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Abstract: Pulse productivity is very low in some of the sandy soil areas where, soils are 
having poor water and nutrient holding capacity. To improve the pulse productivity, 
field experiments were conducted at Agricultural Research Station, Tamil Nadu for two 
consecutive years to study the effect of phosphorus sources (mono- and diammonium 
phosphate) with brassinolide and salicylic acid on growth and yield of black gram in  
sandy loam soils. The experiment was carried out in a randomized block design with 
three replications during kharif season. The treatments include 100% recommended 
dose of NPK along with foliar application of monoammonium phosphate (MAP), diam-
monium phosphate (DAP), brassinolide (0.25 ppm), and salicylic acid (100 ppm) along 
with the combination of these treatments. TNAU pulse wonder at 5.0 kg ha−1 and TNAU 
micronutrient mixture (MN) at 5 kg ha−1 were also tried. The results revealed that appli-
cation of 100% recommended dose of NPK + DAP 2% + TNAU pulse wonder 5.0 kg ha−1 
was statistically significant and recorded higher plant growth (37.62 cm), number of 
pods / plant (37.15), yield of black gram (1162 kg ha−1), and benefit cost ratio (2.98) over 
the other treatments. The lowest black gram yield (730 kg ha−1) was recorded for control.
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1. Introduction
Black gram (Vigna mungo) is a widely grown grain legume and belongs to the family fabaceae and 
assumes considerable importance from the point of food and nutritional security in the world. Black 
gram is favorable short duration pulse crop as it thrives better in all seasons either as sole or as in-
tercrop or fallow crop. India is the world’s largest producer as well as consumer of black gram. It 
produces about 1.5–1.9 million tons of black gram annually from about 3.5 million hectares of area, 
with an average productivity of 600 kg ha−1. Black gram output accounts for about 10% of India’s 
total pulse production (MoA, 2012). Productivity of black gram is low in general due to poor manage-
ment and low soil fertility. The average productivity of pulses in Tamil Nadu is about (432 kg ha−1) 
which is very low when compared to Indian average of 610 kg ha−1.

The sluggish growth pulse production in the country could be due to various physiological, bio-
chemical, and inherent factors associated with the crop (Mahala, Dadheech, & Kulhari, 2001). Black 
gram is basically indeterminate in habit of flowering and fruiting and there is a continuous competi-
tion for available assimilates between vegetative and reproductive sinks throughout the growth peri-
od. Since, the source is highly limited in pulses with lowered translocation of assimilates to the growing 
reproductive sinks. Apart from the genetic make-up, the physiological factors viz., insufficient parti-
tioning of assimilates, poor pod setting due to flower abscission and lack of nutrients during critical 
stages of crop growth play a vital role on pulse production (Kalita, Dey, Chandra, & Upadhyay, 1994).

Growth regulating substances/growth regulators are known to influence a wide array of physio-
logical parameters like alteration of plant architecture, assimilate partitioning, promotion of photo-
synthesis, uptake of nutrients (mineral ions), enhancing nitrogen metabolism, promotion of 
flowering, uniform pod formation, increased mobilization of assimilates to defined sinks, improved 
seed quality, induction of synchrony in flowering, and delayed senescence of leaves (Sharma, 
Sardana, & Sukhvinder Singh, 2013). These growth regulators, when applied as foliar spray at proper 
crop growth stage in optimum concentration could play a significant role in increasing crop yield and 
quality of produce in different field crops (Nagasubramaniam, Pathmanabhan, & Mallika, 2007). 
These plant growth regulators have been considered as software for plant development and im-
provement in crop productivity (Malik, 1995).

Salicylic acid (2-hydroxybenzoic acid), as a natural plant hormone, has many effects on physiolog-
ical processes and growth of plants (Khan, Syeed, Masood, Nazar, & Iqbal, 2010). Furthermore, sali-
cylic acid has an important role in tolerance of some environmental stresses such as heat, salts, and 
drought stress (El-Tayeb, 2005). Maity and Bera (2009) revealed that foliar application of salicylic 
acid influences different physiological and biochemical aspects of green gram plant via increasing 
assimilation rate which revealed increasing in chlorophyll content and Hill reaction activity in the 
leaf. Brassinolide, a steroidal hormone of plant origin obtained from pollen grains of Brassica napus 
L. and salicylic acid commonly known as “Aspirin” obtained from bark of willow tree (Salix sp.) are 
now considered as new plant growth regulators and extensively used in agriculture for increasing 
crop yield. TNAU pulse wonder is the combination of nutrients and growth regulators which is exclu-
sively developed in the laboratory of Crop Physiology of Tamil Nadu Agricultural University. Although 
importance of macronutrient in plant metabolism is well known, yet the role played by these growth 
regulators (brassinolide and salicylic acid) in plants and their impact on yield and quality compo-
nents of pulses are not well understood.

Besides, the predominant soil type is sandy loamy texture in New Cauvery Delta Zone of Thanjavur. 
The soil is having poor water and nutrient holding capacity which leads to decrease in the available 
nutrient to crops. Hence, foliar application of water soluble fertilizer nutrient may be the best option 
to maximize the pulse productivity in this zone. In these lines much research findings are not avail-
able. Hence, the experiments were conducted to develop suitable nutrient management technology 
involving nitrogen, phosphorus, potassium, and micronutrients besides growth regulators to en-
hance the productivity of black gram.
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2. Material and methods

2.1. Study area
The study area of Pattukottai is located in the New Cauvery Delta Zone of Thanjavur District, Tamil 
Nadu in the southern part of India (Figure 1) and site characteristics are presented in Table 1(a). The 
soils of the experimental fields were analyzed for their physicochemical properties using standard 

Figure 1. Geographical location 
of the study area with the soil 
types observed in the district.

(b) Soil characteristics of the experimental plot

Parameters Content Method
Texture Sandy loam Hydrometer (Day, 1965)

pH 7.25 Multiparameter instrument

EC (dSm−1) 0.19

Available N (kg ha−1) 81.2 Alkaline permanganate method (Subbiah & Asija, 1956)

Available P (kg ha−1) 11.0 Olsen P method (Olsen, Cole, Watanable, & Bean, 1954)

Available K (kg ha−1) 77.5 Ammonium acetate extractable K (Stannford & English, 1949)

Table 1. Characteristics of the study area
(a) Site characteristics

District Thanjavur

Latitude and longitude 10° 08′N latitude and 78° 48′E longitude

Agro climatic zone Cauvery delta zone (TN-4)

Elevation (above mean sea level, m) 59 (average elevation)

Mean annual rainfall (mm) 938

South west monsoon (mm) 329

North east monsoon (mm) 462

Winter rains (mm) 61

Summer rains (mm) 87

Major soils Very deep red soils, followed by moderately deep black soils

Major crops grown Rice, variety of pulses, banana, coconut, groundnut, sugarcane, and  
vegetables
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analytical procedures and are also presented in Table 1(b). The soil of experimental site was sandy 
loam with a pH of 7.25, EC: 0.19 dSm−1, low in available nitrogen (81.2 kg ha−1), medium in available 
phosphorus (11.00 kg ha−1) and potassium (77.5 kg ha−1).

2.2. Treatment details and crop management
Field experiments were carried out at Agricultural Research Station, Pattukkottai, Thanjavur during 
kharif 2010 and 2011. The experiment was carried out in randomized block design with eleven treat-
ments and three replications. The treatments include 100% recommended dose of NPK without fo-
liar application as control as T1; 100% of recommended dose of NPK with monoammonium phosphate 
(MAP- 0.5%) as T2; 100% of recommended dose of NPK with diammonium phosphate (DAP—2%) as 
T3; 100% of recommended dose of NPK with brassinolide (0.25 ppm) as T4; 100% of recommended 
dose of NPK with salicylic acid (100 ppm) as T5; 100% of recommended dose of NPK with MAP—0.5% 
and brassinolide (0.25 ppm) as T6; 100% of recommended dose of NPK with MAP—0.5% and salicylic 
acid (100  ppm) as T7; 100% of recommended dose of NPK with DAP—2.0% and brassinolide 
(0.25 ppm) as T8; 100% of recommended dose of NPK with DAP—2.0% and salicylic acid (100 ppm) 
as T9; 100% of recommended dose of NPK with DAP—2.0% and TNAU pulse wonder at 5.0 kg ha−1 as 
T10; and 100% of recommended dose of NPK with DAP—2.0% and TNAU micronutrient mixture at 
5.0 kg ha−1as T11. TNAU pulse wonder is combination of nutrients and growth regulators used as crop 
booster for yield improvement. Similarly, TNAU micronutrient mixture is a combination of Zn, Cu, B, 
Mo, and Fe in different proportions for different crops, and in this experiment pulses TNAU micronu-
trient mixture was used.

Black gram seeds var. ADT 5 were sown in well manure field with a spacing of 30 × 10 cm and a 
plot size of 8 × 5 m. The 100% recommended dose of fertilizer (25:50:25 kg NPK ha−1) was applied to 
the entire plot before sowing. Mono- and diammonium phosphate and combination with brassi-
nolide (0.25 ppm), salicylic acid (100 ppm) were sprayed at 30 and 45 days after sowing and TNAU 
pulse wonder at 5.0 kg ha−1 were sprayed on 45 DAS and enriched TNAU micronutrient mixture at 
5 kg ha−1 was applied as basal. Observations on growth and yield parameters viz., plant height, num-
bers of flowers plant−1, number of pods plant−1, and 100 grain weight were recorded at maturity 
stage using the standard procedures. All other agronomic and crop management aspects were fol-
lowed as per the recommendations of Tamil Nadu Agricultural University. Economics of foliar appli-
cation of mono- and diammonium phosphate with brassinolide and salicylic acid were worked out 
by using the current market price of inputs and black gram grain. The net return per hectare was 
worked out for all the treatments by subtracting the cost of cultivation from the gross return. B:C 
ratio was also calculated as follows:

 

2.3. Statistical analysis
Statistical analyses of the data were carried out according to randomized block design. The experimental 
data were pooled and the mean data for two years are subjected to statistical analysis as per methods 
suggested by Gomez and Gomez (1984). All the parameters were subjected to analysis of variance 
(ANOVA) and the data were analyzed using AGRES statistical software by Tamil Nadu Agricultural 
University. Fisher’s Least Significant Difference was used to test the significant differences between the 
means, at probability level p ≤ 0.05 using the ANOVA. The non-significant treatment differences were 
denoted as NS.

3. Results and discussion

3.1. Growth and yield characters
Application of different sources of phosphorus, growth regulators, and micronutrient had positively 
influenced the growth, yield and economics of black gram (Table 2). Application of 100% recom-
mended dose of NPK + DAP 2% + TNAU pulse wonder 5.0 kg ha−1 (T10), had significantly recorded 
higher plant height (37.62  cm), number of pods per plant (37.15), number of flowers per plant 

(1)Benefit cost ratio = Gross return (Rs ha
−1
)∕Cost of cultivation (Rs ha

−1
)
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(50.12), and fruit setting percent (72.55%) which was on par with 100% recommended dose of 
NPK + DAP 2% + TNAU MN mixture 5 kg ha−1 (T11). However, the application of 100% recommended 
dose of NPK + DAP 2% + Brassinolide 0.25 ppm (T8) registered the next best treatment on higher 
plant height, pods per plant, number of flowers per plant, and fruit setting percent; and this was on 
par with MAP 0.5% + Brassinolide 0.25 ppm (T6).

The significant increase in growth characters of black gram might be due to combination of nutrient 
and growth regulator foliar spray which play a major role in growth development and metabolism of 
black gram. The combination of DAP, Brassinolide combined with micronutrient might have favored 
better translocation of assimilates to sink resulted in improvement in growth and yield parameters. 
Foliar application of BR and SA might have enhanced the CO2 fixation, induced activity of carbohy-
drate synthesizing enzymes coupled with effective partitioning of dry matters into reproductive sink 
as reported earlier (Bera, Maity, & Maumdar, 2008). The reason for more number of pods per plant, 
number of seeds per pods might be due to the balanced metabolism maintained continuously inside 
the plant to subsequent phases of growth.

3.2. Grain yield
Effects of growth regulators on grain yield and haulm yield of black gram were significantly improved 
by the application of nutrients and plant growth regulators (Figure 2). Grain and haulm yield (1116 
and 3351 kg ha−1, respectively) was recorded higher in application of 100% recommended dose of 
NPK + DAP 2% + TNAU pulse wonder 5.0 kg ha−1 (T10) which was on par with 100% recommended dose 
of NPK + DAP 2% + TNAU MN mixture 5 kg ha−1 (T11). This might be due to beneficial effect of nutrients 
in combination with growth regulators applied at proper time and stage, which resulted in higher 
yield as reported by Kumaran and Subramanian (2001). With respect to the application of TNAU pulse 
wonder, the possible reason for improvement in yield might be due to the nature of this crop booster 
with a combination of nutrients and growth regulators for pulses resulted in decreased flower shed-
ding and improvement in the crop tolerance for abiotic and biotic stress.

The foliar spraying of these might have exploited favorably for indeterminate crop for prolonged and 
continuous translocation of photosynthate. Apart from this, delayed senescence may also be attrib-
uted for the increase in yield. The production of higher seed yield due to growth regulators may be 
attributed to the fact that plants treated with growth regulators remained physiologically more active 
to build up sufficient food reserves for developing flowers and seeds. Similar kind of results on the foliar 

Table 2. Effect of mono- and diammonium phosphate with growth regulators and 
micronutrient on growth parameters of black gram (mean data of two years)
Treatment Plant height 

(cm)
Number of flower/

plant
Number of pods/

plant
Fruit setting 

(%)
T1 26.41 36.78 20.01 54.34

T2 27.66 41.10 23.11 56.18

T3 30.33 42.99 26.80 62.27

T4 28.87 43.05 25.29 58.64

T5 28.84 41.25 24.84 60.31

T6 35.30 50.69 34.66 68.37

T7 32.73 46.25 30.61 66.20

T8 35.93 51.15 35.87 70.06

T9 33.52 47.45 31.72 66.86

T10 37.62 50.12 37.15 72.55

T11 35.96 48.89 35.64 70.75

SEd 0.77 0.85 1.06 1.16

CD (p = 0.05) 1.62 1.76 2.25 2.44
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application of super phosphate and diammonium phosphate was found beneficial than soil applica-
tion (Chandrasekar & Bangarusamy, 2003; Senthilkumar, Muthukrishnan, Ramasamy, & Chandragiri, 
2008). Earlier studies, in the case of green gram also, foliar application of brassinolide and salicylic acid 
could be beneficial for improving yield and nutritional quality of green gram (Bera et al., 2008). 
Application of salicylic acid at 100 ppm increased number of pods plant−1, number of seeds pod−1, seed 
weigh plant−1, and seed yield ha−1 (Sujatha, 2001). Jeyakumar et al. (2008) also reported that applica-
tion of 125 ppm salicylic acid to black gram plants increased seed yield. The lowest black gram grain 
yield 730 kg ha−1 and haulm yield 2423 kg ha−1 was recorded in 100% recommended dose of NPK.

3.3. Economics
Application of 100% recommended dose of NPK + DAP 2% + TNAU pulse wonder at 5 kg ha−1 (T10) 
recorded higher benefit: cost ratio of 2.98 followed by application of 100% recommended dose of 
NPK  +  DAP 2%  +  TNAU MN mixture 5  kg  ha−1 (T11) (Figure 3). However, the next best treatment  
application of 100% recommended dose of NPK + DAP 2% + Brassinolide 0.25 ppm (T8) recorded 
benefit: cost ratio of 2.82 which was close to spraying of MAP 0.5% + Brassinolide 0.25 ppm (T6). 
Some of the earlier study also reported that foliar spray of DAP, NAA and micronutrients significantly 
improved seed yield of green gram and highest benefit cost ratio (Pradeep Mohan Dixit & Elamathi, 
2007).The lowest benefit: cost ratio of 1.98 was recorded in 100% recommended dose of NPK.

3.4. Regression analysis
Quadratic response regression analysis on the grain yield of black gram was predicted for the  
impact of plant height (cm), number of flowers per plant, number of pods per plant, and fruit setting 
percent and the results indicated that the increase in these parameters has significantly improved 
the grain yield of black gram, which is reflected in the graph with the R2 value and polynomial  
equation (Figures 4 and 5). For instance polynomial equation y = 2.261x2 − 109.7x + 2053, with the 

Figure 2. Influence of foliar 
spray of macro-, micronutrient 
and growth regulators on grain 
and haulm yield of black gram 
(mean data of two years).
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Figure 3. Influence of foliar 
spray of macro-, micronutrient 
and growth regulators on 
benefit cost ratio of black gram 
(mean data of two years).
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R2 value of 0.995 was observed for plant height with grain yield. Similar trend was observed with 
other parameters (equations depicted with Figures 4 and 5). The final yield of crop is the cumulative 
effects of growth attributes and such of those treatments which manipulate the favorable param-
eters could result in the positive relationship with higher productivity and this has been proved in 
the current study.

4. Conclusions
The present investigation concluded that application of 100% recommended dose of NPK + DAP 
2% + TNAU pulse wonder at 5.0 kg ha−1 on 45 days after sowing can be recommended to exploit the 
genetic potential and increases the productivity of black gram as a nutrient management strategy 
to get higher productivity and profitability of black gram in Cauvery Delta Zone of Tamil Nadu, India.

Figure 4. Regression analysis 
of plant height and number of 
flowers versus grain yield.
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