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Abstract 
 

Chickpea (Cicer arietinum L.) is sensitive to Zn deficiency during early establishment period of seedling 

growth. Seed of two chickpea genotypes, Noor-91 and Punjab were primed in aerated solution of different Zn 

concentrations (0.025, 0.05, 0.075 and 0.1%) using hydropriming as control. Nutri-priming with 0.025% and 

0.05% Zn increased the seed germination and seedling vigor in Noor-91 and Punjab genotypes. In case of 

seedling emergence, response to nutria-priming with Zn varied in chickpea genotypes and seed nutria-primed 

with 0.05% and 0.1% Zn emerged earlier and had high energy of emergence and final emergence percentage. 

Likewise, seed nutri-priming with 0.05% and 0.1% Zn concentration increased seedling fresh and dry weights in 

Noor-91 and Punjab chickpea genotypes. Poor seedling growth was recorded for hydropriming or seed nutri-

priming with 0.025% Zn treatments. A positive relationship of Zn nutri-priming with seed germination index 

and seedling growth traits was also found. The variable response of both genotypes to early seedling growth was 

due to increased seed Zn contents by different Zn nutrient-priming treatments. In conclusion, seed nutri-priming 

with 0.05% and 0.1% Zn can be used under field investigation especially under low soil Zn conditions. 
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1. Introduction 
 

Zn deficiency is a widespread problem in crop plants 

and humans worldwide. More than 30% of world’s 

soils are low in plant-available Zn (Alloway, 2008, 

Rehman et al., 2012) resulting in reduced crop yield 

and quality of harvested produce (Cakmak, 2008). 

Chickpea is an important legume crop grown in 

marginal and rain-fed areas with soils low in 

available Zn, hence, crop become deficient to its 

deficiency during different development stages (Khan 

et al., 1998, 2000; Ullah et al., 2020). Improving Zn 

availability, especially during critical and early 

establishment growth period may ensure better crop 

development and yield under limited soil Zn supply 

in chickpea (Khan et al., 2000; Ullah et al., 2019). 

Growing seeds enriched with Zn have several 

agronomic benefits, including improved seedling 

vigor and seed viability, reduced seed rate and higher 

yield in Zn-deficient soils (Rengel and Graham, 1995, 

Rengel, 2002, Cakmak, 2008, Farooq et al. 2012). 

Zinc is involved in several physiological processes 

such as protein synthesis, cell elongation and 

membrane functions affecting germination and early 

seedling development (Cakmak, 2000; Ozturk et al. 

2006). Further, high seed Zn improves crop resistance 

to biotic and abiotic stresses during early seedling 

establishment period ensuring better crop stand and 

ultimately yield (Marschner, 1995; Faran et al. 2019). 

Increased vegetative and grain yield from enhanced 

seed micronutrient contents have been also reviewed 

by Welch (1986), Ascher et al. (1994) and Ullah et al. 

(2020).  

Seed priming is a controlled hydration process that 

allows pre-germination metabolic events to occur 

within seed without actual germination and then re-

dried to original moisture for routine handling 

(Farooq et al., 2019).  Different salts and osmotica are 

incorporated into the priming media for controlled 

hydration and lowered water potential (Farooq et al., 

2009). Polyethylene glycol (PEG), potassium salts 

(KNO3, K3PO4, KH2PO4, KCl), magnesium sulphate 

(MgSO4), CaCl2, CaPHO4, H2O2, manitol and 

glycinebetain are some of the salts and osmotica 

being used for priming. Nonetheless, use of macro- 

and micronutrients as priming agent has increased for 

their efficient use in crop production (Ullah et al., 

2020). For example, Ali et al. (2008) found increase 

in seed P contents and significant improvement in 

seed yield from seed primed with P. Likely increased 

seed Zn contents by seed priming in ZnSO4 solution 

enhanced the maize crop yield (Harris et al., 2007).   

Use of micronutrients (Zn, B, Mn) for seed treatment 

is an inexpensive and effective way to improve plant 

nutrient status. Nutrient seed priming or nutri-priming 

involves soaking of seeds in mineral nutrient solution 

and is followed by re-drying to the initial seed dry 

weight (Farooq et al., 2012). In this technique, 
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micronutrients are used as an osmotica to improve the 

germination rate and early seedling growth with an 

increase in micronutrient status and activation of 

metabolic processes necessary for germination during 

priming (Singh, 2007, Imran et al., 2008).  

Nutrient seed priming with Zn using ZnSO4 has been 

found to improve germination, seedling emergence 

and subsequent crop performance in wheat (Harris et 

al., 2005), maize (Harris et al., 2007), chickpea 

(Harris et al., 2008; Ullah et al., 2019), common bean 

(Kaya et al., 2007), barley (Ajouri et al., 2004) and 

rice (Salton et al., 2001). The improved seedling 

performance in these crops was the result of increased 

Zn uptake attributable to early establishment of root 

system (Ajouri et al., 2004; Ullah et al., 2019). Ullah 

et al. (2019) found an increase in the germination, 

early seedling growth and seedling Zn concentration 

of chickpea genotypes when seeds were primed with 

0.001 M Zn. However, it was also reported that 

chickpea seed primed with ≥ 0.01 M Zn showed 

toxicity and suppressed germination and seedling 

growth.  Nevertheless, chickpea is very sensitive to 

Zn deficiency during early crop establishment and 

differential response is found in chickpea genotypes 

for their sensitivity to Zn deficiency (Khan et al., 

1998; Ullah et al., 2020). And Zn efficiency in 

chickpea genotypes is related to improved uptake of 

Zn following its better transport from root to shoot 

(Khan et al., 1998; Ullah et al., 2020). Thus, at early 

seedling growth stage, improvement in root growth 

along with early establishment of root system could 

play an important role in nutrient acquisition 

including Zn. For instance, Rengel and Graham 

(1995) concluded that high seed Zn content has 

starter fertilizer effect and there must be adequate Zn 

content to support early seedling growth until the 

roots become functional for nutrient uptake under Zn-

deficient condition. Further, seed Zn content may be 

used to explain the difference for Zn efficiency in 

genotypes (Rengel and Graham, 1995).  As Zn is 

involved in auxin synthesis a regulator of cell 

division including radicle and coleoptile growth of 

seedling development (Ozturk et al. 2006) and its 

deficiency has been reported to restrict root growth in 

chickpea (Khan 1998). Likely, low or high seed Zn 

concentration impedes germination due to decrease 

gibberellic acid and zeatin levels in germinating seeds 

of chickpea (Atici et al. 2005). This underpins that Zn 

is involved in several metabolic processes related to 

plant development (Ali et al. 2000; Gadallah and El-

Enany, 1999). Therefore, present study was 

conducted to determine the effect of Zn seed nutri-

priming in modulation of germination and early 

seedling growth response in two chickpea genotypes 

at different Zn concentrations and very little 

information is available on choosing seed Zn contents 

as a criterion in characterizing genotypes for their Zn 

efficiency. 

 

 

2. Materials and Methods 
 

Seed of widely grown two chickpea cultivars viz. 

kabuli type Noor 91 and desi type Punjab used in this 

study were obtained from Pulses Research Institute, 

Ayub Agriculture Research Institute, Faisalabad, 

Pakistan. The initial seed moisture content was 11.8 

and 11.6% of cv. Noor 91 and Punjab respectively (on 

a dry weight basis). For nutri-priming, a specified 

quantity of each genotype was soaked in aerated 

solution of 0.025, 0.05, 0.075 and 0.1% (w/v) Zn 

solution using ZnSO4 for 10 h. Hydropriming was 

carried out by soaking seeds in distilled water. For 

each priming treatment, seed weight to solution 

volume ratio was kept 1:5 (w/v). After soaking 

period, seeds were given three surface washings with 

distilled water and dried closer to the original 

moisture level with forced air, after which they were 

sealed in polythene bags and stored in a refrigerator 

at 7±1°C until use. 

2.1. Seedling vigor evaluation 
2.1.1. Germination Test 
Hydro-primed and nutri-primed seeds (10 each per 

replicate) were placed between layers of moist filter 

papers in petri plates at 22±2°C in an incubator 

(Sanyo, England). A completely randomized design 

with four replications was used. Germination was 

observed daily according to the Association of 

Official Seed Analysis method (AOSA, 1990) until a 

constant count was achieved. The time to 50% 

germination (T50) was calculated according to the 

formula given by Coolbear et al. (1984):  
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where N is the final germination count, ni and nj are 

cumulative numbers of seeds germinated by adjacent 

counts at times ti and tj when ni < N/2 < nj. 

A seed was considered germinated on appearance of 

primary root from chickpea seed. Germination energy 

(GE) was calculated in percentage after four days of 

sowing. Germination index (GI) was calculated using 

the following formulae (Association of Official Seed 

Analysts, 1983): 

countfinalofDays

seedsgerminatedofNo.

countfirstofDays

seedsgerminatedofNo.
GI +−−−−−−+=

 
Mean germination time (MGT) was calculated 

according to the equation of Ellis and Roberts (1981). 

On 15th day after germination, seedlings were tested 

for vigour evaluation. Shoot and root lengths were 

recorded from 5 randomly selected seedlings per 

replicate. The number of leaves and roots were taken 

as leaf and root scores respectively. The seedling’s 

fresh weight was determined immediately after 

harvest whereas the dry weight was taken after drying 

at 70°C for 48 h. 

2.1.2. Seedling mergence 

Control and treated seeds were sown in 20 x 20 cm 
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plastic trays (15 in each) containing moist sand and 

were placed in a growth chamber (Vindon, England) 

at 22±2°C, humidity 70-80%, for 12 h in 24000-

26000 Lux fluorescent + incandescent light. Again, a 

completely randomized design with four replications 

was used. Emergence was observed daily according 

to the Association of Official Seed Analysis method 

(AOSA, 1990) until a constant count was achieved. 

The time to 50% emergence (E50) was calculated 

according to the formulae of Coolbear et al. (1984). A 

seed was scored germinated on appearance of 

primary root from chickpea seed. Percent emergency 

energy (EE) was calculated in percentage after four 

days of sowing. Mean emergence time (MET) was 

calculated according to the equation of Ellis and 

Roberts (1981): 




=
n

Dn
MET  

Emergence index (EI) was calculated as described in 

the Association of Official Seed Analysts (1983). 

Root and shoot length, and seedling fresh and dry 

weights were recorded 16 days after sowing. The 

number of leaves and roots at harvest were designated 

as leaf score and root score respectively. 

2.2. Statistical analysis 

All data were analyzed using MS-office Excel 

spreadsheet by calculating standard error (SE) to 

compare the means. Graphical presentation was also 

made using MS-office excel spreadsheet.     

 

3. Results 
 

3.1. Seed germination and vigor 
Zn Nutri-priming showed varied response for seed 

germination and vigor in both chickpea genotypes at 

different concentrations (Tables 1 and 2). Seed 

priming with 0.25% Zn reduced the T50 and MGT in 

Noor-91 and with 0.5% Zn in Punjab as compared 

with hydropriming (Table 1). The germination index 

was also significantly high with 0.25 and 0.5% Zn in 

kabuli and desi type respectively. Nonetheless, 

germination energy and final germination percentage 

were highest for Zn nutri-priming at 0.25% in both 

genotypes and response for FGP was similar at 0.5% 

for Punjab genotype (Table 1).  

Highest shoot and root length, leaf and root scores 

were found for seeds primed with 0.25% and 0.5% 

Zn in both genotypes in comparison to hydro-priming 

and other nutri-priming treatments respectively 

(Table 2). However, the leaf score was similar to 

0.75% Zn in desi type. Similarly, maximum seedling 

fresh and dry weights were recorded for Zn nutri-

priming at 0.25% and 0.5% Zn in both genotypes 

followed by 0.5 and 0.75% in kabuli and desi 

genotypes respectively (Table 2).    
3.2. Seedling mergence traits 

Response to Zn nutri-priming for seedling emergence 

was different that for seed germination and vigor. 

Seed priming with 0.1 and 0.5% Zn substantially 

improved the number of seedling emerged per day 

and the emergence rate was high in Noor-91 and 

Punjab genotypes respectively. Nonetheless, rate of 

seedling emergence was reduced and minimum for 

water-soaked seeds in both genotypes (Figure 1).  

  

 Figure 1: Influence of Zn nutri-priming on the seedling emergence of 

two chickpea genotypes in sand filled pots  

 

Highest EI was recorded for seeds primed with 1.0 

and 0.5% Zn in chickpea genotypes kabuli and desi 

respectively. Response was also similar with 1.0 and 

0.5% Zn with reduced E50 and MET in both 

genotypes. Nonetheless, MET values were similar for 

0.1 and 0.5% Zn in Noor-91 and for 0.25% and 0.5% 

Zn in Punjab genotype. Similarly, highest EE and 

FEP were recorded for 1.0% and 0.5% Zn nutri-

primed seeds in both genotypes respectively (Table 

3).                 
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Shoot length was highest for 0.75% Zn in Noor-91 

and for 0.5 and 1.0% Zn in Punjab. Root length was 

highest at 1.0% Zn while response was similar at 0.5 

and 1.0% Zn in Punjab as in the case of shoot length 

(Table 3). Maximum leaf score was found for seed 

primed with 0.75 and 0.5% Zn in genotypes Noor-91 

and Punjab respectively. The highest root score 

recorded for 1.0% Zn nutri-priming in Noor-91 was 

similar to 0.5% and 1.0% Zn in Punjab genotype. 

Seedling fresh and dry weights were increased by Zn 

nutri-priming with 1.0% in both genotypes followed 

by seed soaked in 0.75% Zn for genotype Noor-91  

and 0.5% for Punjab for both fresh and dry weights 

(Table 4).   

 

 

4. Discussion 
 
Nutri-priming with Zn at medium (0.05%) to high 

(1.0%) concentration have potential to affect seedling 

establishment in chickpea genotypes. The variable 

response of two chickpea genotypes to Zn seed 

treatments was due to differences in inherent seed Zn 

contents and Zn efficiency in chickpea (Khan et al., 

1998). High seed Zn contents have started fertilizing 

effect and explain genotyping difference for Zn 

efficiency (Rengel and Graham, 1995). Early 

germination and improvement in seedling growth 

from 0.05% or 0.1% Zn (Table 1, 2 and 3) was the 

result of high vigor levels as indicated from positive 

correlation between EI and seedling dry weight 

(Table 5 and 6).  

Table: 1 Effect of Zn nutri-priming on seed germination of two chickpea genotypes in pteri-dishes. 
Genotype/ 

Zn nutri-priming 

(%) 

GI 

 

T50 (days) 

 

MGT (days) 

 

GE (%) 

 

FGP (%) 

 Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab 

0 11.56±0.04 16.32±0.19 2.32±0.39 1.20±0.05 4.47±0.05 4.33±0.03 86.67±3.33 80.00±5.77 86.67±5.77 86.67±5.77 

0.025 18.68±0.14 12.49±0.07 1.00±0.00 1.38±0.04 4.11±0.01 4.43±0.11 96.67±3.33 96.67±3.33 100.00±0.00 96.67±5.77 

0.05 15.29±0.14 18.22±0.05 1.38±0.02 0.92±0.01 4.22±0.01 4.16±0.01 90.00±0.00 90.00±5.77 93.33±5.77 96.67±5.77 

0.075 17.18±1.01 13.94±0.04 2.56±0.14 1.18±0.04 4.38±0.01 4.19±0.03 93.33±3.33 90.00±5.77 96.67±5.77 93.33±5.77 

0.1 15.21±0.33 12.00±0.05 1.59±0.05 1.58±0.04 4.23±0.03 4.39±0.05 90.00±0.00 90.00±5.77 90.00±0.00 

 

90.00±10.00 

± SE, Standard Error 
 

Table: 2 Effect of Zn nutri-priming on seedling vigor of two chickpea genotypes in pteri-dishes 
 

Genotype/ 

Zn nutri-

priming (%) 

Plumule length (cm) Radical length (cm) Root score Leaf score 
Seedling Fresh 

weight (mg) 
Seedling Dry weight (mg) 

Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab 

0 

7.30±0.2

9 

5.57±0.0

9 

9.67±0.0

9 

6.27±0.7

8 

12.60±0.

12 

9.10±0.1

7 

5.70±0.2

9 

4.50±0.0

6 

4810.00

±2.89 

3950.67

±4.91 

883.67±2.7

3 

726.33±1.

86 

0.025 

9.05±0.0

3 

11.60±0.

06 

10.40±0.

21 

9.77±0.1

5 

13.10±0.

06 

15.30±0.

17 

6.30±0.1

7 

4.50±0.1

7 

5436.00

±11.55 

4622.67

±112.30 

960.33±4.6

7 

728.00±3.

46 

0.05 

4.54±0.0

3 

13.40±0.

06 

4.57±0.0

3 

11.77±0.

92 

9.30±0.0

6 

18.77±0.

03 

3.63±0.0

3 

5.07±0.0

7 

4231.67

±19.63 

5484.00

±173.21 

766.67±2.4

0 

794.00±6

4.51 

0.075 

6.95±0.0

3 

11.70±0.

06 

5.87±0.1

5 

6.05±0.3

8 

12.60±0.

12 

12.40±1.

80 

5.20±0.1

2 

5.13±0.1

3 

4075.67

±8.95 

4775.00

±495.96 

922.33±1.2

0 

734.00±8

3.38 

0.1 4.67±0.0

3 

4.47±0.0

9 

8.70±0.0

6 

4.70±0.1

7 

12.00±0.

35 

5.80±0.4

6 

5.80±0.1

2 

3.60±0.1

2 

4047.00

±8.08 

3203.00

±70.63 

845.67±2.9

6 

768.33±2

0.50 

 ± SE, Standard Error 
 

Table: 3 Effect of Zn nutri-priming on seedling emergence of two chickpea genotypes in sand filled germination trays 
Genotype/ 

Zn nutri-

priming (%) 
EI 

 

E50 (days) 

 

MET (days) 

 

EE (%) 

 

FEP (%) 

 Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab 

0 6.03±0.68 5.62± 4.67±0.17 4.77±0.15 6.36±0.16 8.14±0.12 33.33±3.33 33.33±3.33 63.33±3.33 66.67±3.33 

0.025 7.26±1.74 8.01± 3.76±0.14 4.55±0.08 6.27±0.21 7.82±0.14 43.33±8.82 40.00±0.00 73.33±6.67 73.33±3.33 

0.05 8.32±0.65 8.38± 3.79±0.07 3.46±0.14 6.20±0.14 7.99±0.05 50.00±5.77 43.33±3.33 80.00±5.77 93.33±3.33 

0.075 6.39±0.91 7.68± 3.75±0.12 3.90±0.06 6.33±0.06 8.22±0.04 36.67±3.33 30.00±0.00 70.00±11.55 90.00±5.77 

0.1 9.31±0.57 7.26± 3.62±0.07 4.24±0.04 6.26±0.01 8.29±0.04 56.67±8.82 23.33±3.33 93.33±6.67 89.67±0.33 

 

± SE, Standard Error 
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Highest germination energy and final germination 

percentage was also recorded for these Zn 

concentrations by 100 and 96.67% in Noor-91 and 

Punjab genotypes respectively. The decreases in GE 

and FGP were observed for Zn seed treatment at 

0.025% Zn concentration and hydropriming 

treatments in both genotypes (Tables 1 and 3). Zn 

pre-treatment improvement in germination could be 

due to earlier initiation of metabolic events during 

seedling growth (Shukla and Prasad, 1974). Increase 

in final emergence of chickpea by 0.05% Zn had been 

reported by Arif et al. (2007) and Ullah et al. (2019).  

Improvement in plumule and radical length by 0.25% 

or 0.05% Zn nutri-priming was the result of improved 

seed vigor as evident from positive correlation found 

between GI and root length (Tables 5 and 6). Similar 

increase in shoot and root lengths have been found in 

rice for 5 mg kg-1 Zn seed priming presumably 

through auxin action in cell enlargement and dry 

matter accumulation (Srinivasan and Naidu, 1986). 

Likely, Ullah et al. (2019) found an increase in shoot 

and root traits including length and secondary roots 

and their positive association with seedling dry 

weight. This might be also responsible for high seed 

vigor index in Zn nutri-primed treatments with 

favorable response and positive correlation of root 

length, shoot length, leaf, and root score (Table 5 and 

6). 

Increase in root length and root numbers in Zn nutri-

primed seeds indicates the better Zn acquisition 

during early seedling growth when grown in Zn-

deficient soils. Khan et al. (1998) described that 

increased root: shoot ratio might contribute to 

increased Zn transport to shoot in chickpea genotypes 

sensitive to Zn deficiency. Nonetheless, increased 

seedling growth attributable to Zn pre-soaking was 

attributed to enhanced Zn supply from endosperm to 

growing embryo (Srinivasan and Naidu, 1986). 

Table: 4 Effect of Zn nutri-priming on seedling growth of two chickpea genotypes in sand filled germination trays. 

 
 

Genotype/ 

Zn nutri-
priming (%) 

Shoot length (cm) Root length (cm) No. of Roots No. of Leaves 
Seedling fresh weight 

(mg) 
Seedling dry weight (mg) 

 Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab Noor-91 Punjab 

0 
5.60±0.6
4 

5.80±0.0
0 6.30±0.29 

7.70±0.2
9 

10.60±0.
35 

8.27±0.3
7 

5.67±0.1
5 

6.07±0.0
7 

3970.33
±10.17 

3192.00
±20.55 

1117.00±5.
77 

1201.33±
28.88 

0.025 

5.87±0.1

3 

6.00±0.2

9 7.97±0.20 

8.17±1.1

1 

11.77±0.

38 

10.40±0.

23 

4.57±0.0

3 

6.10±0.4

0 

4288.00

±12.50 

2776.00

±17.01 

1260.00±3.

46 

1028.67±

30.24 

0.05 
7.17±0.2
0 

8.05±0.0
9 10.17±0.38 

11.10±0.
23 

12.67±0.
61 

16.13±0.
58 

6.43±0.1
2 

7.80±0.1
2 

5302.33
±7.22 

4005.00
±54.04 

1414.67±4.
33 

1321.33±
44.66 

0.075 

8.47±0.2

6 

7.03±0.0

3 

10.90±0.29 

 

8.10±0.2

3 

12.93±0.

41 

14.70±0.

62 

7.57±0.1

2 

6.00±0.1

2 

5595.67

±3.38 

2776.67

±31.14 

1478.67±4.

91 

1152.67±2

7.17 

0.1 6.52±0.1
2 

8.03±0.1
5 

12.20±0.23 
 

11.50±0.
06 

14.13±0.
87 

16.13±0.
58 

6.00±0.2
3 

6.30±0.0
6 

5653.00
±2.52 

4642.67
±56.10 

1528.33±3.
28 

1376.33±
13.28 

± SE, Standard Error 
 

Table: 5 Correlation coefficients (r) of seedling vigor and growth characteristics of two chickpea genotypes as affected by 

Zn nutri-priming in petri-dishes 

 Seedling dry 

weight 
Shoot length Root length Leaf score Root score 

 Noor-91 Punjab Noor-91 Punjab Noor-
91 

Punjab Noor-
91 

Punjab Noor-
91 

Punjab 

T50 0.11 NS -0.19 NS 0.008 NS -0.64** -0.19 NS -0.64** 0.21 NS -0.73** 0.05 NS -0.82** 

MGT -0.007 NS -0.26 NS -0.007 NS -0.51* -0.09 NS -0.31 NS 0.13 NS -0.46 NS -0.002 NS -0.64** 

GI 0.42 NS 0.33 NS 0.31 NS 0.34 NS -0.08 NS 0.54* 0.17 NS 0.52* 0.12 0.58* 

(∗ − P < 0.1, ∗∗ − P < 0.01 n = 4) 

 

Table: 6 Correlation coefficients (r) of seedling vigor and growth characteristics of two chickpea genotypes as affected by 

Zn nutri-priming in sand filled trays  

 Seedling dry 

weight 
Shoot length Root length Leaf score Root score 

 Noor-91 Punjab Noor-91 Punjab Noor-
91 

Punjab Noor-
91 

Punjab Noor-
91 

Punjab 

E50 -0.77** -0.41NS -0.33NS -0.77** -0.73** -0.55* -0.55* -0.75** -0.23NS -0.63** 

MET -0.14NS 0.39 NS 0.12NS 0.36 NS -0.16NS 0.14NS -0.13NS  0.26NS -0.01NS  -0.15NS 

EI 0.61* 0.01NS -0.02NS 0.49* 0.66** 0.41NS 0.61* 0.61* 0.32NS 0.48NS 

(∗ − P < 0.1, ∗∗ − P < 0.01 n = 4) 
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Similar observations were found for wheat (Rengel 

and Graham, 1995), barley (Ajouri et al., 2004) and 

rice (Slaton et al., 2001) where increased Zn contents 

significantly contributed to seed germination and 

seedling growth particularly when grown under Zn-

deficient conditions. Ullah et al. (2019) reported an 

increase in seedling Zn concentration owing to seed 

priming with Zn in chickpea. A positive correlation 

was found in the present study for seed vigor index 

and seedling dry weight in Noor-91 genotype (Table 

6). Nonetheless, differential response of chickpea 

genotypes to Zn nutri-priming for seed vigor and 

seedling emergence in this study can be explained 

from negative interaction of priming with seed health 

or temperature conditions (Johnson et al., 2005). The 

results indicate that increasing seed Zn contents 

through Zn nutri-priming in chickpea cultivars is 

critical for better seed germination and seedling 

growth. Nonetheless, it also indicated that increased 

seed Zn content attributable to Zn nutri-priming can 

be used to explain the Zn efficiency in chickpea 

genotypes.  

 

5. Conclusions 
 

In crux, Zn nutri-priming with 0.05 and 0.1% can be 

promising to improve earlier emergence and seedling 

growth in chickpea under low soil Zn condition and 

need further investigation for physiological and 

biochemical basis to characterize chickpea genotypes 

for Zn efficiency based on seed Zn contents.   
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