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Abstract 
Black gram (Vigna mungo L.) cv. Shyam was grown in refined sand till maturity (d 82) at two levels of Zn supply adequate (1 µM) Zn 
(control), and a deficient level (0.001 µM) of Zn supply. At deficient Zn, additional Zn was applied in two different modes: as ZnSO4 
(100 mg Zn L-1) through seed priming for 4 h before sowing and root dipping treatment to 6 day old seedlings for 2 h before 
transplantation. Extra pots were taken for the plants receiving Zn priming /root dipping treatment modes, where additional Zn was also 
applied as foliar sprays (100 mg Zn L-1) one at d 26 (pre-anthesis) and another at d 38 (i.e. after anthesis). The results showed that 
priming of grains with ZnSO4 increased the vegetative as well as reproductive yield of plants grown at low Zn supply. Combined 
application of seed priming treatment with two foliar sprays of ZnSO4 further enhanced the yield, concentration of seed Zn, starch and 
protein content in grains of wheat plants grown at low (0.001 µM) Zn.  
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Introduction 
Food insecurity in the 21st century will even increase due to heat and drought stress induced by the climate change, particularly in 
tropical and subtropical regions. Legumes are good and relatively cheaper source of proteins, carbohydrates and minerals for 
developing countries including India (Meiners et al., 1976). To meet the daily Zn requirement of humans, the amounts of Zn in the 
seed need to exceed the optimum level for the crop itself (Rengel et al., 1999; Grusak and Cakmak, 2005). This implies an urgent need 
to find new agricultural technologies to obtain sufficient yields of good quality crops, also with respect to globally limited natural 
resources such as fertilizers (Cordell et al., 2009) and the enormous loss of fertile soils (Adesemoye et al., 2009;). Low availability of 
Zn in soils is one of the widest ranging abiotic stresses in the world agriculture. Plant response to Zn deficiency occurs in terms of 
decrease in membrane integrity, susceptibility to heat stress, and decreased synthesis of carbohydrates, cytochromes, nucleotides, 
auxin and chlorophyll. Further, Zn containing enzymes are also inhibited at low Zn, which include alcohol dehydrogenase, carbonic 
anhydrase, Cu-Zn-superoxide dismutase, alkaline phosphatase, phospholipase, carboxypeptidase, and RNA polymerase (Ahmad & 
Prasad, 2011). Correction of zinc deficiency in crops can be carried out using either organic or inorganic compounds of Zn as 
fertilizers. Basal (soil) application is always preferred by the farmers. However, a major proportion (about 80 %) of the released Zn is 
fixed in the soil in a non-exchangeable form (Singh et al., 2004; Alloway, 2008). A number of alternative techniques of Zn application 
have been developed to minimize the contact of zinc with soil and appear to improve the efficiency of the applied Zn and are 
economical as well as environment friendly. Keeping in view of the above scenario, the study was undertaken to establish the 
effectiveness of cost effective treatment modes in recovery from Zn deficiency on the metabolism of black gram, enhancing the 
economic yield and seed quality of black gram plants under zinc deficient conditions. 
 
Materials and Methods 
Culture: Black gram (Vigna mungo L.) cv. Shyam was grown in refined sand till maturity (d 82) at two levels of Zn supply adequate 
(1 µM) Zn which was treated as control, and a deficient level (0.001 µM) of Zn supply. At deficient Zn, additional Zn was applied in 
two different modes: as ZnSO4 (100 mg Zn L-1) through seed priming for 4 h before sowing and root dipping treatment to 6 day old 
seedlings for 2 h before transplantation. Extra pots were taken for the plants receiving Zn priming/root dipping treatment modes, 
where additional Zn was also applied as one or two foliar sprays (100 mg Zn L-1): one at d 26 (pre-anthesis) and another at d 38 (i.e. 
after anthesis). A control (without foliar spray) was also taken with each Zn application mode. The plants were maintained in culture 
till maturity in a glass house at ambient temperature.  
 
Biomass and tissue concentration: Total biomass of black gram plants was determined at d 42 and 82. The plant samples for the 
determination of biomass and tissue analysis were washed with running tap water and rinsed with glass distilled water, separated into 
parts (seeds, root, stem, young leaves and old leaves), blotted dry and kept in an electric oven at 70±10C for 48 h. The concentration of 
elements such as Zn in tissue was estimated in clear digests after wet digestion (1g/10 ml) diacid mixture i.e., HNO3:HClO4 (10:1) 
with an atomic absorption spectrophotometer (Piper, 1942).  
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Carbonic anhydrase: Carbonic anhydrase (CAH) was extracted from fresh leaf tissue by homogenizing at 4°C in 0.01 M veronol 
buffer pH 8.15 containing 1mM EDTA-Na2 and 0.1M 2-mercaptoethanol. The activity of CAH was assayed by the method of Rickli 
et al. (1964). The enzyme activity (EU) was calculated from the values of time taken for dropin pH of veronol buffer containing 
bromothymol blue by cold CO2 saturated water at 0°C in the presence or absence of the enzyme. 
 
Seed protein fractions: Seed protein fractions were separated by the method of Johnston et al. (1977). Air dried seeds were ground 
with a pestle and mortar in an ice bath in cold acetone in a ratio of 1:10 (w/v). The residue was washed 3-4 times with acetone to 
extract out the lipids from the seed powder and kept at 0 ºC to dry. From the dried residue globulin and glutenin were extracted 
respectively in 5% NaCl and 0.1 N NaOH in 1:1 ratio (w/v) and kept in 4 ºC. The fractions were precipitated from supernatent with 
20% (w/v) TCA in 1:1 ratio (v/v). The total protein content in the acetone precipitate and the soluble fractions were estimated by the 
method of Lowry et al. (1951).  
 
Starch content: Air dried seeds were fixed in boiling 80% (v/v) ethanol in a ratio of 1:10. The fixed plant material was homogenized 
with a glass pestle and mortar in 80% (v/v) ethanol at room temperature and centrifuged at 800xg at room temperature. The alcohol 
insoluble fraction was collected and dried. Starch was estimated by the colorimetric method of Montgomery (1957).  
Statistical analysis: All data were subjected to the analysis of variance (ANOVA) and subjected to F test and LSD values were 
calculated at p≤0.05 and presented in tables.  
 
Results 
Height: At deficient Zn, plants showed marked reduction in height (30 %). Supply of additional Zn in seed priming or root dipping 
mode improved the plant height and the effect of Zn addition on plant height was better in seed priming treatment than in root dipping 
mode (Table 1).  
 
Carbonic anhydrase: Compared to the plants at adequate (1 µM) Zn, seed priming Zn treatment mode enhanced the activity by 40 % 
in Zn deficient plants. The enhancement in the activity was greater (51 %) when the plants were also given foliar Zn spray treatments, 
more significantly (64 %) when two spray treatments were applied (Table 1). 
 
Biomass and tissue Zn concentration: Zn application in seed priming or root dipping mode at deficient Zn increased the dry matter 
yield both at d 42 and d 82. The increase in total dry matter was greater (>30 %) when the plants were also given additional Zn as 
foliar spray. The effects were more marked (50 %) when two spray treatments were applied (Table 1). 
 
Table 1 Recovery in height, carbonic anhydrase activity and total biomass in response to Zn application modes and treatments in 

black gram plants grown at deficient (0.001 µM) Zn in sand culture. 
Zn 

application 
Mode 

µM Zn supply LSD 
(p≤0.05) 

1.0  0.001  

water 
(control) 

water +Zn    +Zn 
  +1 spray 

     +Zn 
 +2 sprays 

 Height: cm  

Seed priming 33.4 23.4 30.5 31.2 32.8 5.4 

Root dipping  22.9 26.9 27.6 28.1  

Carbonic anhydrase: EU mg-1 protein 
 

Seed priming 7.9 4.7 6.3 7.1 7.9 1.1 

Root dipping  4.7 6.8 7.1 7.5  

 Total biomass:  g plant-1 
d 42 

 

Seed priming 1.9 1.3 1.5 1.8 1.9 0.1 

Root dipping  1.0 1.0 1.3 1.5  



Global Journal of Current Research                           Kshama Shukla                     Vol. 1 No 2                               ISSN:2320-2920 
 

                                                                                              52                           Online version available at: www.crdeep.com 
 

 d 82  

Seed priming 10.1 5.0 7.5 8.0 8.4 0.8 

Root dipping  5.1 7.8 8.1 8.4  

 
 
Young leaves: The Zn concentration of young leaves of black gram plants raised from hydroprimed seeds was 10.6-11.1 µg Zn g-1 dry 
weight at deficient (0.001 µM) Zn as compared to 55.9 µg Zn g-1 at normal (1 µM) Zn supply. At low Zn, Zn application in seed 
priming or root dipping mode increased the Zn concentration several folds (Table 2). 
 
Old leaves: The Zn concentration in leaves of black gram plants from hydroprimed seeds was 5.9-6.0 µg Zn g-1 dry weight at low Zn 
as compared to 66.9 µg Zn g-1 in the control (1 µM Zn). At low (0.001 µM) Zn, application of Zn in seed priming or root dipping 
mode increased the Zn concentration in old leaves several folds. The increase in Zn concentration was greater when Zn was also 
applied as foliar spray and more so when two spray treatments were given (Table 2). 
 
Stem: Compared to 39.1 µg Zn g-1 dry weight in the control (1 µM Zn), the Zn concentration in stem of black gram plant decreased to 
8.9-11.2 µg Zn g-1 at deficient (0.001 µM) Zn supply. At deficient Zn, Zn application in seed priming or root dipping mode increased 
the Zn concentration in stem and the increase was up to 3-4 fold when the plants were given additional Zn in two foliar sprays (Table 
2). 
 
Roots: Compared to 30 µg Zn g-1 dry weight in the control (1 µM Zn), Zn concentration in root of black gram plants decreased to 8.4-
8.9 µg Zn g-1 at deficient Zn. Zn application in seed priming or root dipping mode at deficient Zn increased the root Zn concentration 
up to 9 fold (Table 2). 

 
Table 2 Recovery in zinc concentration in response to Zn application modes and    treatments in black gram plants (d 42) grown at 

deficient (0.001 µM) Zn in sand culture. 
 

Zn 
application 

mode 

µM Zn supply LSD 
(p≤0.05) 

1.0  0.001  

water 
(control) 

water  +Zn      +Zn 
  +1 spray 

     +Zn 
 +2 sprays 

 (µg Zn g-1dry wt)  

Young leaves 

Seed priming 55.9 10.6 46.1 60.2 60.5 20.9 

Root dipping  11.1 58.5 81.4 112.4  

                                     Old leaves 

Seed priming 66.9 6.0 36.9 41.7 56.4 8.6 

Root dipping  5.9 47.8 52.3 52.4  

                                        Stem  

Seed priming 39.1 11.2 14.0 25.6 42.0 5.0 

Root dipping  8.9 11.2 17.5 26.7  

                                        Roots  
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Seed priming 30.0 8.4 15.7 18.1 18.4 6.2 

Root dipping  8.9 45.9 53.0 84.1  

 
Seed yield: At deficient (0.001 µM) Zn, the seed yield in black gram decreased by 50 % as compared to the control (1 µM Zn). 
Application of Zn at deficient Zn in seed priming or root dipping mode increased the seed yield and the increase was greater when the 
plants were also given foliar Zn spray treatments, more so when two spray treatments were applied (Table 3). 
 
Seed Zn: Compared to 63.0 µg Zn g-1 dry weight in the control, the seed Zn concentration in black gram decreased to 6.4-7.0 µg Zn g-1 
at low (0.001 µM) Zn. At low Zn supply, Zn application in seed priming or root dipping mode with two foliar sprays caused 10 fold 
increase in the seed Zn concentration (Table 3). 
 
Starch: Compared to control (1 µM Zn), the starch content in black gram seeds decreased (29 %) in the plants at deficient (0.001 µM) 
Zn. Zn application in seed priming or root dipping mode at deficient Zn increased the starch content and the increase was greater (57-
90 %) when the plants were also given two foliar Zn spray treatments (Table 3). 
 
Table 3 Recovery in seed yield, Seed Zn concentration, starch, protein contents in response to Zn application modes and treatments in 

black gram plants grown at deficient (0.001 µM) Zn in sand culture. 
Zn 

application 
mode 

µM Zn supply LSD 
(p≤0.05) 

1.0  0.001  

water 
(control) 

water  +Zn     +Zn 
   +1 spray 

     +Zn 
  +2 sprays 

 Seed yield : g plant-1  

Seed priming 0.74 0.38 0.71 0.73 0.88 0.10 

Root dipping  0.36 0.76 0.78 0.78  

Seed Zn : µg Zn g-1dry wt 

Seed priming 63.0 6.4 26.7 49.8 64.1 7.2 

Root dipping  7.0 24.9 46.2 70.0  

 Starch : mg 100 mg-1 fresh wt  

Seed priming 29.8 18.1 19.0 23.5 28.4 4.4 

Root dipping  18.2 26.4 30.7 34.5  

 
Protein: Compared to plants supplied adequate (1 µM) Zn, the total seed protein content in black gram decreased at low (0.001 µM) 
Zn. At deficient Zn, Zn application in seed priming or root dipping mode increased the seed protein content and the increase was 
greater (30-50 %) when the plants were also given foliar Zn spray treatments (Table 4). 
 
Globulin: Compared to control (1 µM Zn), a 56 % decrease in the globulin content in black gram seeds was observed at deficient 
(0.001 µM) Zn. Application of Zn in seed priming or root dipping mode at deficient Zn increased the globulin content and the increase 
was greater (>100 %) when the plants were also given foliar Zn spray treatment especially with two spray treatments (Table 4). 
 
Glutenin: The glutenin content in black gram seeds decreased (25 %) at deficient (0.001µM) Zn as compared to control (1µM Zn). At 
low Zn, Zn application in seed priming or root dipping mode increased the glutenin content more when foliar Zn sprays were applied 
along with seed priming or root dipping treatment mode (Table 4). 
 
Statistical analysis: Analysis of variance showed that all parameters used in the study on recovery from Zn deficiency in black gram 
were significantly affected (p≤ 0.05) by Zn treatment. However, the treatment modes have little effect on total biomass and seed yield 
at d 82 and concentration of Zn in old leaves and seeds and activities of carbonic anhydrase, globulin and glutenin contents in seed.  
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Table 4 Recovery in concentration of seed proteins in response to Zn application modes   and treatments in black gram plants grown at 
deficient (0.001 µM) Zn in sand culture. 

 
Zn 

application 
mode 

µM Zn supply LSD 
(p≤0.05) 

1.0  0.001  

water 
(control) 

water   +Zn      +Zn 
    +1 spray 

     +Zn 
 +2 sprays 

 (mg 100 mg-1 dry wt) 
 

Total seed protein 
 

 

Seed priming 16.3 10.7 15.0 16.3 16.3 1.5 

Root dipping  10.4 11.6 13.8 15.3  

 Globulin 
 

 

Seed priming 5.5 2.4 4.6 5.3 5.6 0.3 

Root dipping  2.5 4.6 5.3 5.4  

 Glutenin 
 

 

Seed priming 2.4 1.8 1.8 2.0 2.5 0.3 

Root dipping  1.8 1.9 2.1 2.2  

 
The values of zinc application mode (Za) x zinc treatment (Zt) were significant only for dry matter yield at d 42, Zn concentration in 
young leaves, stem and roots and seed starch and total seed protein content (Table 5). 
 

Table 5 Analysis of variance for the results of the parameters obtained from the experiment on recovery from Zn deficiency in black 
gram. 

Parameter Zn application mode (Za) Zn treatment (Zt) Za x Zt 
Height * ** ns 
Carbonic anhydrase ns ** ns 
Dry matter yield  d 42 ** ** ** 
Dry matter yield d 82 ns ** ns 
Zn concentration 
Young leaves ** ** * 
Old leaves ns ** ns 
Stem ** ** ** 
Root ** ** ** 
Seed yield ns ** ns 
Seed Zn ns ** ns 
Starch ** ** * 
Protein ** ** * 
Globulin ns ** ns 
Glutenin ns ** ns 

Significance: *, p≤0.05; ** p≤0.01; ns, not significant 
 
Discussion 
Zinc deficiency in crop plants can be corrected by the application of Zn fertilizers, either directly to soil or to crops as foliar sprays, 
seed coating, seed priming or root dipping treatments. Among the other available Zn application modes, seed priming and root dipping 
seem to be promising which can be given respectively to seeds or seedlings before growth of plants in Zn deficient conditions. The 
study conducted here on black gram (Vigna mungo L.) cv. Shyam shows that yield depressions in Zn deficiency could be corrected 
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almost equally by the application of ZnSO4 (100 mg Zn L-1) in seed priming as well as root dippng mode with or without foliar sprays 
of ZnSO4 (100 mg Zn L-1). The foliar sprays were done once (pre-anthesis) or twice (pre- and post anthesis) to the plants already given 
Zn application in seed priming or root dipping mode. The spray treatments magnified the effect of Zn addition by further increasing 
the total biomass and seed yield and lowering the Zn deficiency effects on various growth parameters. Application of Zn has been 
reported to correct the efficiency of different Zn requiring enzymes leading to higher yield (Hacisalihoglu et al., 2003). Supply of Zn 
to young embryo or seedling of black gram might have increased the tolerance of roots to Zn deficiency by increasing the antioxidant 
defense system and root tip cells and functions (Chen et al., 2009). The enhancement in the zinc efficiency of seedlings by Zn 
application might have resulted in the increased uptake of Zn in different plant parts. Zn fertilization in soil has been reported to cause 
a four fold increase in Zn concentration in edible plant parts (Nautiyal et al., 2011). The increase in total biomass of Zn deficient 
plants following Zn addition in seed priming or root dipping mode is attributable to increase in the rate of photosynthesis (Cakmak & 
Engles, 1999) and increase in the activity of carbonic anhydrase (Rengel, 1995; Pandey & Sharma, 2000). This could be due to the 
involvement of Zn in chlorophyll biosynthesis and increased quantum efficiency of the PS II unit which has been reported to be 
damaged under Zn deficiency in rice (Chen et al., 2008). Zn application, either in seed priming or root dipping mode to Zn deficient 
plants not only increased the seed yield but also their quality in black gram. Earlier, the importance of Zn has been shown in the 
metabolism of starch (Jyung et al., 1975) and sucrose biosynthesis (Shrotri et al., 1980). Zn deficiency has been reported to result in 
accumulation of sugars/ sucrose in leaves of rice (Suzuki, 2012) and orange (Ahmed et al., 2012) due to impaired export of 
carbohydrates from leaves or decrease in the sink demand. The results obtained here in black gram on decrease in total protein content 
further support the role of zinc in helping different combinations of amino acids to link together in protein synthesis (Ahmed et al., 
2012). This could also be due to involvement of Zn in regulation of transcription (Englbrecht et al., 2004). The increase in seed 
protein, globulin and glutenin with seed Zn content could be due to positive correlation between the two as has been reported earlier 
(Morgonuov et al., 2007; Distelfield et al., 2007). On the basis of the results obtained seed priming appeared as a better mode of Zn 
application than the root dipping mode for enhancing seed yield and quality in Zn deficient conditions in black gram. Foliar Zn 
treatments with either of the two modes magnified the effect of Zn application especially in enhancing the seed quality traits.  
Therefore, application of ZnSO4.7H2O at 100 mg Zn L-1 either in seed priming or root dipping mode seems to be a better choice  
combined with two foliar sprays at 100 mg Zn L-1 for correction of Zn deficiency under field conditions and also enhancing the seed 
Zn, seed yield and other quality parameters in black gram.  
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