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Abstract 
 Impact of plant growth regulators viz., benzyl amino purine (BAP - 50 ppm), brassinolide (BL - 0.5 
ppm), and nutrient like KCl (1%) alone and with combination on growth and growth analytical parameters, 
and yield of finger millet by foliar spray at panicle initiation stage under rainfed condition  was studied in 
field experiment. The treatments including control, KCl, BAP, BL, KCl + BAP, KCl + BL, BAP + BL and 
KCl + BAP + BL and different growth and growth analytical parameters were estimated. Combination of 
KCl, BAP and BL registered highest root length (17.2 cm), leaf area (425.3 cm2), leaf area index (1.82) and 
leaf area duration (55.7 days) compared to other treatments. Higher specific leaf weight and crop growth rate 
were recorded by KCl + BAP, and BAP + BL, respectively. The highest grain yield of 22.5 Q/ha was 
recorded by KCl + BAP + BL. 
 

Introduction 
 Eleusine coracana L. Geartn called as finger millet and Ragi belonging to Poaceae and is one 
of the most important cereals in India after wheat and rice and ranks third in importance among 
millets in the world after pearl millet and foxtail millet (Upadhyaya et al. 2007). Finger millet is 
well adapted to heat and drought that prevails in marginal and degraded soils and has relatively 
better nutritional value. Because of its superior adaptability, it plays an important role in 
supporting marginal agriculture, such as that commonly practiced in semi-arid regions of India 
(Ravi et al. 2010). The high nutritive value compared to other cereals and grown in sterile soil 
makes finger millet as one of the salient crops among resource poor communities living in food 
insecure areas. Finger millet is a popular food among diabetic patients in the countries like India. 
Hence, finger millet is considered as ‘poor man’ and also ‘rich man crop’. 
 The alarming increase of population growth, drought and erratic rainfall has been the main 
cause of food insecurity (AsnakeMekuriaw 2006). Drought is one of the most common 
environmental stresses that affects growth and development of plants. Even though, finger millet 
is drought tolerant crop, the yield potential is reduced when it is grown under rainfed condition. 
There is less chance of nutrients application through soil under rainfed condition. Hence, foliar 
application of nutrients, plant growth regulators and with consortia is possible to alleviate the 
drought effect and also enhance the productivity of crop under rainfed condition. Prabha et al. 
(2016) reported that the foliar application of plant growth regulators (PGRs) and nutrients twice at 
50 and 70 days after sowing was found to give better yield and economic returns. Foliar 
application of potassium improved the drought tolerance, growth and yield components in wheat 
(Aown et al. 2012). Chang et al. (2016) reported that the exogenous application of cytokinin 
delayed leaf wilting under drought stress. Hence, the present study was undertaken to enhance the 
productivity of direct sown finger millet by using PGRs and nutrients under rainfed condition. 
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Materials and Methods  
 The experiment was carried out at field number F1, Regional Research Station, Tamil Nadu 
Agricultural University, Paiyur by using finger millet variety Paiyur 2 seeds, sown directly to the 
field with the spacing of 22.5 × 10 cm after the receipt of sufficient rainfall (37 mm). PGRs and 
nutrient solutions were prepared, separately, and treatments consisting of BAP (50 ppm), BL (0.5 
ppm), KCl (1%), KCl + BAP, KCl + BL, BAP + BL and KCl + BAP + BL were applied as foliar 
spray at panicle initiation stage (60 days after sowing) and control was maintained with water 
spray. The experiment was carried out in RCBD with one variety imposed with eight treatments in 
three replications. 
 Plant height was measured from the ground level to the tip of the growing point. The plant 
was uprooted, and the root was taken with minimum damage and the length from the stem base to 
the root tip was measured. Number of leaves was determined by counting the leaves from the base 
to tip of the plant in each replication and mean value expressed in numbers. Leaf area per plant 
was measured by using leaf area meter (LICOR, Model LI 3000). Uprooted plant samples, after 
washing the root portion, were first shade dried and then oven dried at 80C for 48 hrs. The dry weight 
of the leaf was recorded and expressed as g/plant. 
 Leaf area index (LAI) was calculated by employing the formula of Williams (1946) as follows. 
LAI = Leaf area per plant/ground area occupied by the plant. Leaf area duration (LAD) was 
determined by using the formula of Power et al. (1967) as follows and expressed in days. 
 
  LAD =                 (t2 - t1) 
 
 where, L1 = LAI at first stage, L2 = LAI at second stage, t2 - t1 = Time interval in days 
 Specific leaf weight (SLW) was calculated by using the formula as suggested by Pearce et al. 
(1968) as follows. SLW = Leaf dry weight/leaf area. Crop growth rate (CGR) was calculated 
following the formula of Watson (1958).  
 
  CGR = 
 
 where, W2 and W1 = Whole plant dry weight at t2 and t1, respectively; t2 - t1 = Time interval;    
P = Spacing in m2. The grain yield was recorded after harvest and expressed in terms of quintal per 
hectare. The data on various parameters were analyzed statistically as per the procedure suggested by 
Gomez and Gomez (1984). 
 
Results and Discussion 
 Plant height is an important parameter that determines the growth and development of a plant. 
Combination of BAP + BL recorded highest plant height of 75.8 cm which is on par with KCL + 
BAP + BL (74.4 cm) and KCl + BL (72.7 cm) while compared to control (58.6 cm) at 120 days 
after sowing (Table 1). Foliar spray of PGRs (BAP + BL) increased the plant height up to 29.4% 
followed by KCl + BAP + BL (27%). The positive effect of brassinolide on plant height might be 
due to the induced synthesis of both IAA and GA and their cumulative action (Sengupta et al. 
2011). Sivakumar and Jeya Priya (2017) reported that foliar spray of brassinolide increased the 
plant height up to 16.27% compared to control under stress condition. BAP generally synthesizes 
at root tip and induces shoot growth which results increasing plant height. Foliar spray of benzyl 
adenine increased plant height of Schefflera arboricola L. as 41.15% compared to control (Sardoei 
et al. 2014). The present result is in agreement with the earlier findings of Sardoei et al. (2014). In 
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case of root length, combination of KCL + BAP + BL showed its superior value of 17.2 cm 
followed by KCL + BL (16.2 cm) and BAP + BL (16.0 cm) at 120 days after sowing (Table 1). 
Long root system is an advantageous under rainfed condition to support plant growth and extract 
water from deep soil layers. Root length increased up to 14.7% by the application of KCl + BAP + 
BL compared to control. The increased root length by the application of potassium might be due to 
its action as compatible osmolyte which reduces the water potential of leaf ultimately inducing the 
root growth. Foliar application of 0.5 ppm brassinolide increased the root length up to 16.27 per 
cent compared to control (Sivakumar and Jeya Priya 2017). Soad and AboHamad (2014) reported 
that the application of brassinolide causes a significant increase in root and shoot length of wheat 
and thereby counteracted the inhibitory effects of any adverse condition. 
 
Table 1. Impact of PGRs and potassium on growth parameters of finger millet under rainfed condition. 
 

Treatments 
Plant height (cm) Root length (cm) Number of leaves  Leaf area (cm2) 

90 DAS 120 DAS 90 DAS 120 DAS 90 DAS 120 DAS 90 DAS 120 DAS 

Control  57.1 58.6 14.8 15.0 12.0 10.3 363.6 338.5 

KCl  61.4 63.5 14.9 15.2 12.3 11.0 392.6 370.4 

BAP  61.3 64.0 14.4 14.8 13.0 12.3 400.1 392.0 

BL  65.9 66.8 15.4 15.6 12.7 11.7 396.7 390.5 

KCl  + BAP  63.5 64.7 14.7 15.3 13.0 12.0 404.4 393.2 

KCl + BL  67.5 72.8 15.6 16.2 13.7 12.0 416.6 399.6 

BAP  + BL  69.0 75.8 15.2 16.0 14.0 13.0 421.2 407.9 

KCl  + BAP  + BL  71.6 74.4 17.1 17.2 14.3 13.3 425.3 409.6 

SEd 1.54 1.56 0.314 0.315 0.308 0.302 8.95 7.25 

CD (p = 0.05) 3.12 3.15 0.632 0.634 0.612 0.606 18.30 14.68 
 
 The higher number of leaves (14.3) was registered by combination of PGRs (BAP + BL) and 
nutrient (KCl). However, it is on par value with combination of PGRs (14.0) and KCl + BL (13.7). 
The highest leaf area of 425.3 cm2 was found in the treatment KCl + BAP + BL which is at par 
with BAP + BL (421.2 cm2) and KCl + BL (416.6 cm2). Water sprayed control recorded least 
value of 363.6 cm2 leaf area at 90 days after sowing (Table 1). Foliar spray of KCl + BAP + BL 
showed its maximum effect in improving the leaf area by 16.9% followed by BAP + BL (15.8%) 
and KCl + BL (14.6%) compared to control at 90 DAS. Eskandari and Eskandari (2013) found 
that foliar application of 28-homo brassinolide increased the number of leaves and leaf area 
compared to control. Thus, the present study corroborated with earlier findings. 
 LAI is one of the important factors influencing leaf net photosynthesis of the crop plants. It 
was enhanced by the foliar spray of KCl + BAP + BL (1.82) compared to control (1.50). PGRs 
with KCl recorded on par value with BAP + BL (1.81) and KCl + BL (1.78) (Table 2). Increased 
LAI up to 21.33% by the application of PGRs with KCl might be due to increased leaf area. 
Maintaining LAI under rainfed condition is necessary for carrying out current photosynthesis and 
ultimately yield. Sengupta et al. (2011) reported that the foliar application of brassinolide 
increased the LAI up to 49.38% in summer green gram. The positive role of BAP on leaf area and 
LAI might be due to its anti-senescence asset which maintains the leaf number, leaf area and LAI. 
LAD represents the functionality of the leaf over its life period and it is integration of LAI with 
time. The highest LAD was recorded by KCL + BAP + BL (55.7 days) which is at par with BAP + 
BL (55.3 days) and KCl + BL (54.4 days) while least was recorded by control (46.8 days) (Table 



226 SIVAKUMAR AND SURENDAR 

2). LAD parameter reflects the ability of plants to create and maintain the green leaf area for the 
longest time per unit land area. It is calculated as a conjunction of green leaf area size and it’s 
duration (Hunkova et al. 2011).  
 
Table 2. Impact of PGRs and potassium on LAI, LAD and yield of finger millet under rainfed 

condition. 
 

Treatments LAI LAD (Days) Yield (Q/ha) 
Control  1.50 46.8 18.9 
KCl  1.65 50.9 20.0 
BAP  1.74 52.8 19.5 
BL  1.74 52.5 19.7 
KCl 1.75 53.2 20.5 
KCl + BL  1.78 54.4 21.0 
BAP  + BL  1.81 55.3 19.1 
KCl + BAP + BL  1.82 55.7 22.5 
SEd  0.036 1.02  0.451 
CD (p = 0.05)  0.071 2.11  0.907 

 

 Among the treatments, brassinolide alone and in combination with BAP and KCl showed at 
par value of LAD indicating its superior role on LAD. The increment of LAD by the application of 
BL is might be due to maintaining leaf area. This was the evidence that LAD and greenness of leaf 
are most important parameters connected with current photosynthesis and yield. 
 SLW is an indicator of the photo-assimilates production capacity of the plants per unit leaf 
area. The highest SLW of 2.55 mg/cm2 was recorded by KCl + BAP followed by KCl + BAP + 
BL (2.50) and KCl + BL (2.4). Interestingly, BAP alone showed higher SLW (2.35) compared to 
BL alone (1.76) and KCl alone (1.8) (Fig. 1). On the other hand, brassinolide alone showed less 
SLW compared to KCl alone. However, the combination of KCl + BAP + BL showed the 
increment of 54.3% SLW compared to control. Abou Aziz et al. (2011) registered that application 
of benzyl adenine significantly increased the SLW compared to the control. The increase in the 
SLW by benzyl adenine could be due to stimulating dry mass production through enhancement of 
cell division and chlorophyll accumulation which leads to higher photosynthetic activity and 
accumulation of dry matter.  
 CGR denotes dry matter accumulation per unit land area and unit time. Maintenance of CGR 
under rainfed situation is an essential growth analytical trait which decides the yield of crop plants. 
Combination of PGRs (BAP + BL) showed superior value of 17.0 g/m2/day followed by KCl + 
BAP + BL (16.9) and BL alone (16.5). Water sprayed control showed least value of CGR (15.5 
g/m2/day) (Fig. 2). There was an increment of 9.7% CGR by the application of PGRs. The results 
indicated that the role of potassium and BAP on CGR is meager. However, the superior role of 
brassinolide on CGR might be due its synergistic role with IAA and GA.  
 Prakash et al. (2006) reported that application of brassinolide enhanced various physiological 
and biochemical processes ultimately leading to increased CGR and RGR in rice crops. Foliar 
application of 0.5 ppm brassinolide increased the CGR in blackgram (Krishna Surendra et al. 
2013). The present study confirmed the earlier findings. 
 The highest grain yield of 22.5 Q/ha was registered by combination of KCl + BAP + BL 
followed by KCl + BL (21 Q/ha) while the lowest was recorded by control (18.9 Q/ha). The grain 
yield was increased up to 19% by the application of PGRs with KCl under rainfed condition 
(Table 2). Combination of KCl + BAP + BL showed significantly superior yield compared to 
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other treatments. The yield increment by brassinolide under rainfed might be due to the increment 
of plant height, leaf area, LAD and CGR which directly contribute to the photosynthesis and 
ultimately yield. Foliar application of brassinosteroid (0.1 ppm) is advantageous in enhancing both 
growth and yield of pigeonpea (Sumathi et al. 2017). Raza et al. (2014) reported that the foliar 
application of potassium improved the yield attributes in wheat under water deficit condition. 
Application of brassinolide (0.25 ppm) is an effective management practice to increase the yield of 
green gram crop grown under limited moisture condition (Sengupta et al. 2011). 
 

 
 

Fig. 1. Impact of PGRs and potassium on specific leaf weight of finger millet under rainfed condition. 
 

 
 

Fig. 2. Impact of PGRs and potassium on crop growth rate of finger millet under rainfed condition. 
 

 Foliar application of BL, BAP with KCl showed its supremacy for enhanced plant height, root 
length and leaf area in finger millet under rainfed condition. LAD and CGR were also improved 
by BL and KCl. It is may be concluded that combination of BL+ BAP + KCl has the ability to 
reduce the severity of the rainfed effect on finger millet and ultimately increased grain yield up to 
19% and can be used as amelioration consortia under rainfed condition.  
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