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ABSTRACT 
A field experiment entitled “Effect of green manuring, spacing and nitrogen levels on productivity of greengram-
safflower sequence” was conducted at Agriculture Research Station, Annigeri, University of Agricultural Sciences, 
Dharwad during kharif and rabi seasons of 2014-15 under rainfed conditions. The experiment was laid out in a split-split 
plot design and replicated thrice. Main plot consist of three treatments, greengram as a green manuring and greengram 
as a dual purpose grown during kharif and one fallow. Succeeding safflower was sown during rabi season with two sub 
treatments of spacings (45 cm x 20 cm and 60 cm x 30 cm) and three sub sub treatments  of nitrogen levels (20, 30  and 
40 kg N/ ha). Among the main plot treatments greengram as a green manure resulted significantly highest seed yield 
(12.92 q/ha). While the lowest seed yield was recorded in fallow (11.09 q/ha), however the greengram as a dual purpose 
was on par with greengram as a green manuring (12.04 q/ha). Among the main plot treatments GM2 recorded 
significantly higher net returns (35363 Rs./ha) and B : C ratio (2.53), as compared to rest of the treatments GM1 and 
fallow (12191 Rs./ha and 13795 Rs./ha, respectively) and (1.61 and 1.99, respectively). 
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INTRODUCTION 
In the present day agriculture, emphasis is being laid on the maximization of agricultural productivity per 
unit time through increasing soil fertility and productivity [7]. The choice of green manuring crops has to 
be made in relation to soil, climate and time available to raise the green manure crop. Leguminous green 
manuring crop fixes the atmospheric nitrogen in the soil in the available organic form, improves the soil 
health, physical structure, prevents leaching losses and conserves soil moisture [7]. Green manuring is a 
low cost effective technology in minimizing investment cost on chemical fertilizer, pesticides and other 
inputs, thus safeguarding the productive capacity of soil with minimum investment. A green manure 
cover crop, or plow down crop, is any crop that is turned into the soil to add organic matter, nitrogen or 
other nutrients. Such biomass can be either grown in-situ for incorporation or grown elsewhere and 
brought for incorporation in field to be manures. Leguminous plants are mainly used for green manuring 
due to their biological nitrogen fixation ability, drought tolerance, quick growth and adaptation to adverse 
conditions [7]. 
In Northern Dry Zone (Zone-3) of Karnataka, safflower is one of the important oilseed crop grown on 
residual moisture in vertisol. Farmers are practice fallow-safflower cropping system. In this system land 
is kept fallow during the kharif. It gives a chance to take up in-situ green manure in fallow land. These in-
situ green manures produce an average 15-22 tonnes of green biomass which add about 5-7 tonnes of dry 
matter to the soil and enhance the soil fertility. This in turn increase the availability of nutrients in soils 
and crop productivity (improves the physical, chemical and biological properties of soil) Hence, the 
present experiment was planned to study the effect of green manuring, spacing and nitrogen levels on 
productivity of greengram-safflower sequence. 
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MATERIAL AND METHODS 
The field study was conducted during kharif and rabi seasons of 2014-15 under rainfed conditions at the 
Agricultural Research Station, Annigeri, Dharwad. The experiment was laid out in a split-split plot design 
and replicated thrice. Main plot consist of three treatments, greengram as a green manuring (GM1) and 
greengram as a dual purpose (GM2) grown during kharif and one fallow (GM3). Succeeding safflower was 
sown during rabi season. Two sub treatments spacings (S1: 45 cm x 20 cm and S2: 60 cm x 30 cm) and 
nitrogen levels (N1: 20, N2: 30 and N3: 40 kg N/ha) were applied to succeeding safflower. 
The greengram crop was sown with the onset of monsoon (12th June 2014) at row spacing of 30 cm with 
seed rate of 12.5 kg/ha. Greengram crop was given a common dose of fertilizer of 25:50:25 kg N: P2O5: 
K2O/ha at the time of sowing. Green manure GM1 i.e. incorporation of greengram as a green manure at full 
bloom stage (45-50 DAS) in field was done on 1st August 2014. And GM2 greengram as a dual purpose i.e. 
incorporation after picking of pods was carried out on (20.08.2014). The rainfall received in the month of 
August (170.4 mm) and September (130.2 mm) ensured proper decomposition of green manure. The 
average annual rainfall of the year April 2014 to May 2015 (841.7 mm) with 52 rainy days. During rabi 
season, the safflower crop was sown on 20th October 2014.  The safflower was harvested at 130 days after 
sowing. The rainfall received in the month of October (128.4 mm), November (23.6 mm) and December 
(18.6 mm) ensured adequate moisture in the soil which in turns helped for proper growth and 
development of crop.  
 
RESULTS AND DISCUSSION 
The performance of safflower was significantly influenced by incorporation of green manures (Table 2). 
Incorporation of greengram as a green manure resulted significantly highest seed yield (12.92 q/ha). 
While the lowest seed yield was recorded in fallow (11.09 q/ha), however the greengram as a dual 
purpose was on par with greengram as a green manuring (12.04 q/ha). Safflower yield was higher 16.50 
per cent in GM1 and 8.57 per cent in GM2 as compared to fallow- safflower system (Table 2). Seed yield is a 
function of yield contributing characters of safflower. The improvement in seed yield of safflower in 
greengram as green manuring as well as greengram as a dual purpose crop was due to yield attributes 
viz., number of capsules per plant (24.56 and 22.69, respectively), number seeds per capsules (26.11 and 
25.00, respectively), seed weight per plant (15.07 g and 13.07 g, respectively) and test weight (5.91 g and 
5.88 g, respectively) (Fig. 1 and 2). All these yield components were significantly higher with greengram 
as a green manuring crop than fallow. the higher yield parameters in these treatments was in turn due to 
higher growth characters of safflower such as plant height (80.73 cm and 79.58 cm, respectively), total 
number of primary branches (9.22 and 8.07, respectively) and secondary branches (16.98 and 15.29, 
respectively) in GM1 and GM2 (Table 1). These results corroborate with the findings of Yogesh (2013). 
Among the green manure treatments GM2 recorded significantly higher net returns (35363 Rs./ha) and B 
: C ratio (2.53), as compared to rest of the green manure treatments GM1 (12191 Rs./ha and 1.61) and 
fallow (13795 Rs./ha and 1.99) respectively (Table 3). The higher net returns and B:C ratio of safflower 
was due to higher equivalent yield of safflower. These results are in line with the findings of  Rajshekar et 
al. [5]. 
Effect of spacings on growth and yield of safflower 
The performance of safflower was significantly influenced by adopting two different spacings. Between 
the spacings treatments, significantly higher seed yield was observed in 60 cm x 30 cm (12.77 q/ha) than 
the 45 cm x 20 cm (11.26 q/ha), which was 13.41 per cent higher in 60 cm x 30 cm compared to 45 cm x 
20 cm (Table 2). Wide spacing produced the highest number of capsules per plant (24.09), number of 
seeds per capsules (25.85), test weight (5.95) and seed weight per plant (14.26) as compared with 
narrow one (Fig. 1 and 2). Due to the better environmental conditions in wide spacing and less 
competition between plants as well as increased light penetration within plant canopy which increased 
assimilation rate and oil formation. These results are in line with those obtained by Babak et al. [1] and 
Roqiyeh et al. [6]. 
Increased plant height with wider spacing (low density) may be due to increased light and decreased 
shadow, which permit auxin hormone to work together with gibberellin hormone to elongate the internal 
and this results in increasing stem growth. On the other hand, closer spacing (high density) leads to 
decreased light penetration to the vegetative parts of plant and cause photo destruction to oxygen which 
result in decreased plant height. With decreasing row spacing, seed yield per capsule generally tended to 
decrease. The yield per capsule reductions in safflower crop at high density can be explained by lower 
number of seeds per capsule (23.70), seed weight per plant (12.83) and test weight (5.63) (Fig. 1 and 2). 
Seed yield per capsule decreased with decrease row spacing, while total seed yield increased, this may be 
due to increase plant density which results in increased total seed yield as compared with seed yield per 
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capsule, as shown in (Table 2) This reduction in seed yield per capsule by increasing plant density 
(decreasing row spacing) has been verified in some studies Ozel et al., [4]. 
 

Table 1: Effect of green manuring, spacing and nitrogen levels on growth parameters of  
succeeding safflower. 

Treatment Plant height 
(cm) 

Primary branches 
plant-1 

Secondary branches 
plant-1  

Green manuring (GM)  

GM1: Green gram (Green manuring) 80.73 9.22 16.98 

GM2: Green gram (Dual purpose) 79.58 8.07 15.29 

GM3: Fallow 73.39 7.83 14.90 

S.Em+ 2.24 0.22 0.42 

CD (p=0.05) 6.72 1.20 1.80 

Spacing (S) 

S1: 45 cm x 20 cm 77.37 7.74 14.97 

S2: 60 cm x 30 cm 80.69 9.01 16.47 

S.Em+ 1.61 0.30 0.37 

CD (p=0.05) NS 1.02 1.28 

Nitrogen levels (N) 
N1: 20 kg N/ha (50% RDN) 74.00 6.79 13.73 

N2: 30 kg N/ha (75% RDN) 77.05 8.33 15.72 

N3: 40 kg N/ha (100% RDN) 82.64 10.00 17.71 

S.Em+ 2.32 0.29 0.39 

CD (p=0.05) 6.78 0.85 1.13 

Interaction (GM×S×N) 

S.Em+ 5.69 0.72 0.95 

CD (p=0.05) NS NS NS 

Table 2: Effect of green manuring, spacing and nitrogen levels on seed yield, stalk yield (q/ha) and 
harvest index of succeeding safflower 

Treatment 
Seed yield (q/ha) 

Stalk yield  
(q/ha) 

Harvest index 
 

Green manuring (GM) 

GM1: Green gram (Green manuring) 12.92 48.84 0.26 

GM2: Green gram (Dual purpose) 12.04 44.95 0.25 

GM3: Fallow 11.09 43.34 0.23 

S.Em+ 0.24 0.97 0.004 

CD (p=0.05) 0.95 3.79 0.017 

Spacing (S) 

S1: 45 cm x 20 cm 11.26 42.20 0.25 

S2: 60 cm x 30 cm 12.77 49.22 0.25 

S.Em+ 0.24 0.93 0.005 

CD (p=0.05) 0.82 3.21 NS 

Nitrogen levels (N) 

N1: 20 kg N/ha (50% RDN) 10.32 39.77 0.25 

N2: 30 kg N/ha (75% RDN) 11.31 44.60 0.24 

N3: 40 kg N/ha (100% RDN) 14.42 52.76 0.26 

S.Em+ 0.29 0.97 0.008 

CD (p=0.05) 0.85 2.83 NS 

Interaction (GM×S×N) 

S.Em+ 0.72 2.38 0.019 

CD (p=0.05) NS NS NS 

 
Effect of nitrogen on growth and yield of safflower 
Nitrogen fertilization positively affected seed yield. Seed yield showed significant increase with increase 
in levels of nitrogen. Among the different nitrogen levels, significantly the highest seed yield was 
observed at 40 kg N/ha (14.42 q/ha) over the 30 kg N/ha (11.31 q/ha) and 20 kg N/ha (10.32 q/ha). And 
this was 39.72 per cent at 40 kg N/ha and 9.6 per cent at 30 kg N/ha higher compared to 20 kg N/ha 
(Table 2). These results conformed with the following findings of Vishwanath et al., [8]. Differences in 
seed yield of safflower were mainly due to differences in yield contributing characters. The improvement 
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in seed yield with application of 40 kg nitrogen per ha was due to increase in yield attributing characters 
of safflower such number of capsules per plant (25.98), number seeds per capsules (27.78), seed weight 
per plant (14.61) and test weight (6.62) (Fig. 1 and 2). All these yield components recorded significantly 
higher value at 40 kg nitrogen per ha than the 20 kg nitrogen per ha. Similar increases in yield attributes 
with increasing levels of nitrogen were reported in safflower by Golzarfar et al., [2]; Zareie et al., [10]; and 
Mohamed et al., [3].  

 
Table 3: Effect of green manuring, spacings and nitrogen levels on gross returns, net returns and 

B:C ratio of succeeding safflower 
Treatment Gross returns 

(Rs/ha) 
Net returns 

(Rs/ha) 
B:C ratio 

 
Green manuring (GM) 
GM1: Green gram (Green manuring) 32292 12191 1.61 
GM2: Green gram (Dual purpose) 58463 35363 2.53 
GM3: Fallow 27714 13795 1.99 
S.Em+ 602 602 0.25 
CD (p=0.05) 2364 2364 0.85 
Spacing (S) 
S1: 45 cm x 20 cm 37566 18526 1.94 
S2: 60 cm x 30 cm 41413 22373 2.14 

S.Em+ 591 591 0.28 
CD (p=0.05) 2046 2046 NS 
Nitrogen levels (N) 
N1: 20 kg N/ha (50% RDN) 35200 16312 1.82 
N2: 30 kg N/ha (75% RDN) 37692 18651 1.94 
N3: 40 kg N/ha (100% RDN) 45578 26385 2.36 
S.Em+ 730 730 0.34 
CD (p=0.05) 2131 2131 NS 
Interaction (GM×S×N) 
S.Em+ 1788 1788 0.91 
CD (p=0.05) NS NS NS 
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