72 Mean
DW at 7 DACE 5.20NS 6.33 5.76 d 2.85NS 3.07 2.96 f 41.6NS 46.1 43.9NS

HS25 at 7 DACE 6.33 7.08 6.70 abcd 2.94 3.19 3.07 de 48.5 46.0 47.2
HS50 at 7 DACE 7.09 7.27 7.18 abc 3.10 3.33 3.21 b 44.0 46.3 45.1
HS75 at 7 DACE 7.48 7.32 7.40 ab 3.24 3.50 3.37 a 50.0 46.9 48.4
DW at 14 DACE 5.85 6.62 6.24 bcd 2.87 3.10 2.99 ef 42.3 47.0 44.7
HS25 at 14 DACE 6.67 6.74 6.70 abcd 2.96 3.23 3.10 cd 44.6 48.5 46.6
H50 at 14 DACE 7.53 6.95 7.24 ab 3.10 3.35 3.23 b 43.9 51.6 47.8

HS75 at 14 DACE 7.36 7.51 7.43 ab 3.29 3.51 3.40 a 48.2 52.6 50.4
DW at 21 DACE 5.99 5.82 5.91 cd 2.86 3.05 2.96 f 40.8 48.5 44.6
HS25 at 21 DACE 6.23 6.45 6.34 abcd 2.97 3.23 3.10 cd 48.2 51.5 49.9
HS50 at 21 DACE 7.18 7.13 7.16 abc 3.06 3.33 3.19 bc 42.7 46.8 44.8
HS75 at 21 DACE 7.90 7.26 7.58 a 3.21 3.52 3.36 a 55.0 49.5 52.2

HSD (0.05) 0.31 1.31 0.02 0.09 2.28 9.48
Mean of cultivars 6.73 a 6.87 a 3.04 b 3.29 a 45.8 b 48.4 a

Mean sharing the same letter within the column did not differ with each other at 5% level of probability
DW = Distilled water, HS25 = 25% strength of Hoagland’s solution, HS50 = 50% strength of Hoagland’s solution, HS75 = 75% 
strength of Hoagland’s solution, DACE = days after crop emergence, NS = non-significant.

Table 5
Orthogonal contrasts comparing the impact of different strength and application time of Hoagland’s solution 
on dry weight, plant height, number of seeds per pod, pod length, 100-seed weight, biological yield, seed yield 
and harvest index of chickpea

Contrast 
Comparison

Dry 
weight (g) 
per plant

Plant 
height 
(cm)

Pod 
length 
(cm)

Number of 
pods per 

plant

Number 
of seeds 
per pod

100-seed 
weight

Biologi-
cal yield 
(t ha-1)

Seed 
yield 

(t ha-1)

Harvest 
index 
(%)

HS25 vs. HS50

a29.0 vs. 
32.5**

56.1 vs. 
64.6**

2.8 vs. 
3.1*

83.9 vs. 
90.2**

1.60 vs. 
1.77**

18.5 vs. 
20.6**

6.58 vs. 
7.19**

3.09 vs. 
3.21**

47.9 vs. 
45.9*

HS25 vs. HS75
29.0 vs. 
33.5**

56.1 vs. 
67.3**

2.8 vs. 
3.4**

83.9 vs. 
92.4**

1.60 vs. 
1.81**

18.5 vs. 
22.0**

6.58 vs. 
7.47**

3.09 vs. 
3.37**

47.9 vs. 
50.4NS

HS50 vs. HS75
32.5 vs. 
33.5NS

64.6 vs. 
67.3**

3.1 vs. 
3.4*

90.2 vs. 
92.4.1NS

1.77 vs. 
1.81NS

20.6 vs. 
22.0*

7.19 vs. 
7.47NS

3.21 vs. 
3.37**

45.9 vs. 
50.4NS

7 DACE vs. 
14 DACE

30.4 vs. 
30.6NS

58.9 vs. 
59.5NS

2.9 vs. 
3.0NS

85.8 vs. 
86.5NS

1.69 vs. 
1.67NS

19.2 vs. 
19.4NS

6.61 vs. 
6.90*

3.15 vs. 
3.18NS

46.2 vs. 
47.3NS

7 DACE vs. 
21 DACE

30.4 vs. 
30.2NS

58.9 vs. 
60.4*

2.9 vs. 
2.95NS

85.8 vs. 
86.2*

1.69 vs. 
1.70NS

19.2 vs. 
20. 1*

6.61 vs. 
6.74*

3.15 vs. 
3.22*

46.2 vs. 
47.9NS

14 DACE vs. 
21 DACE

30.6 vs. 
30.2NS

59.5 vs. 
60.4NS

3.0 vs. 
2.95NS

86.5 vs. 
86.2NS

1.67 vs. 
1.70NS

19.4 vs. 
20. 1NS

6.90 vs. 
6.74*

3.18 vs. 
3.22NS

47.3 vs. 
47.9NS

a Value in the table are the average of response. Abbreviations: HS25 = 25% strength of Hoagland’s solution, HS50 = 50% strength 
of Hoagland’s solution, HS75 = 75% strength of Hoagland’s solution, DACE = days after crop emergence.
*Comparisons are significant at p ≤ 0.05 level of probability.
** Comparisons are significant at p ≤ 0.01 level of probability.
NS Comparisons are non-significant.
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Conclusion

Foliar spray of different strengths of Hoagland’s 
solution applied at different growth stages 
significantly affected the growth and yield of 
chickpea. The chickpea variety CM-72 showed 
superiority over C-44 in terms of growth and yield. 
However, 75% strength of Hoagland’s solution 
found to be the best in producing maximum 
100-seeds weight, seed yield, and biological yield 
when sprayed at 21 days after chickpea emergence. 
It is suggested that to achieve maximum chickpea 
growth and yield, cultivar CM-72 should be planted 
and sprayed with 75% strength of Hoagland’s 
solution at 21 DACE under rain-fed conditions.
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