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Introduction 
 

Legume crops require not only adequate 

macronutrient but also micro nutrient for 

better growth development and adequate 

bacterial activity for nodule development. 

Therefore, an optimum supply of 

micronutrient under balanced condition is 

very important for achieving higher 

productivity. Molybdenum is an important 

micronutrient leading to poor seed yield of 

pulses in molybdenum deficient soils. It is an 

essential component of the enzyme nitrate 

reductase, which catalyses the conversion of 

NO3 to NO2 Molybdenum is a structural 

component of enzyme nitrogenase which is 

actively involved in atmospheric nitrogen 

fixation by root nodule bacteria in leguminous 

crops.  

 

Molybdenum concentrations in legume 

nodules can be ten times higher than in 
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A field experiment was conducted during 2018-19 to study the “Effect of application of 

Ammonium molybdate on enzymatic activity and nodulation in pigeon pea grown on 

Vertisol” at experimental farm, Department of Soil Science and Agricultural Chemistry, 

College of Agriculture, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani. The 

experiment was laid out on Vertisol with five treatment combination replicated four times 

in randomized block design. The treatment consists of T1- Absolute control, T2- Only RDF 

(25:50 kg N and P2O5 ha
-1

), T3- RDF+ Ammonium molybdate through seed treatment @1g 

kg
-1

 seed, T4- RDF+ Ammonium molybdate through soil application @ 2 kg ha
-1

, T5 - 

RDF+ Ammonium molybdate through foliar application @ 0.5 %. The results found that 

the abundant soil enzymatic activity observed in treatment receiving foliar application of 

Ammonium molybdate along with recommended dose of fertilizer as compare to rest of 

the treatments. Enzymatic activity of various soil enzymes i.e. dehydrogenase, acid and 

alkaline phosphatase increased from flowering to pod filling and then decreased at 

harvesting due to low moisture content in soil. In nodulation number of nodules and 

nodules weight was increased due to application of RDF+ ammonium molybdate through 

foliar application followed by the treatment receiving ammonium molybdate + RDF 

through soil application. 
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leaves. It also acts in enzymes, which bring 

about oxidation reduction reaction, especially 

the reduction of nitrate to ammonia prior to 

amino acids and protein synthesis in the cells 

of plant.  

 

Molybdenum is essential for the process of 

symbiotic and non-symbiotic nitrogen 

fixation. Molybdenum availability is 

decreased by application of acid-forming 

fertilizer such as (NH4) 2SO4 to coarse-

textured soil. Boron, cobalt and molybdenum 

are essential elements for plants and their 

associated bacteria.  

 

Absence of them may restrict development of 

free-living rhizobia in the rhizosphere, growth 

of the host plant and nodulation and impair 

nodule function. Nodule formation on the 

roots of green gram through Rhizobium 

bacteria, fix about 35 kg ha
-1

 atmospheric 

nitrogen (Yadav, 1992). Molybdenum is 

required for the formation of the nitrate 

reductase enzyme and in the legume it plays 

an additional role in symbiotic nitrogen 

fixation. In enzymes, molybdenum has both 

structural and catalytically functions and is 

directly involved in reaction.  

 

These enzyme are nitrate reductase, 

nitrogenase, dehydrogenase and presumably, 

sulphite reductase. The functions of 

molybdenum are therefore closely related to 

nitrogen metabolism, the molybdenum 

requirement strongly depends on the mode of 

nitrogen supply. 

 

Materials and Methods 

 

A field experiment was conducted during year 

2018-19 to study the “Influence of 

Ammonium molybdate on enzymatic activity 

and nodulation in pigeon pea grown on 

Vertisol” at Research Farm of Soil Science 

and Agricultural Chemistry, Vasantrao Naik 

Marathwada Krishi Vidyapeeth, Parbhani. 

Soil enzymes 
 

The three important soil enzymes i.e. 

dehydrogenase, acid phosphatase and alkaline 

phosphatase play important role in soil 

microbial respiration and phosphorous 

mobilization. 

 

Dehydrogenase enzyme activity in soil 
 

Dehydrogenase enzyme activity in soil 

samples was measured by reduction of 2, 3, 5, 

triphenyl tetrazolium chloride (TTC) to 

triphenyl formazan (TPF) using colorimetric 

procedure of Tabatabai (1969). 

 

Acid and alkaline phosphomonoesterase 

enzyme activity in soil 
 

The enzymes are classified as acid and 

alkaline phosphomonoesterase, because they 

show optimum activities in their respective 

pH ranges. Alkaline phosphomonoesterase 

activity is derived from microorganisms only, 

while acid phosphomonoesterase is 

contributed both by plant roots and soil-

inhabiting microbes, of the various methods 

available for assay of phosphomonoesterase 

activity in soils, the method developed by 

Tabatabai and Bremner (1969) is the most 

rapid, accurate and precise method was used. 

 

Soil enzymatic activities status of 

experimental site 

 

The data pertaining in table 1 indicates that 

the soil enzyme Dehydrogenase having (21 

µg g
-1

 soils) value with Acid phosphatase (30 

µg g
-1

 soils) and alkaline phosphatase (42 µ g 

g
-1

 soils) of the experimental site. At initial 

stage enzymatic activity of the experimental 

site soil enzymes i.e. dehydrogenase, acid and 

alkaline phosphatase was influenced by the 

application of Ammonium molybdate at 

flowering, pod filling and at harvest 

respectively. 
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Results and Discussion 

 

Effect of different treatments of 

ammonium molybdate on enzymatic 

activities in soil at critical growth stages of 

pigeon pea 

 

Dehydrogenase 
 

The data presented in Table 2 indicated that 

there was a significant results found in case of 

dehydrogenase enzyme activity with different 

treatments of ammonium molybdate at three 

critical growth stages of pigeon pea. 

Application of ammonium molybdate through 

soil @ 2 kg ha
-1

 along with RDF (T4) found 

superior at three critical growth stages i.e. 

flowering 38.01 µg g
-1

 soils, pod filling 40.13 

µg g
-1

 soils and at harvest 27.72 µg g
-1

 soil 

and it was at par with the treatment foliar 

application of ammonium molybdate @ 0.5% 

(T4). However, the lowest dehydrogenase 

enzymatic activity observed in absolute 

control (T1).  

 

The research findings confirmed with 

Dotaniya et al., (2014) observed that different 

crop growth stages showed different amount 

of dehydrogenase activity in soil, it might be 

due to secretion of root exudates and 

biochemical changes in plant system. More 

microbial activities increased the 

Dehydrogenase enzymatic activity in the 

rhizosphere, due to more availability of food 

materials for its growth. Similar results 

confirmed by Kaleeswari (2007). 

 

Acid phosphatase 

 

The data narrated in Table 2 showed that 

there was a significant results found in case of 

acid phosphatase enzyme activity with 

different treatments of ammonium molybdate 

at three critical growth stages of pigeon pea. 

Application of ammonium molybdate through 

soil @ 2 kg ha
-1

 along with RDF (T4) found 

superior at three critical growth stages i.e. 

flowering 48.04 µg g
-1

 soils, pod filling 53.15 

µg g
-1

 soils and at harvest 31.18 µg g
-1

 soil 

and it was at par with the treatment receiving 

foliar application of ammonium molybdate @ 

0.5% along with RDF (T5). However, the 

lowest acid phosphatase enzymatic activity 

observed in absolute control (T1). 

 

The results supported by the findings of 

Naseby et al., (2000) stated that the acid 

phosphatase activity was more dependent 

upon the nutritional status of the plant. 

Dotaniya et al., (2014) confirmed that 

different crop growth stages showed different 

amount of acid phosphatase activity, it might 

be due to secretion of root exudates and 

biochemical changes in plant system. Similar 

findings confirmed by Kaleeswari (2007).  

 

Alkaline phosphatase 
 

The data presented in Table 2 indicated that 

there was significant results found in case of 

alkaline phosphatase enzymatic activity with 

different treatments of ammonium molybdate 

at three critical growth stages of pigeon pea.  

 

Application of ammonium molybdate through 

soil @ 2 kg ha
-1

 along with RDF (T4) found 

superior at three critical growth stages i.e. 

flowering 62.27 µg g-1 soils, pod filling 67.84 

µg g
-1

 soils and at harvest 44.06 µg g
-1 

soils. It 

was at par with the treatment receiving foliar 

application of ammonium molybdate @ 0.5% 

(T5). However, the lowest alkaline 

phosphatase enzymatic activity observed in 

absolute control (T1). 

 

The results are in conformity to the findings 

of Kaleeswari 2007 observed that the 

enzymatic activity of alkaline phosphatases 

was significantly improved over control. This 

might be due to increased microbial and root 

activities. 
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Table.1 Initial (Before sowing) enzymatic properties the experimental soil 

 

Sr.No. Soil Enzymes Values (µ g g
-1

 soil) 

1. Dehydrogenase 21 

2. Acid phosphatase 30 

3. Alkaline phosphatase 42 

 

Table.2 Effect of different treatments of ammonium molybdate on enzymatic activities in soil at 

critical growth stages of pigeon pea 

 

Sr. 

No. 

Treatments Dehydrogenase (µg g
-1 

soil) 

Acid Phosphatase (µg 

g
-1

 soil) 

 Alkaline Phosphatase 

(µg g
-1

 soil) 

Flowering Pod 

filling 

At 

harvest 

Flowering Pod 

filling 

At 

harvest 

Flowering Pod 

filling 

At 

harvest 

T1 Absolute control 21.96 26.27 17.36 30.40 35.65 19.24 51.31 55.40 37.53 

T2 RDF (25:50 N:P2O5 kg ha
-

1
) 

26.19 28.97 21.38 35.66 41.46 21.70 54.69 57.25 39.29 

T3 T2+Ammonium 

molybdate seed treatment 

@1g kg
-1 

of seed 

31.47 34.59 23.86 38.67 44.11 25.31 57.06 60.40 41.87 

T4 T2 +Ammonium 

molybdate soil 

application@ 2kg ha
-1

 

38.01 40.13 27.72 48.04 53.15 31.18 62.27 67.84 44.06 

T5 T2+Ammoniummolybdate 

foliar application @ 0.5% 

35.29 39.00 25.07 45.19 47.24 28.92 60.19 63.94 43.36 

 Mean 30.58 33.79 23.07 39.59 44.32 25.27 57.10 60.96 41.22 

 SE(m)± 0.91 0.82 0.93 0.90 1.64 1.06 1.28 1.64 1.47 

 C.D. at 5% 2.80 2.52 2.87 2.79 5.04 3.28 3.94 5.05 4.53 

 C.V % 5.93 4.84 8.07 4.56 7.38 8.42 4.48 5.38 7.14 

 

Table.3 Effect of different treatments of ammonium molybdate on number of nodules per plant 

of pigeon pea at critical growth stages 

 

Sr. 

No. 

Treatments No. of nodules plant
-1

 

Flowering Pod filling   At harvest 

T1 Absolute control 8.25 12.50 5.50 

T2 RDF (25:50 N:P2O5 kg ha
-1

) 8.75 13.50 6.75 

T3 T2+Ammonium molybdate seed treatment 

@1g kg
-1 

of seed 

10.00 13.50 6.50 

T4 T2 +Ammonium molybdate soil 

application@ 2kg ha
-1

 

11.00 14.25 7.50 

T5 T2+Ammoniummolybdate foliar 

application @ 0.5% 

11.00 15.75 9.00 

 Mean 9.8 13.9 7.05 

 SE(m)± 0.43 0.51 0.52 

 C.D. at 5% 1.31 1.56 1.62 

 C.V % 8.69 7.28 14.88 
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Table.4 Effect of different treatments of ammonium molybdate on weight of nodules  plant
-1

 of 

pigeon pea at critical growth stages 

 

Sr 

No 

Treatments Weight of nodules plant
-1

(mg) 

Flowering Pod filling At harvest 

Fresh Dry Fresh Dry Fresh Dry 

T1 Absolute control  8.50 2.33 19.25 3.15 5.00 1.58 

T2 RDF (25:50 N:P2O5 kg ha
-1

)  9.50 2.59 21.00 3.25 6.00 1.79 

T3 T2+Ammonium molybdate seed 

treatment @1g kg
-1 

of seed 

10.00 2.64 21.00 3.55 6.50 1.86 

T4 T2 +Ammonium molybdate soil 

application@ 2kg ha
-1

 

11.00 2.91 22.00 3.74 7.50 1.90 

T5 T2+Ammoniummolybdate foliar 

application @ 0.5% 

12.25 2.97 23.50 4.01 9.00 2.02 

 

 

 

 

Mean 10.25 2.68 21.35 3.54 6.8 1.83 

SE(m)±  0.49 0.08 0.73 0.08 0.49 0.03 

C.D. at 5% 1.50 0.26 2.23 0.24 1.52 0.10 

C.V % 9.51 6.19 6.79 4.37 14.46 3.66 

 

Nodulation in pigeon pea 
 

The data pertaining in to Table 3 reveals that 

Among different treatments of ammonium 

molybdate treatment RDF + Ammonium 

molybdate through foliar application @ 0.5% 

(T5) found superior at flowering (11), pod 

filling (15.75) and at harvest (9) over rest of 

treatments and treatment RDF + Ammonium 

molybdate soil application @ 2 kg ha
-1

 (T4) 

and RDF + Ammonium molybdate seed 

treatment @ 1g kg
-1

 of seed (T3) found at par 

with (T5). However, least number of nodules 

per plant was noticed in absolute control (T1) 

at all the growth stages of crop. 

 

The results supported by the findings of 

Yadav et al., (2017) were tested four levels of 

molybdenum (Control, 0.5, 1.0 and 1.5 kg Mo 

ha
-1

) and results revealed that, application of 

1.0 kg Mo ha
-1

 significantly increased nodule 

number per plant. Deo et al., (2002) reported 

that number of nodules per plant in chickpea 

increased with increasing dose of 

molybdenum. Similar findings confirmed by 

Yanni (2008), Singh et al., (2008), 

Bhattacharya and Pal (2001), Bhuiyan et al., 

(2008). 

Weight of nodule per plant 

 

The data presented in Table 4 indicates that 

fresh and dry weight of nodules per plant in 

pigeon pea at three critical growth stages. The 

results revealed that the maximum weight 

(both fresh and dry) weight of nodules plant
-1

 

was found in treatment receiving RDF + 

Ammonium molybdate through foliar 

application @ 0.5% (T5). Fresh weight- 12.25, 

23.50, 9.00 mg and dry weight 2.97, 4.01, 

2.02 mg at flowering, pod filling and at 

harvest, respectively. Over rest of treatments 

and found at par with treatment RDF + 

Ammonium molybdate soil application @ 2 

kg ha
-1

 (T4). However, lowest weight of 

nodules per plant was noticed in absolute 

control (T1) at all the growth stages of crop. 

 

The findings confirmed with the results of 

Yadav et al., (2017) were tested four levels of 

molybdenum (control, 0.5, 1.0 and 1.5 kg Mo 

ha
-1

) and results revealed that, application of 

1.0 kg Mo ha
-1

 significantly increased fresh 

and dry weight of nodules. Similarly, Singh et 

al., (2015) reported that integrated use of 

micronutrients (B, Co and Mo) on dry weight 

of nodules found increased plant
-1

. 
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Chakraborty (2009) revealed that the foliar 

application of Mo was slightly better than soil 

application in increasing the number of 

nodules, fresh weight of nodules and dry 

weight of nodules. Similar results confirmed 

by the findings of Agarwal (2000), Shivkumar 

and Kumutha (2003) and Shankhe et al., 

(2004). 

 

In conclusion the treatment receiving RDF + 

Ammonium molybdate through soil 

application @ 2 kg ha
-1

 showed increased 

activities of dehydrogenase, acid and alkaline 

phosphatase, followed by the treatment 

receiving ammonium molybdate through 

foliar application @ 0.5 per cent in pigeon 

pea sown on Vertisol. The treatment receiving 

ammonium molybdate through foliar 

application @ 0.5 per cent along with 

recommended dose of fertilizers significantly 

enhanced nodulation in pigeon pea. Hence the 

foliar and soil application of Ammonium 

molybdate was found to best for improving 

soil enzymatic activity and nodulation in 

pigeon pea and ultimately to advancement of 

the soil health and increasing production. 
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