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ABSTRACT 
 

Present study  was  carried  out  at  NARC, Islamabad during kharif season 

2012-13. Thirty six bacterial strains were isolated but only eight were selected 

because of their high indole acetic acid (IAA), phosphorus solubilization (PS) 

and ACC deaminase activity.  These strains were tested in two field trials under 

different salinity levels (9.43 and 7.51 dS m
-1

). Sunflower seeds were inoculated 

with biofertilizer containing these strains. Six treatments; T1 (un-inoculated), T2 

(KS 44), T3 (KS 7), T4 (KS 41), T5 (KS 42) and T6 (KS mixture) were tested in these 

experiments. Economic analyses of two field experiments was carried out to 

select the best alternative treatment bearing optimum economic benefits 

against control (un-inoculated).  The data revealed that treatment T2 (KS 44) had 

the highest cost benefit ratio (1:4.36), marginal rate of return (16665) and 

residual value (117190) Rs ha
-1

 among all treatments at site1 (EC 9.43dS m
-1

) 

whereas at site 2 (EC 7.51dS m
-1

)  treatment T2 (KS 44)  also had  the highest 

cost benefit ratio (1:4.31), marginal rate of return 9628 and residual value 

114598 Rs ha
-1

  among all treatments and proved to be the best treatment on 

both sites. Hence bio-fertilizer containing these PGPR strains could be 

recommended to get maximum return from saline sodic soils by growing hybrid 

sunflower crop (SMH-0917). 
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INTRODUCTION 
 
Environmentally safe and sustainable agriculture production is one of the 
major concerns being faced by the farming community.  An increased crop 
production is essential for feeding the rampant growing population of world. 
No doubt chemical fertilizers and pesticides are important components of 
green revolution. Now it is proven fact that chemicals fertilizers used in 
excess dose are also polluting our natural resources (soil, water and air). 
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Moreover, the fertilizer price is rocketing high and becoming unaffordable for 
poor farmers of salt affected area (9). There is continuous research at global 
level to explore diverse beneficial role of PGPR for salinity tolerance (27, 20), 
heavy metal detoxifying potentials (Ma et al., 2011a; Wani and Khan, 2010) 
along with the normal plant growth promoting properties such as phyto-
hormone (3, 27) and phosphate solubilization (3). 
 
There are some bacteria and fungi which are found in root rhizosphere that 
contain ACC-deaminase. When plant faces salinity stress, secretes more 
root exudates that contain 1-aminocyclopropane-1-carboxylate (ACC). 
Bacteria with ACC-deaminase enzyme attack on ACC and break into 
ammonia (NH3) and α-ketobutyrate. The microorganisms take this ammonia 
as nitrogen source and further continue hydrolyzing ACC, reduce ethylene 
level up to required level, in this way these bacteria behave as a sink for ACC 
(Glick et al., 1998). Both these product of hydrolysis (α- ketobutyrate and 
ammonia) are used for the quantification of ACC deaminase activity. But α-
ketobutyrate is most commonly used by the scientists (16).  According to the 
present research ACC deaminase is only found in microbes but no indication 
of ethylene production via ACC (11). While none of the scientist has reported 
naturally presence of ACC deaminase activity in plant.   
 
Biofertilizers contain specific strains of bacteria, fungi and algae which 
perform particular function like, nitrogen fixation, phosphorus solubilization, 
mineralization of organic material, production of phytohormones and 
chelation of iron (Fe) by siderophore production. These natural fertilizers are 
cost effective and environment friendly. Bacterial groups (Rhizobium, 
Azospirilum, Azotobacter and Pseudomonas) and fungi vascular Arbuscular 
Mycorrihizae (VAM) are commonly used in the formulation of biofertilizers. 
Biofertilizers are innovative and renewable source of plant nutrients (4). 
 
Pakistan land resources are facing degradation due to salinity. Total extent of 
salt affected area is 6.29 mha, of which saline is 1.89 mha, permeable saline-
sodic is 1.89 mha, impermeable saline sodic is 1.02 mha while sodic soil is 
only 0.028 mha.  Province wise distribution of saline patches out of 1.89 mha 
is as, Punjab 0.94 mha, Sindh 0.5 mha and Khyber Pakhtun khawa is 0.45 
mha (14).  Salinity gives two types of stress to plants.  One is osmotic effect 
and other is toxic effect.  Osmotic effect occurs within hours whereas toxicity 
takes hours and days (8).  Pakistan is bearing huge recurring loss from this 
salt-affected area in term of low productivity.  The reduction in the yield of 
wheat, rice, cotton and sugarcane is 64, 68, 59 and 62%, respectively.  The 
estimated loss thus ranging from 0.3 to 1.0 billion dollar per annum (1).  



Economic analysis of bio-fertilizer inoculation for sunflower   

J. Agric. Res., 2016, 54(3) 

397 

Sunflower (Helianthus annus L.) is native to America and good source of 
edible oil throughout the world because of its low cholesterol content. Its seed 
contain 47.5% oil which is ranked next to peanuts 48.5%. Pakistan produces 
only 18% edible oil of its consumption and remaining 82% are being 
imported. In 2012-13 Rs 153.3 billion (US $ 1.595 billion) were spent on 
import of edible oil and oil seed for extraction of oil (GOP, 2012-13). Pakistan 
is third largest importer of edible oil in the world.  Its import bill is the largest 
drain on national exchequer and second to mineral oil (24). Total area under 
sunflower cultivation has decreased up to 0.283 mha during 2012-13(GOP, 
2012-13). This situation is alarming and warns us to enhance oil seed 
production to safe country in future from edible oil shortage. It is a medium 
salt tolerant crop and appears to be well adapted for growth under 
moderately saline soil conditions (10). Two crops can be grown in a year, one 
in Kharif season and other in spring season. Significant increases in growth 
and yield of agronomically important crops in response to inoculation with 
PGPR have been repeatedly reported (11). But generally publications do not 
accommodate economic analysis which is imperative to seek any project. 
The presences of bacterial strains in rhizosphere having ACC deaminase 
activity help in reducing ethylene production by hydrolyzing ACC into 
ammonia and α-ketobutyrate and hence improve plant productivity (Glick et 
al., 1998). Keeping in view the current scenario economic analyses of the 
treatments were conducted to conclude the best alternative treatment bearing 
maximum productivity and having optimum economic benefits against control 
(un-inoculated).   

 

MATERIALS AND METHODS 
 
Thirty six bacterial strains were isolated from five soil sample along with 
sunflower roots, collected from different salt-affected soils of Punjab-
Pakistan. Isolation, characterization (indole acetic acid, phosphate 
solubilization and ACC deaminase activity) and quantification process of 
these bacterial strains were carried out through standard procedure (Brierly 
et al., 1928, technique for isolation, IAA quantification through a standard 
graph by Ahmad et al., 2005, Phosphate solubilization index as explained by 
Edi-Premono et al., 1996 and quantification of ACC deaminase as          
described by Honma and Shimmura (16). 
 
The promising PGPR isolates (KS 44, KS 7, KS 41 and KS 42) (Table 10) 
were selected and biofertilizer (Biozote) was prepared with the help of these 
strains. Each bacterial isolate was inoculated in 200 mL flask containing 
Luria- Bertini broth. Then these flasks were incubated in growth chamber 



M. Z. Kiani et al.  

J. Agric. Res., 2016, 54(3) 

398 

having continuous shaking facility at 28±2C
o
 for three to five days.  The liquid 

cultures were transferred into autoclaved carrier material packed into half kg 
cellophane bags. Before coating with slurry hybrid seeds of sunflower (SMH-
0917) were surface sterilized with HgCl2 (2%). These isolates were tested 
under saline sodic field conditions at two different sites (SSRI Pindi Bhattian 
EC 9.43 dS m

-1
, pH 8.9, SAR 20.75 (m molc

 
L

-1
)
½
, organic mater 0.68%, 

saturation percentage 33%) and Zaidi Farm EC 7.51 dS m
-1
, pH 8.09, SAR 

16.25 (m molc
 
L

-1
)
½
, organic mater 0.96%, saturation percentage 32% during 

kharif season 2012-2013. 
 
After harvesting, data on plant height, head dry weight, shoot dry weight, 
number of seed head

-1
, 1000 seed weight, seed weight/head and seed yield 

kg/ha were recorded and statistically analyzed by the analysis of variance 
(ANOVA) and means were compared by using least significance difference 
(LSD; P = 0.05) (26). The analyses were conducted using the software 
statistic 8.1. Economic analysis of this low cost, environment friendly 
biofertilizer was carried out by following CIMMYT. 
 
For partial budget analysis, gross income (only from grains) was included, 
total cost that vary (TCV), net benefit and then cost-benefit ratio (CBR) were 
computed for all the treatments and for both sites (site 1 and site 2). CBR is 
calculated by using formula, CBR= Gross income/total cost, whereas 
marginal rate of return (MRR) was calculated as MRR = change in net 
benefit/change in cost; total cost that vary (TCV), marginal cost (MC) and 
marginal net benefit (MNB) were also calculated (6). 
 
Analysis using residual was also carried out (net benefit - minimum benefit 
required by farmer) for these experimental treatments, because farmer is 
only interested in the treatment which give him maximum return. 
 

RESULTS AND DISCUSSION 

 
The findings of partial budget for six treatments (Table 2) showed that all 
inoculated treatments gave significantly higher net benefit than un-inoculated 
treatment at site 1 (EC 9.43dS/m). However maximum net benefit (Rs/ha 
166768) was obtained from treatment T2 followed by treatment T3 (Rs/ha 
164856) and T6 (Rs/ha127704) which was inoculated with PGPR strain KS 44 
and KS 07 and KS mix respectively. Whereas net benefit from T5 and T4 was 
115932 and 78294 Rs/ha respectively, that was inoculated with bacterial 
strains KS 42 and KS 41. While un-inoculated treatment gave minimum net 
benefit (Rs/ha 33447). Different trend of results were found among inoculated 
treatments (except T2 and T3) at site 2 (EC 7.51 dS/m). Treatment T2 gave 
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significantly higher net benefit (Rs/ha 164176) followed by T3 (Rs/ha 163821) 
and T4 (Rs ha

-1
144349), which were inoculated with PGPR strains KS 44, KS 

07 and KS 41 respectively, However net benefit from treatment T5 (KS 42) 
and T6 (KS mix) were 127488 and118713 rupees/ha). However un-inoculated 
treatment showed minimum net benefit (Rs/ha 87152) in partial budget 
analysis of Table 3. 
 
Table 1. Effect of PGPR strains on sunflower yield (kg/ha). 

 
Experimental site T1 

(control) 

T2 

(KS 44) 

T3 

(KS 7) 

T4 

(KS 41) 

T5 

(KS 42) 

T6 

(KS mix) 

Site 1  1827.3 4807.7 4765.2 2841.6 3678.0 3939.6 

Site 2 3020.7 4750.1 4742.2 4309.5 3934.8 3739.8 

 
Table 2. Partial budget for sites 1 (EC 9.43 dsm

-1
). 

 
Partial budget  analysis T1 T2 T3 T4 T5 T6 

 Seed yield kg/ha   1827.3 4807.7 4765.2 2841.6 3678.0 3939.6 

10% less yield(kg/ha) 182.73 480.77 476.52 284.16 367.80 393.96 

Adjusted yield(kg/ha) 1644.5 4326.93 4288.68 2557.44 3310.2 3545.64 

Cost that vary(TCV)Rs/ha 48778 49578 49578 49578 49578 49578 

Gross income Rs/ha 82225 216346 214434 127872 165510 177282 

Net Benefit Rs/ha 33447 166768 164856 78294 115932 127704 

T1= Un-inoculated, T4 = KS 41, T2 = KS 44, T5 = KS 42, T3 = KS 7, T6 = KS mix 

 
Table 3. Partial budget for site 2 (7.51 dsm

-1
). 

 
Partial budget  analysis T1 T2     T3    T4 T5 T6 

Seed yield kg/ha            3020.7 4750.1     4742.2  4309.5         3934.8                    3739.8 

10% less yield(kg/ha) 302.07 475.01 474.22 430.95 393.48 373.98 

Adjusted yield(kg/ha) 2718.6 4275.09 4267.98 3878.55 3541.32 3365.82 

 Cost that vary(TCV)Rs/ha 48778 49578 49578 49578 49578 49578 

Gross income Rs/ha 135930 213754 213399 193927 177066 168291 

 Net Benefit Rs ha-1 87152 164176 163821 144349 127488 118713 

T1 = Un-inoculated, T4 = KS 41, T2 = KS 44, T5 = KS 42, T3 = KS 7, T6 = KS mix. 

 
Likewise treatment T2 also indicated highest cost benefit ratio (CBR) 1:4.36 
followed by treatment T3 (1:4.32) and T6 (1:3.57), while CBR for treatment T5 

and T4 were 1:3.33 and 1:2.57 respectively.  The control treatment exhibited 
minimum CBR 1:1.68 (Table 4). Similarly, treatment T2 and T3 also showed 
highest CBR (1:4.31 and 1:4.30) among all treatments of site 2 experiment 
(EC 7.51dS/m). The treatments T3, T4 and T5 indicated CBR as 1:3.91, 1:3:57 
and 1:3.39 respectively. The minimum CBR was found in case of un-
inoculated treatments (1:1.55) Table 5.  
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Table 4.  Cost-benefit ratio for site 1 (EC 9.43 dSm
-1

). 

 
Treatment Gross income                 

Rs/ha 

Total cost 

Rs/ha 

Net benefit 

Rs/ha 

Cost benefit 

ratio (CBR) 

T1 (Un-inoculated) 82225 48778 33447 1.68 

T2 (KS 44) 216346 49578 166768 4.36 

T3 (KS 7) 214434 49578 164856 4.32 

T4 (KS 41) 127872 49578 78294 2.57 

T5 (KS 42) 165510 49578 115932 3.33 

T6 (KS mix) 177282 49578 127704 3.57 

 
Table 5. Cost-benefit ratio for site 2 (EC 7.51 dSm

-1
). 

 
Treatment Gross  income 

(Rs/ha) 

Total cost 

(Rs/ha) 

Net benefit 

(Rs/ha) 

Cost benefit 

ratio (CBR) 

T1 (Un-inoculated) 135930 48778 87152 1.55 

T2 (KS 44) 213754 49578 164176 4.31 

T3 (KS 7) 213399 49578 163821 4.30 

T4 (KS 41) 193927 49578 144349 3.91 

T5 (KS 42) 177066 49578 127488 3.57 

T6 (KS mix) 168291 49578 118713 3.39 

 
 
 

 
 

Fig. 1.  Cost benefit ratio of site 1 (EC 9.43 dS/m). 
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Fig. 2.  Cost benefit ratio of site 2 (EC 7.51 dS/m) 

 

 

 
Fig. 3. Residual value for site 1 (EC 9.43 dS/m) 

 

  
Fig. 4. Residual value for site 2 (EC 7.51 dS/m) 
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Dominance analysis was not carried out because no dominated treatment 
was found in the experimental data. Marginal analysis was conducted among 
all six treatments to find out the best alternative treatment to control at site 1 
and site 2. The results of (Table 6) showed that treatment T2 gave maximum 
marginal rate of return (16665) followed by treatment T3 (16426) and T6 
(11782). These results are encouraging and worth recommending as the 
MRR was in thousand with inoculation of PGPR (Table 6). Whereas 
treatments T2 and T3 also showed the highest MRR (9628 and 9583) followed 
by T4 and T5 (7149 and 5042) at site 2 where salinity level was 7.51 dS/m. 
While treatment T6 exhibited minimum (3945) marginal rate of return among 
all treatments (Table 7). 
 
Table 6. Marginal analysis for site 1(EC 9.43 dSm

-1
). 

  

Treatment TVC MC Net benefit MNB MRR 

T1 (Un-inoculated) 48778 -------- 33447 -------- ------- 

T2 (KS 44) 49578 800 166768 133321 16665 

T3 (KS 7) 49578 800 164856 131409 16426 

T4 (KS 41) 49578 800 78294 44847 5605 

T5 (KS 42) 49578 800 115932 82485 10310 

T6 ( KS mix) 49578 800 127704 94257 11782 

TCV= Total cost that vary      MC= Marginal cost       MNB= Marginal net benefit 
 

Table 7. Marginal analysis for site 2 (EC 7.51 dSm
-1

). 

 

Treatment TVC MC Net benefit MNB MRR 

T1 (Un-inoculated) 48778 -------- 87152 -------- ------- 

T2 (KS 44) 49578 800 164176 77024 9628 

T3 (KS 7) 49578 800 163821 76669 9583 

T4 (KS 41) 49578 800 144349 57197 7149 

T5 (KS 42) 49578 800 127488 40336 5042 

T6 ( KS mix) 49578 800 118713 31561 3945 

TCV = Total cost that vary      MC = Marginal cost       MNB = Marginal net benefit 

 
Table 8.  Analysis using residual for site 1 (EC 9.43 dSm

-1
). 

 

Treatments TCV 

(Rs/ha) 

Net benefit  

(Rs/ha) 

Returned required by 

farmer (100%*1) (Rs/ha) 

Residual 

(Rs/ha) [(2)-(3)] 

T1 (control) 48778 33447 48778 15331 

T2 (KS 44) 49578 166768 49578 117190 

T3 (KS 7) 49578 164856 49578 115278 

T4 (KS 41) 49578 78294 49578 28716 

T5 (KS 42) 49578 115932 49578 66254 

T6 (KS mix) 49578         127704 49578 78126 

Note: KS and Numbers are code given to each strain. 
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Residual analysis was done to verify the results of table 6 and Table 7 of 
marginal analyses. The results of residual (Table 8 and 9) indicated the 
highest residual value for T2 followed by T3 at both sites (site 1 and site 2). 
These finding were similar to marginal analyses where T2 followed by T3 were 
recommended due to highest MRR. 
 
 

Table 9.  Analysis using residual for site 2 (EC 7.51 dSm
-1

). 

 

Treatments TCV 

(Rs/ha) 

Net benefit  

(Rs/ha) 

Returned required by 

Farmer (100%*1) (Rs/ha) 

Residual 

(Rs/ha) [(2)-(3)] 

T1 (control) 48778 87152 48778 38374 

T2 (KS 44) 49578 164176 49578 114598 

T3 (KS 7) 49578 163821 49578 114243 

T4 (KS 41) 49578 144349 49578 94771 

T5 (KS 42) 49578 127488 49578 77910 

T6 (KS mix) 49578         118713 49578 69135 

 
On both experimental sites six treatments were tested at two different salinity 
levels (9.43 and 7.51dS/m). The treatments T2 and T3 gave maximum net 
benefit, cost benefit ratio, MRR and residual value among all treatments on 
both sites. Generally farmers are interested in that intervention which gave 
highest residual value. These treatments were inoculated with PGPR strains 
KS 44 and KS 07. The bacteria having ACC deaminase enzyme attack on 
ACC and break into ammonia and (α- ketobutyrate and thus lower ethylene 
level and improve plant growth (13). 
 
Table 10.  Bio-chemical characterization (quantification) of PGPR strains. 

 

S. No. Isolate IAA (mg/L) PSB (SI) ACC deaminase µmol Kg/hr
-1

 

1 KS 44** 25.54 2.28 450 ± 12 

2 KS 7** 23.44 2.70 430 ± 10 

3 KS 41 17.04 3.35                    400 ± 8 

4 KS 42 19.2 2.20 410 ± 11 

Each entries is average of three replications, IAA = indole acetic acid, SI = solubilization 
Index, PSB = phosphate solubilizing bacteria, ACC = I-aminocycloprane-1-carboxylic acid 
 
The high MRR is due to the sizable difference in marginal revenues of 1665, 
9628, attained from T2 from both sites respectively visa a versa control but 
there was meager difference found in marginal cost (Rs 800) among 
treatments. The similar trend in economic analysis results of inoculated vs 
un-inoculated have been reported by Khan, 2004; Srinivas and Shaik, 2002; 
Shahi, 2002; Naeem et al., 2006.  This is due to improved crop productivity 
and enhanced nutrients availability by suppression of ethylene level through 
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inoculation of PGPR having ACC deaminase enzyme. A pot experiment 
confirmed that wheat grown at four salinity levels 1.46, 5, 10 and 15 dS/m 
showed significant increase in plant growth at 10 and 15 dS/m over un-
inoculated with PGPR strains W 17 and W 2 having ACC deaminase activity 
as reported by Nadeem et al., (2010). On the basis of all economic analyses 
of research work data (2012-2013), the use of biofertilizer having PGPR 
isolates (KS 44 and KS 7) can be recommended to farmers to get maximum 
return by growing sunflower (edible oil crop) on saline-sodic soils. 
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