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Abstract: The using of traditional medicine in the world is well recognized to treat different health problems, which is 
evidenced by the variety of natural and plant products available on the market and the presence of markets specialized in 

trading medicinal plants. The aim of this study was to interview a group of people living with HIV on using of medicinal 
plants. Participants (n = 86) were grouped into those who frequently use medicinal plants (n = 51) and those who do not use 
any type of complementary medicine (n = 35). We found that all study participants had used complementary therapies to 
treat diseases before being diagnosed reactive to HIV, and a high proportion of these participants turn constantly to the using 
of medicinal plants to supplement their anti retroviral treatment in order to maintain and improve their health and quality of 
life. 
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INTRODUCTION 

 

nfection with Human Immunodeficiency Virus 

(HIV) remains a public health problem, 

particularly for population groups that have been 

strategically identified as groups with high-risk 

practices among them: men who have sex with men 

(MSM), transgender people (Trans), sex workers and 

injecting drug users (UNAIDS,2016; AIDS.gov, 

2016).  

When people living with HIV receive anti-retroviral 

treatment, infection is not a problem that triggers 

death in short time; that is, the life expectancy of 

people living with HIV on anti-retroviral treatment 

increases. However access to treatment is limited for 

various reasons such as: economic resources, 

treatment distribution strategies, diagnosis strategies, 

strategies incorporating those affected to health 

services, retention strategies for affected people in 

health services, adherence-to-treatment strategies 

among many other causes. For these reasons and 

others, people living with HIV whether or not they 

are on antiretroviral treatment, often used 

complementary remedies to maintain and improve 

their health and quality of life (Cho et al., 2006). 

The using of traditional medicine in the world is well 

recognized to treat various health problems, which is 

evidenced by the variety of natural and plant 

products available on the market and the presence of 

markets specialized in trading medicinal plants. The 

aim of this study was to interview a group of people 

living with HIV on using medicinal plants. 

 

MATERIAL AND METHOD 

 

This work took place in Mexico City, according to 

the Helsinki declaration. A sample (n=86) of people 

living with HIV were invited to participate in this 
study. All people reported being in anti-retroviral 

treatment. Those who agreed to participate in this 

work said they understood the purpose of the study 

and signed the informed-consent, later a semi-

structured interview was performed, in which 

knowledge addressed was: a) Sexual and 

reproductive health, b) Sexually transmitted 

infections, c) HIV and AIDS, d) Anti-retroviral 

therapy, and e) Using of alternative treatments. 

People were grouped into those who frequently use 

medicinal plants (n=51) and a group of people who 
do not use any type of complementary medicine 

(n=35). 

The systematization of qualitative information was 

based on the frequencies of the responses provided 

by the people. Statistical analysis was performed 

using the X2 test and Binomial test to assess whether 

the frequencies of the people in both study groups 

were produced with the same odds; Median test was 

performed to assess whether the medians of the 

variables of both groups were equal, and the Mann -

Whitney U test to assess whether the distribution of 

the variables is the same between the two study 

groups. All tests with a significance level of p < 0.05 

A series of quantitative variables obtained from 

laboratory tests are also reported. ANOVA test was 

conducted to assess whether the means of the 

variables were different, with a significance level of 

p < 0.05 
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RESULT AND DISCUSSION 

 

All study people reported having used 

complementary therapies to treat their ailments at 

some point in their lives, including plant remedies, 

homeopathy, microdosis and bach flowers. They also 

reported the combination of different treatments. 

Focusing on the using of medicinal plants highlights 

its popularity to complement the anti-retroviral 

treatment and treatment of other health problems 

such as anxiety, depression, discomfort and general 

pain. The selection of medicinal plants is based on 

recommendations from close relatives such as 

parents or grandparents, followed by 

recommendations from friends and peers (people 

who are also living with HIV) and finally by 

recommendations from sellers of medicinal plants. 

The main plants that reported the people of this work 

according to Table 1 were:  

 

Plants with immunomodulatory properties 

a) Echinacea (Echinacea angustifolia). It is 

noteworthy that although people from this study have 

reported the using of this plant, the available 

scientific literature is controversial as to whether or 

not there is evidence of drug interactions (Moltó et 

al., 2012; Moltó et al., 2010).  

b) Ginseng (Panax ginseng). Other studies support 

its using by people living with HIV (Takeda & 

Okumura, 2015; Chung et al., 2014; Sung et al., 

2009; Sung et al., 2005). 

c) Neem (Azadirachta indica). Other studies support 

its using by people living with HIV (Pedroza-

Escobar et al., 2016; Pathak et al., 2013). 

 

Plants with anti -inflammatory properties 

d) Arnica (Arnica montana). People in this study 

only reported the using of homeopathic preparations 

of this plant.  

e) Horse-chestnut (Aesculus hippocastanum). 

f) Calendula (Calendula officinalis). 

 

Plants with calming properties 

g)  Flor de azahar (Citrus  sinensis). 

h) Valeriana (Valeriana officinalis).  

i) Chamomilla (Matricaria recutita). 

People interviewed said avoiding products derived 

from grapefruit or St. John's wort, as they have been 

informed by peers and doctors of drug interactions 

between grapefruit and St. John's Wort with anti retro 

viral drugs. 

Finally of the people interviewed, a group of 

participants (n=35) reported not currently using any 

medicinal plant given the uncertainty of possible 

interactions with conventional anti-retroviral 

treatment. 

The main characteristics and laboratory variables of 

the people were compared as shown in Table 2, 

differences among people who reported frequent 

using of medicinal plants and who reported refrain 

from using of medicinal plants were analyzed, no 

significant differences between the variables 

analyzed were found; however, it is important to note 

that a significant p value for CD4 T cells when 

comparing groups was found. As we found greater 

variability in CD4 T cells counts of people who 

frequently use medicinal plants compared to who do 

not use as shown in Table 2 and Figure 1 (p=0.028) 

and based on the answers provided in the interview, 

we believe that people who have low and high CD4 

T cells accounts are those more likely to resort to the 

using of medicinal plants in order to increase their 

concentrations of CD4 T cells or avoid to down 

according to what they themselves referred to the 

interview. 

 

CONCLUSION  

 

We found that all people in this study had used 

complementary therapies to treat diseases before 

diagnosis of being reactive to HIV, and a high 

proportion of these reports turn constantly to the 

using of medicinal plants to supplement their anti-

retroviral treatment in order to maintain and improve 

their health and quality of life. They also reported 

frequent use of medicinal plants to treat any health 

problems. It is noteworthy that within the limitations 

of this study is its design, which was retrospective 

cross-sectional and that the using, frequency and 

dosage of medicinal plants reported by participants 

was self-reported, so the results of this work should 

be interpreted with caution as there are well-

documented reports of interactions between products 

of plants and anti-retroviral drugs. However it is 

noteworthy that the main products avoided by those 

interviewed are those derived from grapefruit and St. 

John's wort, which allows us to conclude that the 

development of further research on potential 

interactions between plant products and anti-retro 

viral medicines is necessary. 
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Table 1. Principal findings of the interview between study groups. 

Question 

Answer(s) 

Frequency (Percentage) 

Have you ever used complementary medicine? (n=86) 

Yes 

No 

 

86(100) 

0(0) 

What kind of complementary medicine have you ever used? (n=86) -Multiple 

answers are possible- 

Medicinal plants 

Homeopathy 

Microdosis 

Bach flower 

Other 

Combinations 

 

 

86(100) 

19(22) 

5(6) 

5(6) 

13(15) 

17(19) 

Are you currently using medicinal plants? (n=86) 

Yes 

No 

 

51(59) 

35(41) 

Why? (n=51) -Multiple answers are possible- 

Keep and improve my health 

Anxiety 

Depression 

General pain 

 

42(82) 

36(71) 

28(55) 

15(29) 

Who recommended it to you? (n=51) 

Family 

Friends and peers 

Sealer 

 

25(49) 

20(39) 

6(12) 

What plants have you used lately?  (n=51) –Common names are not mentioned since the interview was 

realized in Spanish. 

Echinacea angustifolia, Panax ginseng, Azadirachta indica, Arnica montana, Aesculus hippocastanum, 

Calendula officinalis, Citrus  sinensis, Valeriana officinalis, Matricaria recutita. 

 

Table 2. Statistics of study groups. 

Variable Group of people using 

medicinal plants (n=51) Mean 

+ SEM (Median) 

Group of people not using medicinal plants 

(n=35)        Mean + SEM (Median) 

P value 

Men (n=…) 

Women  (n=…) 

Trans  (n=…) 

44 

0 

7 

31 

1 

3 

 

0.084
a
, 

0.106
b
 

Age 39.62+1.35(40) 39.31+1.94(38) 0.085
c
, 

0.857
d
, 

0.795
e
 

CD 4 T cell 517.88+47.62(576) 423+14.75(434) 0.111
c
, 

0.103
d
, 

0.028
e*

 

Viral load 40789.29+21721.85(0) 8888.74+3751.50(0) 0.231
c
, 

0.727
d
, 

0.783
e
 

Leucocytes 6.54+0.24(6.27) 6.28+0.25(5.98) 0.478
c
, 

0.501
d
, 

0.661
e
 

Glucose 97.47+3.06(94) 95.77+2.08(96) 0.678
c
, 

0.816
d
, 1.00

e
 

Cholesterol 188.84+6.62(179) 176.09+6.18(174) 0.183
c
, 

0.268
d
, 

0.661
e
 

Difference comparing each variable between both groups a) X
2
 Test, b) Binomial Test, c) ANOVA Test, d) 

Mann-Withney U Test, e) Median Test.  * significative p value <0.05 
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Fig. 1. Box plot of CD 4 T cells between study groups 
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Abstract: Sorghum (Sorghum bicolor L.) is one of the main staples for the world's poorest and most food-secure people 

commonly known as jowar in the Indian sub-continent, it grows well in both summer and winter, and is thus both a rabi and 

kharif crop. In this experiment, 21 entries including two checks were evaluated for pest resistance at three different 

centre/locations of Gujarat viz., Dediapada, Deesa and Surat. In pooled analysis, shoot fly dead heart per cent at 14 DAE 

over three location, resistant check IS 18551 (5.56%) was recorded significantly lowest damaged. The shoot fly dead heart 

per cent at 28 DAE was found significantly lower in resistant check is 18551 (14.75) whereas, for stem borer damaged per 

cent at 45 DAE over three location, significantly lowest damaged was found in resistant check. Considering performance at 

locations, the entry SR 2879 gave significantly lowest damaged by stem borer.  

 

Keywords: Deadheart, Screening, Shoot fly, Sorghum, Sorghum bicolor, Stem borer 

 

INTRODUCTION 

 

orghum bicolor (L.) Moench, the grain sorghum, 

ranks fifth in acreage and production among the 

world's major cereal crops, following wheat, rice, 

corn, and barley (Young and Teetes, 1977). It is 

grown worldwide and is one of the major cereal 

crops in India, with an area of 16 million ha and a 

total production of 11 million tonnes (Gahukar and 

Jotwani, 1980). Sorghum is one of the main staples 

for the world's poorest and most food-insecure 

people. Sorghum is the third largest crop to be grown 

in India after wheat and rice. More commonly known 

as jowar in the Indian sub-continent, it grows well in 

both summer and winter, and is thus both a rabi and 

kharif crop. 75% of the cultivated area is devoted to 

the production of sorghum. Maharashtra, Karnataka, 

Andhra Pradesh and Madhya Pradesh are some of the 

regions where sorghum is grown on a massive scale. 

The crop is genetically suited to hot and dry 

agroecologies where it is difficult to grow other food 

grains. These are also areas subject to frequent 

drought.  

Grain yields on farmers’ fields in Asia and Africa are 

generally low (500−800 kg ha-1) mainly due to 

insect pest damage. Nearly 150 insect species have 

been reported as pests on sorghum (Sharma, 1993) of 

which, sorghum shoot fly (Atherigona soccata) and 

stem borers (Chilo partellus, Busseola fusca, Eldana 

saccharina and Diatraea spp.) and others are the 

major pests worldwide. Other insects reported to be 

damaging sorghum are of regional/local importance. 

Annual losses due to insect pests differ in magnitude 

on a regional basis. They have been estimated to be 

$1,089 million in the semi-arid tropics (SAT), $250 

million in United States, and $80 million in Australia 

(ICRISAT 1992). In India, nearly 32% of sorghum 

crop is lost due to insect pests (Borad and Mittal 

1983). Shoot fly (Atherigona soccata Rondani) is an 

important pest of sorghum in Asia, Mediterranean 

Europe, and Africa, but is absent in the Americas and 

Australia. It attacks the sorghum from 1 to 4 weeks 

after seedling emergence. White, elongated, cigar-

shaped eggs are laid singly on the under surface of 

the leaves parallel to the midrib. The larva after 

hatching crawls along the leaf sheath and moves 

upward to reach the plant whorl. From there it moves 

downwards between the fifth and sixth leaf till it 

reaches the growing point, and cuts around it, 

causing drying of the central leaf and the typical 

"deadheart" symptom. The shoot fly completes its 

life cycle (from egg to adult) within 17 to 21 days 

(Kundu and Kishore, 1970). The fly population 

varies across seasons and years, depending upon 

environmental factors and cropping systems. The 

first report on sorghum varieties resistant to shoot fly 

was given by Ponnaiya (1951 a), who screened 212 

genotypes and found 15 less damaged. Jowar stem 

borer, also known as the spotted stem borer. It is a 

major pest of sorghum in India, Pakistan, and East 

Africa, and also occurs in other areas, including 

Malawi, Botswana and South Africa, and southeast 

Asia. Young larvae generally feed initially in leaf 

whorls of growing plants, producing characteristic 

repetitive patterns of small holes and "window-

paning" where they have eaten through or partly 

through the rolled leaves. Later they tunnel into the 

stems and may kill the central leaves and growing 

point, producing "deadhearts," a symptom that may 

also result from attack by the sorghum shoot fly, 

S 
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Atherigona soccata Rondani. Deadheart formation is 

the most important criterion for differentiating 

degrees of resistance, and is directly related to loss in 

grain yield. Considering the economic losses in this 

present investigation attempts were therefore made to 

ascertain the spectrum of above pests in sorghum 

crop.

 

MATERIAL AND METHOD 

 

Experimental details 

1 State Trial No. LSVT  

2 Name of Trial  Screening for shoot fly and stem borer tolerance entry in 

Large scale varietal trial of grain sorghum 

 Objective To find out the promising resistant source for shoot fly 

and stems borer 

3 Location Surat-II, Deesa-V and Dediapada-II 

4 Year of commencement Kharif  2014 

5 Technical information 

a Treatment 21 

b Design RBD 

c Replication (3) Three 

d Plot size in m 2.00 x 0.90 

e Spacing cm 45 x 15 

f Fertilizer NPK kg/ha 80:40:00 

g  Date of sowing 16/07/2014 

h Previous crop Sun hemp 

 

The observation will be recorded as per the standard 

methodology for all shoot fly and stem borer. The 

observations on shoot fly dead heart incidence were 

recorded at 14 and 28 days after germination. Stem 

borer dead heart infestations was recorded at 45 days 

after germination. The shoot fly and stem borer dead 

heart per cent will be calculate by counting total 

plant and dead heart plant in test entries as per the 

standard methodology given by Indian Institute of 

Millet Research (IIMR), Hyderabad.  

 

RESULT AND DISCUSSION 

 

In large scale varietal trial (LSVT), 21 entries 

including two checks were evaluated for pest 

resistance at three different centre/locations of 

Gujarat viz., Dediapada, Deesa and Surat. In pooled 

analysis of shoot fly dead heart per cent at 14 DAE 

over three location, resistant check IS 18551 (5.56%) 

was recorded significantly lowest damaged and at par 

with SR 2879 (6.98%), SR 2917 (8.86%) and SR 

2823 (9.45%) (Table: 1). The shoot fly dead heart per 

cent at 28 DAE was found significantly lower in 

resistant check IS 18551 (14.75) and it was at par 

with genotype SR 2879 (17.74%) (Table: 2). For 

stem borer, damaged per cent at 45 DAE over three 

location, significantly lowest damaged was found in 

resistant check but it was at par with genotype SR 

2879 (12.92%). Considering performance at 

locations, the entry SR 2879 gave significantly 

lowest damaged by stem borer and comparable with 

resistant check IS 18551 (Table: 3). 

Overall losses may be of the order of 5 to 10% in 

many sorghum growing areas, especially where early 

attack causes loss of stand and avoidable grain losses 

on the hybrid sorghum CSH 1 and on the variety 

Swarna have been estimated in India to be about 55 

to 83% (Jotwani et al., 1971 and Jotwani 1972). 

Kumar and Asino, 1994 who studied the difference 

between susceptible and resistant genotypes in terms 

of stem damage and found that susceptible genotypes 

were distinctly more damaged than the resistant ones 

in Maize crop. 22 genotypes were tested for 

resistance to the damage caused by the sorghum stem 

borer Chilo partellus (Swinhoe) under infested field 

condition and found that genotype SSV-7073 was the 

most resistant against stem borer in the Dharwad 

region of Northern Karnataka (Marulasiddesha et al., 
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2007). Saxena (1990) reported the genotype IS-

18363 to be highly susceptible, IS-18463 and IS-

2146 to be moderately susceptible, IS-4660 and IS-

2205 to be moderately resistant, and IS-1044 to be 

highly resistant. 

 

Table 1. Statement showing the shoot fly incidence at 14 DAE in lines of sorghum 

Sr. No. Entry Dediapada Deesa Surat Pooled 

SFDH (%) SFDH (%) SFDH (%) SFDH (%) 

1 SR 1904 15.89 (8.19) 33.15(30.00) 20.15 (12.16) 23.06 (16.78) 

2 SR 2706 16.82 (8.77) 31.22(27.21) 21.87 (14.14) 23.30 (16.71) 

3 SR 2805 10.93 (3.84) 26.92(21.58) 17.24 (8.94) 18.36 (11.45) 

4 SR 2812 19.55 11.55) 29.19(24.03) 23.63 (16.37) 24.14 (17.32) 

5 SR 2819 12.71 (5.59) 25.39(18.57) 17.98 (9.83) 18.70 (11.33) 

6 SR 2823 11.32 (3.95) 23.07(16.41) 15.74 (7.99) 16.31 (9.45) 

7 SR  2847 21.56 14.11) 37.35(37.10) 26.03 (19.57) 28.31 (23.59) 

8 SR 2859 15.26 (7.28) 31.07(27.56) 20.92 (12.90) 22.42 (15.91) 

9 SR 2860 13.72 (5.96) 23.91(16.76) 18.45 (10.51) 18.69 (11.08) 

10 SR 2872 14.99 (7.22) 32.15(28.89) 21.51 (13.53) 22.88 (16.55) 

11 SR 2873 19.19 11.42) 30.15(26.84) 20.21 (13.29) 23.18 (17.18) 

12 SR 2879 7.20 (2.34) 18.47(10.42) 16.40 (8.18) 14.03 (6.98) 

13 SR 2897 13.99 (6.30) 23.64(16.46) 16.41 (8.21) 18.01 (10.32) 

14 SR 2914 16.72 (8.58) 26.54(20.39) 20.84 (12.73) 21.37 (13.90) 

15 SR  2917 5.49 (2.50) 23.45(16.60) 15.42 (7.48) 14.79 (8.86) 

16 SPV 1700 14.22 (6.23) 27.29(21.79) 19.04 (10.70) 20.18 (12.91) 

17 GJ 38 16.87 (8.57) 21.33(13.68) 17.32 (9.09) 18.51 (10.44) 

18 GJ 42 21.45 14.38) 31.00(27.94) 24.96 (18.37) 25.81 (20.23) 

19 CSV -15 16.83 (9.39) 32.55(29.56) 17.88 (9.49) 22.42 (16.15) 

20 IS 18551 (RC) 9.86 (3.03) 17.85 (9.97) 10.92 (3.68) 12.88 (5.56) 

21 Swarna (RC) 23.26(16.08) 35.38(33.64) 22.43 (15.63) 27.02 (21.78) 

 S.Em. 2.80 4.11 2.58 1.74 

 C.D.@5% 8.01 NS 7.37 4.82 

                               Y x T 

 S.Em. - - - 3.23 

 C.D.@5% - - - NS 

 C.V.% 32.09 25.72 23.12 27.06 

* Figure in parenthesis is original values while those outside are arc sign transformed value. 

 

Table 2. Statement showing the shoot fly incidence at 28 DAE in lines of sorghum 

Sr. No. Entry Dediapada Deesa Surat Pooled 

SFDH (%) SFDH (%) SFDH (%) SFDH (%) 

1 SR 1904 24.81(35.09) 51.10(60.56) 36.28 (17.88) 37.40 (37.84) 
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2 SR 2706 25.25(39.18) 45.92(51.62) 38.69 (18.37) 36.62 (36.39) 

3 SR 2805 21.20(33.18) 44.60(49.01) 35.13 (13.15) 33.65 (31.78) 

4 SR 2812 27.42(40.85) 40.42(42.11) 39.68 (21.39) 35.84 (34.78) 

5 SR 2819 22.81(32.95) 40.42(42.12) 35.00 (15.27) 32.75 (30.12) 

6 SR 2823 21.45(34.05) 41.64(44.26) 35.61 (13.40) 32.90 (30.57) 

7 SR  2847 29.15(45.58) 52.88(63.12) 42.43 (24.02) 41.48 (44.24) 

8 SR 2859 24.20(39.05) 47.46(53.67) 38.65 (16.96) 36.77 (36.56) 

9 SR 2860 22.77(39.09) 39.90(41.20) 38.65 (15.07) 33.77 (31.79) 

10 SR 2872 23.17(40.42) 48.42(55.74) 39.45 (15.74) 37.01 (37.30) 

11 SR 2873 26.48(37.22) 46.48(52.28) 37.42 (20.13) 36.79 (36.54) 

12 SR 2879 20.10(16.83) 29.63(24.53) 24.17 (11.87) 24.63 (17.74) 

13 SR 2897 23.08(31.84) 39.40(40.38) 34.33 (15.55) 32.27 (29.26) 

14 SR 2914 24.86(35.62) 37.97(38.10) 36.63 (17.83) 33.15 (30.51) 

15 SR  2917 20.37(32.04) 41.57(44.22) 34.40 (12.34) 32.11 (29.53) 

16 SPV 1700 23.11(33.83) 41.63(44.64) 35.55 (15.52) 33.43 (31.33) 

17 GJ 38 24.95(32.53) 33.62(30.81) 34.76 (17.87) 31.11 (27.07) 

18 GJ 42 29.08(41.83) 41.81(45.00) 40.25 (24.06) 37.05 (36.97) 

19 CSV -15 24.78(33.49) 47.16(53.70) 35.33 (17.96) 35.76 (35.05) 

20 IS 18551 (RC) 20.28 (7.39) 29.67(24.79) 15.91 (12.06) 21.89 (14.75) 

21 Swarna (RC) 29.47(40.57) 46.93(53.38) 39.46 (24.48) 38.62 (39.48) 

S.Em.  1.92 4.49 1.99 1.80 

C.D.@5%  5.49 12.84 5.67 4.99 

Y X T 

S.Em.  - - - 3.05 

C.D.@5%  - - - NS 

C.V.%  13.74 18.39 9.66 15.49 

* Figure in parenthesis is original values while those outside are arc sign transformed value. 

 

Table 3. Statement showing the stem borer incidence at 45 DAE in lines of sorghum 

Sr. No. Entry Dediapada Deesa Surat Pooled 

SBDH (%) SBDH (%) SBDH (%) SBDH (%) 

1 SR 1904 22.90(30.50) 44.03(48.33) 33.47 (15.46) 33.47 (31.43) 

2 SR 2706 23.40(34.17) 40.23(41.85) 35.70 (15.97) 33.11 (30.66) 

3 SR 2805 19.13(28.33) 37.76(38.04) 32.12 (10.82) 29.67 (25.73) 

4 SR 2812 25.64(35.95) 36.12(34.88) 36.78 (18.93) 32.85 (29.92) 

5 SR 2819 20.75(28.33) 34.82(32.70) 32.12 (12.85) 29.23 (24.63) 

6 SR 2823 19.36(28.84) 34.92(33.12) 32.37 (11.04) 28.88 (24.33) 

7 SR  2847 27.41(40.38) 46.53(52.71) 39.39 (21.54) 37.78 (38.21) 
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8 SR 2859 22.27(33.82) 40.97(43.22) 35.54 (14.54) 32.92 (30.53) 

9 SR 2860 20.86(33.38) 34.04(31.42) 35.22 (12.79) 30.04 (25.86) 

10 SR 2872 21.40(35.04) 42.07(45.00) 36.27 (13.61) 33.25 (31.22) 

11 SR 2873 24.84(32.43) 40.27(42.11) 34.46 (17.95) 33.19 (30.83) 

12 SR 2879 17.86(11.46) 24.92(17.82) 19.66 (9.49) 20.81 (12.92) 

13 SR 2897 21.15(27.12) 33.62(30.81) 31.36 (13.24) 28.71 (23.72) 

14 SR 2914 23.06(31.04) 33.64(31.02) 33.84 (15.52) 30.18 (25.86) 

15 SR  2917 18.05(27.13) 34.94(33.17) 31.29 (9.88) 28.10 (23.39) 

16 SPV 1700 21.20(29.20) 36.15(35.50) 32.69 (13.19) 30.01 (25.97) 

17 GJ 38 23.15(27.84) 29.16(23.96) 31.83 (15.55) 28.05 (22.45) 

18 GJ 42 27.36(37.14) 37.61(38.17) 37.47 (21.64) 34.15 (32.32) 

19 CSV -15 23.06(28.69) 41.51(44.05) 32.36 (15.82) 32.31 (29.52) 

20 IS 18551 (RC) 18.21(7.39) 23.46(15.90) 15.27 (9.80) 18.98 (11.03) 

21 Swarna (RC) 28.01(35.58) 36.12(35.27) 36.45 (22.38) 33.53 (31.08) 

 S.Em. 2.02 4.06 2.08 1.68 

 C.D.@5% 5.78 11.61 5.94 4.65 

                              Y X T 

 S.Em. - - - 2.88 

 C.D.@5% - - - NS 

 C.V.% 15.68 19.37 11.03 16.40 

* Figure in parenthesis is original values while those outside are arc sign transformed value. 
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Abstract: An attempt was made to update on review available literature on fruit nectar prepared by cooled method is well 

organoleptic acceptability. With more grid cell due to sedimentation occurs during storage and nectar can be prepared with 

the combination of 20 per cent fruit pulp and 15 0Brix TSS and 0.3 per cent acidity is best for nectar preparation and its 

storage. This combination may be varies according to fruits and their blending, where as the above combination showed less 

physico-chemical changes and also showed higher organoleptic score. Fruit nectar can be stored better at ambient 

temperature more than six months. 

 

Keywords: Fruit nectar, Farmers, Production, Harvest 

 

INTRODUCTION 

 

he increase of fruit nectar has been popularized 

significantly in recent years. India is the second 

largest country for fruit production in the world after 

china but the farmers are facing the big challenge to 

get appropriate value for their produce (Mittal, 

2007). Most of fruit crops are seasonal there for time 

of harvesting of each commodity is constant so, that 

commodities come in the market at particular time 

that causes market glut. To reduce the market glut 

and perishable in nature of fruits, it must be marketed 

immediately after harvesting without primary 

processing (Choudhury, 2006). An additional 

constraint to improving market glut in most 

developing countries including India, the number of 

scientists concerned with post-harvest food losses is 

significantly lower than those involved in production 

research and also suggested to farmer to cultivate 

early as well as late season varieties and crop 

regulation. Losses during post harvest operations due 

to improper storage and handling are enormous and 

can range from 5 -35 percent. Post harvest losses can 

occur in the field, in packing areas, in storage, during 

transportation and in the wholesale and retail market. 

Severe losses occur because of poor facilities, lack of 

know-how, poor management, market dysfunction or 

simply the carelessness of farmers. These losses are 

varies in crops to crops like mango (30%), banana 

(30%), sapota (22%), papaya (40-90%), ber (16%) 

and guava (22%), etc. (Bons and Dhawan, 2006). In 

India, post harvest losses effected the farmers 

produce and simultaneously market fluctuation is 

occur to reduce post harvest losses improved post 

harvest handling practices and vernalization or value 

addition is necessary. This will helps to increase 

availability of commodities over an extended period 

and to stabilize the price during the glut season. 

In India around 2 per cent of horticulture production 

has been processed in to different processed product 

and it is very less as compare to advance countries 

such as Malaysia (80%), Philippine (78%), Brazil 

(70%) and Thailand (30%), respectively (Pandit 

et.al., 2014). Therefore, the status of processing 

industries insures the great opportunity in processing 

sector in India. Now a day ready to serve (RTS) 

beverages globalized as an instant source of energy 

drink and its market value is increase day by day, 

now a day in market nectar is available in various 

flavour in 200 ml, 500 ml, 1lit and 2 lit of packaging, 

the value‟s of 200 ml pack varies for 10 to 15 rupees 

which has cost benefit ratio 1:9. As a popular 

offering in health food stores and curative measure 

against numbers of diseases like diabetes, and 

oxidative stress etc. In supermarkets for a number of 

years, fruit nectar has gained a reputation of being 

healthier than many of the processed juices found in 

mainstream supermarkets as it is essential to 

prepared the fruit nectar looking to benefits of nectar 

in terms of health benefit and market value. 

Processing of nectar is very easy and fruit products 

order (FPO) or Food Safety and Standards Authority 

of India (FSSAI) stander for nectar is 20 per cent of 

fruit juice and 15 per cent sugar and 0.3 per cent 

acidity (Ahmad, 2012).  

 

Method for preparation for fruit nectar  

Sound, healthy matured and ripe firm fruits were 

selected and then washed thoroughly under potable 

water and fruit peel was removed if necessary and 

then pulp was extracted by using laboratory pulper 

machine, pulp was strained through stainless steel 

sieve or muslin cloth to get clear juice. The total 

soluble solids (TSS) and acidity of strained juice was 

determined by using standard procedure as per 

Raganna, 1982 and to adjust the TSS and acidity of 

fruit nectar as per FPO specification, the additional 

required amount of sugar and acid was added. The 

prepared fruit nectar was pasteurized at 85
0
C for 15 

minutes and class  II type preservative such as 

T 
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potassium metabisulphite @ 350 to 600 ppm was 

incorporated in final product and filled into the clean 

and sterilized either plain bottle or pouch. Then, the 

bottle was sealed with crown cork immediately. The 

filled bottle was exhausted in boiling water for 15 

minutes and cooled then stored in room temperature 

(Ahmad 2012). 

 

Methods of pulp extraction and preparation of 

fruit nectar 

Pulp extraction is an important unit operation to get 

better quality and recovery of final product. For 

extracting pulp from different fruits, two methods are 

generally used i.e. cold as well as hot method. But, in 

case of preparation of guava fruit nectar, Cold 

method is more acceptable than hot method because 

during pulp extraction, there is less browning and off 

flavour Murari and Varma (1989). Guava pulp is 

extracted by using hot, cold and enzymatic methods 

and stored at different temperature such as low 

temperature (2 to 5
0 

C) and freezing temperature for 

three months of storage then nectar was prepared 

reported that cold method of pulp extraction and 

store at freezing temperature has highest sensory 

scored Harsimart et al. (2009). Grittiness can be 

easily removed when guava nectar is heated and 

filtered through four fold muslin cloth before 

packaging because the grits of nectar swelled during 

heating and then easily be removed by simple 

filtration Khurdiya and Sagar (1991). Kinnow 

mandarin juice extracted by hydraulic pressing (HP) 

and crushing with peel (CP) and resulted that (HP) 

was non-bitter but poor in other quality attributes 

vice versa the juice extracted by crushing with peel 

(CP) was an excellent quality attributes except 

intense bitterness Khurdiaya and Lotha (1994).  

Adina et al. (2006) conducted experiment on effect 

of stabilizers on the quality of mango nectar they 

used different stabilizer and resulted that 

Carboxymethyl cellulose treated nectar showed the 

minimum changes but sodium alginate treated nectar 

has minimum organoleptic score. Murthy et al. 

(1984) prepared nectar with the composition of 20 

per cent pulp, 18 
0
Brix TSS and 0.3 per cent acidity 

from different cultivar baneshan, navaneetam, 

goabunder,K.O-7 and sharbatgadi and store for one 

year at ambient temperature (16 to 40
0 

C) they 

reported that all the cultivar are good for nectar 

preparation as well as for storage. Ahmed (1996) 

evaluated four varieties of Banana, viz. Singapuri, 

Kathali, Chapa and Martaman for RTS beverage and 

reported that Singapuri variety gave maximum juice 

yield (63%) compared to other three. Ahmad et al. 

(2009) evaluated the enzymic extraction process for 

higher yield and reported that maximum juice yield 

(85.1%) and clarity (93.5%) were obtained using 

0.245 per cent pectinase, 0.135 per cent cellulose and 

0.13 per cent hemicellulase at 50
0
C after 9.25 hours 

of incubation. Alex et al. (2004) conducted an 

experiment for extraction juice from litchi fruit cv. 

Bombai to prepare nectar and nectar was preserved 

using 500 ppm of SO2 and packed in glass bottle and 

stored in room temperature and they also reported 

that preserved nectar could be consumer acceptance 

for 6 months. Parthibha and Kumar (2009) studied 

ber juice from dry fruit by using hot, cold method 

and enzymatic treatment like pectinase for juice 

extraction in different treatments and they found the 

highest juice recovery (78.8%) using enzymatic 

treatment as compare to other methods. 

  

Table 1. Effect of methods of pulp extraction for the preparation of guava nectar variety Allahabad safeda   

Observation  Extraction of pulp by hot method  Extraction of pulp by cold method  

Fresh  6 months  Fresh  6 months 

T.S.S. (
o
Brix)  16 16.50 16 16.50 

Acidity (%) 0.25 0.24 0.25 0.24 

Ascorbic(mg/100g)  33.30 16.65 53.65 22.20 

Organoleptic score (100 point 

scale) 

56 46 71 60 

 

The extraction of pulp using hot method was 

significantly affected the ascorbic acid content 

(vitamin C) which is illustrated in Table 1 and other 

heat sensitive component heating also effect the 

phenols content, tannin, etc. due to which quality of 

product is detoriated.  

 

Pulp and TSS combination during preparation of 

fruit nectar  
Choudhary et al. (2008) and Ahmad et al (2009) 

conducted research on standardize the recipe for 

guava nectar and they reported that 20 per cent pulp, 

0.3 per cent acidity and 17
o
Brix (TSS) recorded 

highest organoleptic score markedly until five 

months of storage. Tiwari and Dinesh (2001) studied 

on guava RTS beverage and reported that RTS 

containing 15 per cent pulp, 18
0
Brix and 0.3 per cent 

acidity was best. They also reported that physico-

chemical composition of pulp of guava variety „7-12 

EC 147036‟ was found to be the best. Roy et al. 

(1972) Prepared mango nectar form different 

varieties with 20 per cent pulp, 20
0
 Brix TSS and 0.3 

per cent acidity from different mango cultivar and 

they found that Dashehari was the best variety for 

nectar preparation. Kulkarni (2000) prepared mango 

squash using 20 per cent mango pulp, 45
o
Brix TSS 

and 0.8 per cent acidity and noticed that mango 

squash is organoleptically acceptable at six months 

of storage. Patil (1996) prepared mango squash by 

using 25 per cent mango pulp, 45
o
Brix TSS and 0.8 
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per cent acidity and added  KMS as preservative @ 

610 mg/kg of finished product and reported that 

mango squash is remained organoleptically 

acceptable for eight months of storage. Mehta and 

Bajaj (1983) prepared citrus juices of the three 

varieties and were preserved with pasteurization, 

potassium metabisulphite (700 ppm of sulphur 

dioxide) and sodium benzoate (0.05 per cent).  

Srinivas et al. (2007) Ganesh pomegranate with 25 

per cent juice, 50 
0
Brix TSS and 1.5 per cent acidity 

and cv. Mridula with 25 per cent juice, 45
0
Brix TSS 

and 1.5 per cent acidity was found to be the best 

recipe with overall acceptability. Saravanan et al. 

(2004) papaya nectar consisting of 23 per cent pulp, 

15 
0
Brix TSS and 0.3 per cent acidity had highest 

acceptability. Jain et al. (2007) aonla cultivar 

banarsi, chakaiya, francis etc. for nectar prepared 

with the recipes of 20 per cent pulp, 17 per cent TSS 

and 0.3per cent acidity was most ideal for nectar 

preparation. Krishnaveni et al. (2001) prepared jack 

fruit nectar with 10 per cent pulp, 18 
0
Brix TSS and 

0.25 per cent acidity (citric acid) and packed in 

colour bottle (green) and colourless bottles, and 

reported that packed in colour (green) highly 

acceptable even after storing for 6 months at room 

temperature. 

Kalra and Tandon (1984) screened out the eight 

samples of guava nectar contains 15 per cent pulp, 12 

to 14 per cent TSS and 0.20-0.35 per cent acidity. 

The nectar were fortified with 100 mg Vitamin-C 

and stored for 10 month in glass bottles. 

Organoleptic evaluation indicated that the sample 

having 14per cent TSS and 0.25 per cent acidity was 

found to be the best followed by 14 per cent TSS and 

0.20 per cent acidity, and 12 per cent TSS and 0.25 

per cent acidity. During storage, the TSS and 

Vitamin-C decreased while titrable acidity was 

increased by 0.02 to 0.04 per cent (Table 2).

  

Table 2. Evalution of best combination for fruit nectar processing  

References  Fruits    Best combination  

Pulp TSS Acidity 

Roy et al. (1972) Mango 20 20 0.3 

Sahni and Khurdiya (1989) Mango 20 20 0.3 

Kalra and Tandon (1984) Guava 15 14 0.20 

Tiwari and Dinesh (2001) Guava 15 18 0.3 

Choudhary et al. (2008) Guava 20 17 0.3 

Ahmad (2012) Guava 20 15 0.3 

Saravanan et al. (2004) Papaya 23 15 0.3 

Jain et al. (2007) Aonla 20 17 0.3 

Krishnaveni et al. (2001) Jackfruit 10 18 0.25 

 

Varietal evaluation for preparation of fruit nectar 

Choudhary et al. (2008) evaluated four different 

guava varieties i.e. Apple colour, Allahabad safeda, 

Lucknow 49 and R-27 for preparation nectar and 

result indicated that Lucknow-49 showed the highest 

physico-chemical composition. Then they had 

processed lucknow-49 in nectar with incorporation of 

20 per cent pulp, 17 per cent TSS and 0.3 per cent 

acidity. Result were proof that nectar processed from 

Lucknow-49 variety showed minimum chemical 

changes and high organoleptic scores during five 

months of storage period. Jain et al. (1996) prepared 

the beverages like nectar and RTS from late mature 

mango varieties and reported that amrapali and 

taimuria recorded highest organoleptic score for 

nectar and RTS drink. Sahni and Khurdiya (1989) 

prepared mango nectar by incorporation of 20 per 

cent pulp, 20 
0
Brix TSS and 0.3 per cent acidity from 

four varieties (Dashehari, Chousa, Neelum and 

Amrapali) and nectar was stored at ambient 

temperature. Overall score was highest in „Amrpali‟, 

which showed that it was highly appreciable by 

judges. Khurdiya and Roy (1988) prepared nectar 

from three hybrid varieties of mango which was 

stored at room temperature for six months. The 

prepared nectar contained with 20 per cent pulp, 20 
0
Brix TSS and 0.3 per cent acidity. Amrapali nectar 

was found the best among all in respect of colour and 

flavour. 

Desai (2006) prepared mango juice from different 

mango varieties and reported that in early varieties of 

mango i.e. Kesar and Alphonso, the processed pulp 

was superior to Dasheri while in late varieties 

Sonpari was best followed by Amrapali. Rabbani and 

Singh (1988) evaluated the seven sucking mango 

varieties (Yakuti, Gilas, Sukul, Gaurjit, Safeda 

Jauhari, Mithwa and Sinduri), nectar of composition 

20 per cent juice, 14 per cent TSS and 0.3 per cent 

acidity was found to be the ideal. Among the 

varieties studied, Safeda Jauhari was found the best 

followed by Gaurjit for beverage preparations. 

Jain et al. (2007) screened out different aonla 

cultivars such as Banarsi, Chakaiya, Fransis, 

Kanchan, Krishna, NA-10, NA-6 and NA-7 for 

nectar processing and prepared the nectar for eight 

varieties and found Chakaiya cultivar having 

maximum organoleptic score (8.2). The best one 

selected for storage study of nectar. They stored 
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nectar for five months,  found that aonla nectar 

prepared from Chakaiya variety was  to be the best 

for chemical parameters and organoleptic scores for 

four months after which a sudden increase in TSS, 

acidity, ascorbic acid and sugar with the decrease in 

ascorbic acid content and organoleptic score. 

Hamidullah et al. (2007) prepared nectar from 

different cultivars pomegranate i.e. Arakta, Kandhari, 

Ganesh and Joyti with the recipe of 20 per cent pulp, 

15 per cent TSS and 0.3 per cent acidity. They found 

that nectar prepared from Arakta cultivar had the best 

organoleptic score during storage whereas the 

minimum chemical changes were found in the nectar 

prepared from cultivar Joyti. Karuna et al. (2005) 

prepared RTS beverage from four varieties of litchi 

which was stored at room temperature for twelve 

months and their quality was evaluated at every 3 

months interval. Vitamin-C (ascorbic acid) content 

significantly decreased whereas reducing sugar was 

slightly increased in all products during the storage. 

Jain et al. (1988) evaluated the four varieties of 

litchi, The squash prepared from Calcuttia and Desi 

variety was superior in comparison to other varieties, 

sugar and browning, whereas ascorbic acid and 

tannin content showed a vice versa trend for all 

varieties. 

 

Blended fruit nectar with over view 

Kalra and Tandon (1984) prepared the guava nectar 

by incorporation of 15% pulp, 12 per cent TSS and 

0.3 per cent acidity and mango nectar with 

incorporation of 20 per cent pulp, 20 per cent TSS 

and 0.3 per cent acidity as citric acid and prepare the 

blend of guava and mango nectar  in the ratios of 1:3, 

1:1 and 3:1. They reported that nectar prepared with 

guava and mango is superior in quality then their 

blend during storage. Poonam and Tondon (2007) 

prepared blended beverage of guava-aonla and the 

pulp of guava was blended in different ratio to 

improve the flavour and acceptability of RTS. The 

beverages prepared for maintaining 12 or 14 
0
Brix 

TSS and 0.22 per cent acidity, guava: aonla (80:20) 

blended beverage (7.2) having 14 
0
Brix TSS 

followed by guava: aonla (80:20) blended beverage 

(7.1) having 12
o
brix TSS during 90 days of storage. 

Bidyut et al. (2001) prepared mixed fruit juice spiced 

RTS beverages from mango-pineapple, grape-

mango, and grape-pineapple with some spice 

extracts. And found that best among all the RTS 

beverages mango-pineapple (85:15) with cardamom 

spice drop (0.006 per cent) was best Saxena et al. 

(1996) studied on the development of grape-mango 

and grape-pineapple beverage blends. There was no 

noticeable change in the Brix of any of the samples 

during 6 months storage. Kalra et al. (1991) 

evaluated mango and papaya blended beverage and 

they revealed that the 12 months stored pulps from 

four commercial mango cultivars viz. Totapuri, 

Banganpalli, Dasheri and Chausa and papaya blends 

were used for preparation of beverages which was 

preserved for one year in glass bottles under ambient 

conditions (20-36
0 

C). Srivastava et al. (1985) 

prepared mango nectar using three different varietal 

combination such as (1) Banganpalli, Bombay green 

and Langra (2) Dashehari, Chausa and Fazli and (3) 

Kanchan, Sukul and Safeda Malihabad contained 40 

per cent pulp, 18 
0
Brix and 0.26 per cent acidity and 

concluded that combined nectar of Banganpalli, 

Bombay green and Langra had superior quality over 

others in respect to colour, flavour and consistency. 

Deka et al. (2005) prepared mango-pineapple spiced 

beverages from „Dashehari‟ mango and „Kew‟ 

pineapple. 15 per cent blended juice (85:15) were 

used for preparation of RTS beverage having 10 
0
Brix, 0.2 per cent acidity and 0.006 per cent 

cardamom spiced drops. El-Mansy et al (2005) 

studied the rheological properties of mango, papaya 

nectar and their blend, prepared the different 

proportion (90:10, 80:20, 70:30, 60:40, 30:70, 20:80, 

10:90) the rheological measurement were made by 

brook field digital viscometer model DV-II with 

18rotation speed at shear rate between (0.3 to 100 

sec
-1

) at temperature 5-100
0 

C mango-papaya nectars 

behaved as a non-Newtonion fluids (Psudoplastic 

behavior) with a yield stress while the effect of 

temperature could be described by an Arrhenius type 

equation. The nectar consist 30 per cent mango 70 

per cent papaya with 17 
o
Brix TSS having high 

sensory score and found to be best 

Kothari and Bhatnagar (2010) evaluated Aonla 

blended spiced fruit juice and its quality and they 

made aonla-pineapple and aonla-sweetlime blended 

juice with spiced mixed as 0.35 and 0.5 per cent 

respectively. Result indicated that blended juice was 

found to be nutritionally superior in term of ascorbic 

acid content than pure pineapple and sweetlime juice. 

Overall acceptability of blended juice was (8.67) 

high as compare to other. Tandon et al. (2007) 

conducted research on papaya beverages and 

reported that 10 per cent pulp, 15 Brix TSS and 

0.26% acidity resulted increased reducing sugar as 

the storage period prolonged. The increase was more 

in the samples containing higher amount of papaya. 

The organoleptic scores declined slightly during 

storage. 

Nagpal and rajyalakshmi (2009) studied quality and 

storability of RTS beverages from Beal and Citrus 

fruit blends. They prepared 12 blends subjected to 

organoleptic evolution, reported that there was 

significantly increase in TSS, pH, reducing sugar and 

total sugar and decline in ascorbic acid and total 

carotenoids. Singh et al. (2005) standardized the 

processing technology for bael/blanded bael (Agle 

marmelos) RTS beverages. The TSS and total sugar 

of RTS increased during storage up to 3 months with 

a subsequent decline thereafter and recorded the 

maximum organolaptic score (8.27) whereas, bael 

alone scored the minimum organolaptic rating (6.62). 
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Storage study of fruit nectar 

Pandey (2004) guava juice is prepared form cv. 

Sardar (L-49), the prepared RTS were kept at 

ambient temperature for storage and acceptable upto 

4 months. Kalra et al. (2001) prepared guava RTS 

beverage  containing 15per cent pulp, 15
0 

Brix TSS 

and 0.3 per cent titrable acidity and preserved in 200 

ml glass bottles under room temperature conditions 

(12-38
0
C) were best sensory qualities of the beverage 

indicate better performance. Kumar et al. (2009) 

evaluated the effect of different pulp concentrations 

and their treatment on storage of ber nectar cv. 

Kaithali with 20 and 25 per cent pulp concentration 

which further pasteurized and stored with KMS and 

sodium benzoate, result reveled that 20 per cent of 

pulp and 2000 ppm of KMS found better 

organoleptically. Adina et al. (2006) used stabilizers 

on the quality of mango nectar and reported that 

Carboxymethyl cellulose treated nectar showed the 

minimum changes in reducing sugar, titrable acidity 

and SO2. Roy et al. (1997) prepared mango nectar 

beverages from ripe “Dashehari” mangoes and were 

stored at 4+1
0
C, 28+2

0
C and 38+2

0
C for 30 days. 

Storage at 4+1
0
C was found to ensure the maximum 

retention of chemical and sensory characteristics.  

Kalra et al. (2001) prepared RTS beverage  

containing 15per cent pulp, 15
0 

Brix TSS and 0.3 per 

cent titrable acidity and preserved in 200 ml glass 

bottles under room temperature conditions (12-38
0 

C) 

were best sensory qualities of the beverage indicate 

better performance. Chakraborthy et al. (1991) 

prepared the pulp was extracted from fully ripe fruits 

canned and used for preparing canned mango nectar 

(significantly superior at < 0.01). Khurdiya and Roy 

(1988) prepared nectar from three hybrid varieties of 

mango which was stored at room temperature for six 

months. The prepared nectar with incorporation of 20 

per cent pulp, 20 
0
Brix TSS and 0.3 per cent acidity 

they reported that among different mango cultivar 

amrapali nectar was found the best among all in 

respect of colour and flavor. Kumar et al. (2008) 

carried out a storage study on mosambi (Citrus 

sinensis) RTS beverage titrable acidity values 

increased during storage. Vitamin-C content 

decreased only to a small extent after 30 days at RFT 

(P). Extent of decrease in TSS was more in case of 

storage at RT than RFT and RT (P) and was 

negligible at RFT (P). Khuradiya and Anand (1981) 

prepared a RTS beverage from phalsa fruit stored at 

different temperatures and reported that beverage 

stored at 3
0 

C is best in colour retention and 

acceptable in market. Shere et al. (2008) studied the 

aonla juice RTS, storage at ambient and refrigerated 

temperatures. The product regularly analyzed for 

TSS, acidity, Vitamin-C that decreased steadily at 

ambient temperature. The decrease in Vitamin-C 

reported Vit. C was comparatively slower at 

refrigerated temperature. Browning reaction was also 

higher at ambient temperature compared to 

refrigerated temperature. Prasad and Mali (2000) 

studied the changes in physico-chemical 

characteristics of pomegranate squash during storage 

and revealed that it was acceptable organoleptically 

for a period of 3-4 months at room temperature. Das 

(2009) prepared beverages from the jamun nectar and 

studied their storage stability. They reported TSS of 

nectar remained unchanged up to two months of 

storage and total acidity of nectar did not get altered 

in the first month of storage. Ascorbic acid content of 

nectar decrease continuously during storage. The 

quantities of nectar were found to be acceptable upto 

five months of storage. Kannan and Thirumaran 

(2001) examined the changes in physicochemical 

changes in jamun RTS during storage. They reported 

that TSS and reducing sugar increased whereas the 

total sugar and acidity decreased slightly. The jamun 

RTS stored in colorless glass bottles was acceptable 

even after six months of storage. Verma and Gaur 

(2006) conducted experiment on phalsa nectar and 

studied their storage stability. Organoleptic score of 

nectar products decreased gradually with the storage 

period and its acceptable for four months. 

 

Table 3. Storage study of fruits nectar  

Reference  Fruits  storage Condition  Storage duration 

(month) 

Roy et al. (1997) Mango 4±1
o
C  1   month 

Kulkarni (2000) Mango Ambient condition 6   months 

Setty and Pathwardhan (1983) Mango Ambient condition 12 months 

Khurdiya and Roy (1988) Mango Ambient condition 6   months 

Kalra and Tandon (1984) Guava Ambient condition 10 months  

Tiwari and Dinesh (2001) Guava Ambient condition 6   months 

Kalra et al. (2001) Guava Ambient condition 12 months  

Pandey (2004) Guava Ambient condition 6   months 

Choudhary et al. (2008) Guava Ambient condition 5   months  

Ahmad. (2012) Guava Ambient condition 5   months  

Khuradiya and Anand (1981) phalsa 3
0 
C 4   months 

 Shere et al. (2008) Aonla 
Refrigerated  

6   months  
Ambient condition 

Kannan and Thirumaran (2001) Jamun  Coloured glass bottle at room 

Ambient condition 

6   months 
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Das (2009) Jamun  Ambient condition 5   months 

Karuna et al. (2005) Litchi  Ambient condition 12 months  

Krishnaveni et al. (2001) Jackfruit Ambient condition 6   months 

 

Chemical changes during storage of fruit nectar 

The TSS (°Brix) of nectar increased significantly 

during storage which might be due to conversion of 

left over polysaccharides into soluble sugar and also 

due to formation of water soluble pectin from 

protopectin Choudhary et al. (2008) in guava nectar 

and Pandey et al. (2004) in guava beverage. 

Reducing sugar, total sugar and non-reducing sugar 

of nectar increased and decreased throughout the 

storage period respectively. Increase in reducing 

sugar might be assigned to the partial acid hydrolysis 

of starch and disaccharide of nectar into invert sugar 

and also inversion of part of non-reducing sugar into 

glucose and fructose. Moreover, reason for increased 

reducing sugars might be contributed by the gradual 

degradation of polysaccharides in pulp through acid 

hydrolysis Murari and Verma (1989) and 

Chakraborthy et al. (1991). The increase in titrable 

acidity during subsequent storage of guava nectar 

might be due to the accelerated degradation of pectin 

substances in nectar. These various findings are 

accordance with Choudhary et al. (2008) studied that 

the acidity content of nectar showed the minimum 

change during storage Murari and Verma (1989). 

Ascorbic acid content of nectar decreases during 

storage and this reduction might be due to oxidation 

of ascorbic acid into dehydroascorbic acid by 

oxygen. Viscosity of nectar increased during storage 

may be due to TSS and soluble sugar increases for 

that strain and shearing rate also increase and flow 

index decrease during storage. This may due to 

consistency of product decrease with increase in 

temperature. Also, due to flow index decreased 

which helps to develop pseudo plasticity in fruit 

nectar. These reasons are confirmed from Mansy et 

al. (2005) rheological property of mango and papaya 

nectar. 

 

Organoleptic changes of fruit nectar during 

storage  

Colour change in nectar is decreased may be due to 

enzymatic and non-enzymatic actions, caramelization 

and Millard reactions are responsible for 

discolouration of sugar and fruit proteins. Flavour of 

nectar decreased during storage and this may be due 

to the slight fermentation of beverage and gas 

production and also due to high level of acid that 

react with the product unpleasant volatile odour. 

Taste of nectar was decreased due to development of 

acidity and caramelization in product whereas, higher 

level of fruits pulp found good taste of guava nectar 

during storage. There for 0.3 per cent acidity is 

recommended for preparation of nectar. Over all 

acceptability of nectar decreased this may be due to 

non-enzymatic reactions like caramelization and 

Millard and also oxidative reaction responsible for 

deterioration of colour, flavour and taste.

 

Preparation of fruit nectar 
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Abstract: The effects of simulated acid rain (pH 4, 0) have been studied on Brassica campestris L. cv. varuna. The plant 

growth in terms of shoot and root length, number of leaves per plant and number of lateral branches, was reduced 

significantly in HNO3, H2SO4 and HNO3 + H2SO4 simulated acid rain. Reduction in dry weight and net primary productivity 

were also observed and the effects were found to be age dependent. Flowering was delayed by simulated acid rain. There 

was also a significant reduction in yield. The effect of HNO3 simulated acid rain was greater than H2SO4 simulated acid rain 

and HNO3 + H2SO4 simulated acid rain caused maximum reduction in plant growth and yield. A reduction in chlorophyll a, 

chlorophyll b, and total chlorophyll contents of leaves was also observed after 10 days of treatment. The loss in chlorophyll a 

was higher than chlorophyll b. A significant increase was observed in nitrogen content on application of HNO3 simulated 

acid rain and sulphur content in H2SO4 simulated acid rain. The plants subjected to simulated acid rain did not show any 

visible foliar injury symptoms up to 35 days but subsequently these symptoms appeared.  

 

Keywords: Brassica campestris, Acid rain, Plant, Shoot, Root 

 

INTRODUCTION 

 

n the recent years, acid rain, a condition primarily 

characterized by elevated levels of hydrogen (H
+
), 

sulphate (SO4
-2

) and nitrate (NO3
-
) ions, has 

become an environmental problem of great concern. 

This phenomenon has been attributed to acidification 

of atmosphere by gaseous pollutants, mainly sulphur 

dioxide and nitrogen dioxide, emitted from the 

combustion of fossil fuels. These gases when they 

come in contact with rain water result into formation 

of sulphuric acid (H2SO4) and nitric acid (HNO3), 

respectively, thus lowering the pH of normal rain. 

Events of frequent acid rain are common in 

industrialized countries of Western Europe, America 

and Canada. Acid rain of as low as pH 3.8 has been 

reported in Mumbai. 

Crowther and Rouston (1911) were amongst the 

pioneers to demonstrate the detrimental effects of 

acid rain on vegetation. Acid precipitation causes 

foliar injury (Evans et al., 1977; Evans, 1980; Evans 

and Curry, 1979; Keevar and Jacobson, 1983; Lee et 

al., 1981), reduction in leaf area and leaching of 

certain nutrients from the leaves (Adams et al., 1984; 

Evans, et al., 1985; Scherbatskoy and Klein, 1983; 

Wood and Bormann, 1975) and the reduction in 

chlorophyll content (Ferrenbaugh, 1976; Thornton et 

al., 1990; Velikova et al., 1997). Although there are 

several studies on the effects of acid precipitation on 

crops in the West (Cohen et al., 1981; Jacobson, et 

al., 1980; Lee et al., 1981; Evans, 1982; Irving; 

1983; Banwart et al., 1987 & 1990), the impact of 

acid precipitation on crop growth and yield has 

received little attention in India. Further, the present 

study was undertaken to study the effects of 

sulphuric acid and nitric acid alone and in 

combination in simulated acid rain on Brassica 

campestris L. cv. varuna, an important agricultural 

crop in India, The objective of this study was to get 

information of pratical use by assessing loss in yield 

due to acid precipitation. 

 

MATERIAL AND METHOD 

 

This study was conducted in rabi season in the 

research plot of Botany Department, C.C.S. 

University, Meerut. The soil was sandy loam and 

was fertilized with compost. Four replicates of four 

plots each of 5x5 m were selected. Seeds of Brassica 

campestris L. cv. varuna, obtained from NSC, 

Meerut, were sown in five vertical rows spaced 50 

cm apart. Thinning of plants was done when 

seedlings were two weeks old. One plot from each 

replicate subjected to simulated rain of deionised 

water served as control. The other three plots were 

subjected to simulated acid rains of sulphuric acid, 

nitric acid and sulphuric acid and nitric acid in 

combination at pH 

4.0. Solutions of 0.5 M sulphuric acid, 1 M nitric 

acid and both in combination (70:30 v/v) were added 

to deionised water. The pH was maintained at 4.0. 

The rainfall was simulated by distributing the 

solutions in each treatment from a Kisan- 76 

Knapsack sprayer of 18 litre capacity with cone swirl 

type spraying nozzle. The nozzle discharge rate was 

500 ml/min. Each rain event consisted of 30 minutes 

of rain. The treatment began after the plants were 

I 
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two weeks old. The plants were exposed to simulated 

acid rain twice a week till the harvest. 

Regular destructive harvests of 10 plants from each 

plot were made at 15 days intervals till the harvest of 

the crop. The root and shoot lengths, numbers of 

leaves, branches, flowers and pods per plant, dry 

weight fractions, net primarily productivity 

(g/plant/day) and chlorophyll content (Arnon, 1949) 

were determined at each harvest. The dates of 

emergence and abscission of leaf were recorded. 

Senescent leaves were collected as they abscised. 

Observations were also made on visible foliar injury. 

The data were analyzed statistically applying 

ANOVA and then determining critical differences. 

 

RESULT 

 

Data on the effects of simulated acid rain on various 

growth and yield parameters and chlorophyll content 

of leaves of Brassica campestris L. cv. varuna are 

presented in Tables 1 to 3. 

Plant height decreased significantly as a result of 

simulated acid rain and the decrease in plant was 

directly proportionate to the total acid rain received. 

The percentage reduction was greatest in 65 days old 

plants. The plant height decreased by 18.1% and 

21.7% when subjected to sulphuric acid rain and 

nitric acid rain, respectively. However, their 

combined effect was less then additive (Table 1). 

The lengths of both the root and shoot decreased due 

to acid rain but reduction in root length was lower in 

comparison to shoot length. In the initial stages of 

growth there was not any marked effect of simulated 

acid rain on the number of lateral branches but 

subsequently a decrease was recorded. Significant 

reduction in the number of leaves was observed in 

the plants subjected to simulated acid rain. The level 

of reduction of 32.95% was observed in 80 days old 

plants subjected to H2SO4 + HNO3 simulated acid 

rain. The reduction was 22.7% in HNO3 and 24.5% 

in H2SO4 simulated rain. Inhibition of initiation and 

premature abscission of leaves was observed in all 

the treatments. 

Simulated acid rain caused highly significant 

reduction in dry weight fractions in treated plants at 

crop maturity. Dry weight fractions of the plants 

exposed to simulated acid rain of H2SO4, HNO3 and 

H2SO4 + HNO3 were 0.18, 0.18 and 0.18 g plant 
-1

, 

respectively as compared to 0.20 g plant 
-1

 in control 

in 20 day old plants and 9.275, 9.10 and 9.61 g plant
-

1
, respectively as compared to 11.63 g/ plant in 

control in 80 day old plants. The highest values for 

NPP recorded were 0.15, 0.12, 0.12 and 0.11 g in 65 

day old plants in control and in simulated acid rains 

of H2SO4, HNO3 and H2SO4 + HNO3, respectively 

(Table 5). 

Flowering was delayed in plants exposed to 

simulated acid rain, and so also there was a 

significant reduction in the total number of floral 

buds. The effect of H2SO4 + HNO3 simulated acid 

rain was maximum on these parameters. 

The average number of pods per plant also decreased 

significantly due to simulated acid rain. The 

maximum reduction was in H2SO4 + HNO3 

simulated  acid rain and the minimum in H2SO4 

simulated acid rain. At the time of harvest, the 

number of pods reduced by 12.8, 17.4 and 26.2 in 

H2SO4, HNO3 and H2SO4 + HNO3 simulated rain, 

respectively as compared to control (Table No. 4). 

The yield was reduced by 19.59, 22.71 and 31.91% 

in the plants subjected to H2SO4, HNO3 and H2SO4 + 

HNO3 simulated acid rains, respectively (Table 4). 

Though the average number of seeds per pod was not 

affected, the weight of 100 seeds was reduced by 7.5, 

6.1 and 8.2 per cent in H2SO4, HNO3 and H2SO4 + 

HNO3 simulated acid rain respectively. 

There was a decrease in contents of chlorophyll a 

and b in leaves subjected to simulated acid rain. 

Maximum reduction was observed in 35 day old 

plants in all treatments. The decrease was lowest in 

H2SO4 and  highest in H2SO4 + HNO3 simulated acid 

rain treatments (Table 2). 

Effect of simulated acid rain of HNO3 and H2SO4 

alone and in combination was also observed on 

sulphur and nitrogen contents of leaves at crop 

maturity. 

There was a significant increase in nitrogen content 

and decrease in sulphur content when HNO3 was 

applied singly. On the contrary, there was increase in 

sulphur contents and decrease in nitrogen content 

when H2SO4 was applied singly. There was increase 

in both nitrogen and sulphur contents when HNO3 

and H2SO4 were applied in combination (Table 3). 

Periodical observations of the plants subjected to 

simulated acid rain revealed that there were no 

visible injury symptoms until the plants were 35 days 

old. There after chlorotic injury symptoms in the 

form of whitish yellow spots were observed in the 

marginal and interveinal areas of the leaf. The leaves 

which were expanding rapidly or recently expended 

were most sensitive in this regard. Very small and 

immature leaves and older leaves were found to be 

less sensitive. 
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Table 1. Effect of simulated acid rain (ph 4.0) on growth parameters of Brassica Campestris L. cv. varuna. 
 

Parameters 

PLANT AGE (DAYS) 

                                        20           35 50                                      65 80 

                                             HNO3      C.D.  at 

Control  HNO3  H2SO4 +  H2SO4     5%      1% 

                                          HNO3     C.D.  at 

Control  HNO3  H2SO4 + H2SO4      5%     1% 

                                          HNO3       C.D.    at 

Control  HNO3   H2SO4 + H2SO4   5%     1% 

                                               HNO3     C.D.    at 

Control   HNO3    H2SO4 + H2SO4     5%     1% 

                                               HNO3       C.D.       at 

Control   HNO3    H2SO4 + H2SO4     5%          1% 

 

1.   Plant height    20.50    19.70    19.31    19.60         -          -            43.20     37.30*   37.60*
      36.20*      5.12    -          77.80     65.10*   67.20*    61.00**    9.36    13.94           111.40     87.20**   90.90**    83.00**   9.61   14.42       113.70    89.10**  93.50**    84.90**   10.14    15.22 

 

2.   Shoot length   12.30    11.80    11.51    11.60         -          -            22.90     27.50**  27.70**   36.90**    2.70     3.93    64.70    53.70*   54.60*    49.20**    7.63    11..42          94.80      72.10**   75.60**    68.20**    7.63   11.42       94.80     74.00**  77.10**     69.90**    10.87   16.30 

          (CII.) 

3.  Root length      8.20      7.90      7.81      8.00             -          -            10.30      9.80      9.90        9.30*       0.97      -         13.10     12.40    12.60     11.80*       1.14       -                 16.60     15.10*     15.30      14.80*        1.46      -            16.80       15.10*    15.40      15.00*       1.52        - 

          (CII.) 

4.  Number of        -             -           -            -                  -          -            2.20        2.10      2.20        2.10         -           -        3.70       3.60      3.60      3.50                -          -                 5.40       4.90*      5.10         4.80*          0.48      -             5.50        5.10        5.00        4.90*         0.46         - 

     Branches/ 

     Plant 

5.  Number of        6.00       5.60      5.61      5.80           -           -            13.60       11.30*   12.80     10.90**   1.76     2.63     17.20    15.00*   15.10*    14.10**   1.83    2.74           20.20     15.40**   16.90**    14.80**     2.89    4.32        8.80        6.20**       6.80**      5.90**      1.27       1.88 

     leaves/ 

     plant 

6.  Number of           -             -          -             -              -          -             32.40       26.70**  27.10*   24.20**   1.76    2.63     62.90     46.80**   49.30** 44.10**    6.25   9.32          18.00     15.30**   16.10*      14.20**     2.47    3.73          -               -                 -                -                -              -   

     buds/plant 

7.  Number of           -             -          -             -              -           -                -               -            -           -              -          -       22.20     16.30**   17.80** 14.10**       2.83   4.20         21.30     16.00**   16.88**     14.30**     2.79    4.11          -               -                 -                -                -            -   

     flowers/ 

     plant 

8.  Number of           -             -          -             -              -           -                -              -            -           -              -           -       21.80     17.10**    18.30**  16.20**     2.91*   4.31       80.00     65.90**   70.10*      60.20**     7.54    11.26      92.30     76.20**    80.40*     68.10**    9.40   13.78 

    pods/plant 

 

Values are in mean : C.D. – Critical difference.  *- Significant at 5% level ; ** - Significant at 1% level. 

 

Table 2. Effect of simulated acid rain (pH 4.0) on chlorophyll content (mg/g) fresh weight of Brassica campestris L. cv. varuna. 
 PLANT AGE (DAYS) 

                          20 35                                  50 65  

                                                 HNO3+       C.D.       at 

Control    HNO3    H2SO4     H2SO4        5%          1% 

                                                  HNO3+     C.D.        at 

Control   HNO3       H2SO4      H2SO4        5%        1% 

                                                  HNO3+     C.D.        at 

Control   HNO3       H2SO4      H2SO4        5%        1% 

                                                  HNO3+     C.D.        at 

Control   HNO3       H2SO4      H2SO4        5%        1% 

 

 

Chlorophyll  a              4.044        3.665*    3.766      3.497*        0.370       -                            6.176       5.275*      5.549*     4.961**        0.62      0.92                    6.234      4.964**     5.296*      4.391**       0.91      1.26                    5.125       3.613**     4.111**    3.259**     0.67        0.99 

 

Chlorophyll  b              3.715         3.485     3.544       3.356         0.350       -                          5.477      4.971         5.093      4.679           0.505      -                         5.874      5.081       5.310       4.679           0.56      0.830                  4.639      3.757       4.041       3.454       0.57         0.86 

Total 

Chlorophyll                  7.759        7.150       7.310       6.853         0.870      -                           11.653    10.246       10.642      9.640         1.350      -                      12.108    10.045     10.606     9.070          1.41      2.09                     9.764      7.370       8.152      6.713        1.21       1.77 

 

Values are in mean, C.D. – Critical difference:  * - Significance at 5% level : ** - Significance at 1% level. 

 

Table 3. Effect of simulated acid rain (pH 4.0) on the sulphur and nitrogen contents in the leaves of Brassica campestris at the maturity of the crop. 

Character  Control  HNO3  H2SO4  H2SO4 + HNO3  C.D. at5%        C.D. at 1%  

Sulphur Content  0.616  0.522
*
   0.723

**
     0.669  0.083  0.102 

   (mg/g dwt.) 

Total nitrogen  5.752  6.630
**

  4.830
*
   6.010  0.660  0.950  

  (mg/g dwt.) 

Values are in mean, C.D. – Critical difference. 

* - Significant at 5% level. 

** - Significant at 1% level. 
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Table 4. Effect of simulated acid rain on yield of Brassica campestris  L. cv. varuna. 

Parameter   Control  H2SO4 HNO3  H2SO4 +HNO3  C.D. at5% C.D. at1% 

Number of pods  92.3  80.4
*
  76.2

**
      68.4

**
   10.11  14.97 

Weight of 100  0.292  0.270 0.276   0.268
*
   0.021  - 

Seeds (gm) 

Seed yield per  4.292  3.451
**

  3.317
**

    2.922
**

   0.550  0.810 

plant (gm) 

Values are in mean ; C.D. – Critical difference 

* - Significance at 5% level; 

** - Significance at 1% level. 

 

Table 5. Effect of simulated acid rain on dry weight fractions and net primary productivity of Brassica campestris cv. varuna. 
 Dry weight fractions (gm/plant) C.D. 

5%               1% 

Net primary productivity 

Control       H2SO4     HNO3        H2SO4+HNO3  Control         H2SO4       HNO3      H2SO4+HNO3 

 
20 days   Shoot  0.188     0.167*     0.169*        0.161*    0.018 -   

 Root          0.021      0.020      0.019*        0.019*        0.002 - 

 Total         0.209      0.181*     0.188*       0.180*         0.021 -  0.010       0.00935     0.00940     0.00900 

 

35 days   Shoot         1.656      1.521      1.498*        1.423*    0.154 - 

 Root          0.338      0.321      0.319         0.318       - -  

 Total         1.994      1.842*     1.817         1.741*          0.152 -  0.056             0.052          0.0519      0.049 

 

50 days   Shoot             4.628       4.001*     3.998*       3.982*      0.610 -  

 Root          0.612       0.601       0.558        0.519*    0.08 - 

 Total         5.240       4.602*      4.556*      4.501*       0.61 -  0.104       0.082         0.082        0.090 

 

65 days   Shoot  8.992       7.121**     6.981**     6.692**     1.140 1.680  

 Root   0.925        0.891       0.882        0.876         - - 

 Total  9.912  8.012**    7.868**     7.568**     1.150 1.710  0.152            0.123          0.121          0.116      

 

80 days   Shoot  10.513      8.253**     8.012**    7.121**      1.470 2.10 

 Root  1.22  1.022        0.998*      0.958*      0.123 - 

 Total  11.635      9.275**     9.010**     8.619**     1.490 2.22    0.145       0.115         0.112          0.107 

 

Values are in mean ; C.D. – Critical difference. 

* -  Significance at 5% level; ** - Significance at 1% level 
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DISCUSSION 

 

Plant height was reduced significantly due to 

simulated acid rain treatment as compared to the 

control and the decrease was due to reduction in both 

shoot and root lengths. Johnston et. al. (1982) and 

Norby and Moore (1983) reported that acid rain 

adversely affects bush bean and soybean growth if 

PH is low enough to cause physical injury to leaves. 

Forsline et. al. (1983) also observed significant 

growth reductions in apple seedlings at pH 3.25. 

Cohen et. al. (1982), Evans et al. (1981), Evans 

(1982), Irving (1983), Johnston and Sriner (1985), 

Musselman and Sterrett (1988), Reddy (1989), 

Shaukat et al. (2008) and Verma et al. (2010) also 

observed reductions in root and shoot lengths of 

diverse group of crops due to acid rain. Reduction in 

root growth may be due to decrease in translocation 

of photosynthates to the root from the shoot 

(Wardlaw, 1968). 

Reduction in the number of leaves and lateral 

branches of the plants subjected to simulated acid 

rain was due to inhibition of leaf initiation and 

premature abscission of leaves.Ferrenbaugh (1976) 

observed premature abscission of leaves in phaseolus 

vulgaris due to acid rain treatment. Johnston et al. 

(1982) also demonstrated enhancement of senescence 

of leaves of Phaseolus vulgaris exposed to pH 4.0 

and 3.2 sulphuric acid rain. 

Reduction in the plant growth was accompanied by 

reduction in dry matter accumulation and net primary 

productivity. These may be attributed to altered rates 

of nutrient leaching, reduction in chlorophyll content, 

reduced leaf area and increased rate of respiration 

resulting from foliar injury. Reduction in the 

production of carbohydrates may account for 

decrease in dry weight (Ferrenbaugh, 1976). 

Reduction in plant growth and seed yield was highest 

in HNO3 + H2SO4 simulated acid rain than singly in 

HNO3 and H2SO4, but it was less than additive. 

Cohen et al. (1981) also observed reduction in the 

yield of mustard green (Brassica japonica) in H2SO4 

+ NHO3 acid rain but there was no significant effect 

when he applied them singly. In combination (HNO3 

+ H2SO4), in addition to acidity, the sulphate to 

nitrate ratio also influences the response of the plants 

to simulated acid rain (Lee and Neely, 1980; Irving, 

1985). 

A significant reduction in seed yield was observed as 

a result of simulated acid rain. The reduction in the 

yield was not due to decrease in the number of seeds 

per pod, but it was as the result of decrease in the 

number of pods and in seed weight. Evans et al. 

(1981) also observed a decrease in seed yield of 

soybean subjected to simulated acid rain due to 

decrease in the number of pods, however, biomass 

per seed and number of seeds per pod did not vary 

from the control. Hindawi et al.  (1980) in Phaseolus 

vulgaris  and Reddy (1989) in soybean and snap bean 

cultivars have reported reduction in the size of seeds 

and pods due to acid rain. Cracker and Waldron 

(1989) also reported yield reduction in corn on 

exposure to simulated acid rain. 

In the present study it has been observed that growth 

and yield were more adversely affected by nitric acid 

than sulphuric acid simulated acid rain. Irving (1985) 

also demonstrated greater effect of nitric acid in 

reduction of yield at pH 3.0 in radish. Porter and 

Sheridan (1981) abserved more foliar injury 

symptoms in alfalfa from exposure to HNO3 than 

H2SO4. Higher adverse effect of nitric acid compared 

to sulphuric acid indicates that nitrate ions are more 

effective in leaf surface exchange reactions than 

sulphate ions. (Irving 1985). 

Acid rain reduced the chlorophyll content of leaves. 

Ferrenbaugh (1976) reported reduction in chlorophyll 

content in the seedlings of Phaseolus valgaris 

exposed to simulated acid rain at pH 3.0. Uniform 

reductions in chlorophyll a and b across pH gradient 

in simulated acid rain were also reported by Hindawi 

et al. (1980) on bush bean but Thornton et al. (1990) 

did not observe significant reductions in chlorophyll 

content on acidic cloud deposition on plants. 

Accumulation of SO4 
-2

 and NO3
-
 ions may lead to 

breakdown of chlorophyll and interaction between 

these acidic ions and chloroplast, results into 

inhibition of metabolic activities of the chloroplast. 

Sheridan and Rosenstreter (1973) reported that 

simulated acid rain destroyed chlorophyll and 

depressed photosynthesis in moss (Tortula ruralis). 

Decrease in the chlorophyll content was 

accompanied by reduction in the synthesis of 

photsynthates. Decrease in the production of 

photosynthate may also be attributed to reduced leaf 

area and increase in the rate of respiration due to 

metabolic perturbation in the leaves as a result of 

injury on exposure to simulated acid rain (Hindawi et 

al. 1980). 

Increase in nitrogen and sulphur content can be 

attributed to increased inputs and the foliar 

incorporation of  NO3
-
 and SO4 

-2
 ions in simulated 

acid rain. Elevated levels of nitrogen and sulphur 

have also been observed by Wood and Bormann 

(1977) and Evans (1982) in plants exposed to 

simulated acid rain. Hindawi et al. observed marked 

increase in foliar sulphur and lower contents of 

nitrogen in Phaseolus vulgaris on exposure to acidic 

mists of H2SO4. 

Simulated acid rain caused visible foliar injury in 

Brassica campestris L. cv. Varuna in the form of 

interveinal and marginal chlorosis on the adaxial 

surface. Evans et al. (1977) also observed interveinal 

chlorosis in the leaves of Phaseolus vulgaris and 

Helianthus annuus as the result of simulated acid 

rain. The extent of visible leaf injury is most 

pronounced just prior to full expansion of the leaf 

(Evans et al., 1977 ; Evans and Curry, 1979). The 

lesion frequency was correlated with the degree of 

leaf expansion. Lesions, which developed due to acid 

rain, were localised and injury to adjacent cells 
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occurs only in localised fashion. Once a lesion is 

formed it serves as a depression for collection of 

subsequent rain. Injury also developed in the 

marginal areas where droplets are retained after a 

rain event. 

The appearance of foliar injury and reduction in 

growth and yield thus indicate that Brassica 

campestris L. cv. varuna is sussceptible to acid rain. 
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Abstract: The aim of the present study was to evaluate the antibacterial activity of Helicteres isora extracts. We have tested 

different concentrations of three Ethanol, aquoues and hydroethanol fractions of H. isora root on selected pathogenic gram 

positive (Staphylococus aureus, Bacillus subtilis, Enterococcus faecalis and Bacillus cereus) and gram negative bacteria 

(Pseudomonas aerogenosa, Proteus mirablis, Salmonella typhie, Klebsiella pneumonia, Proteus vulgaris and Escherichia 

coli) with the well diffusion method in agar. All the tthree extracts exhibited antibacterial activity against seven strains of 

pathogenic bacteria. Hydroethanol extract showed best antibacterial activity as compared to both other extracts. Ethanol 

extract showed good antibacterial activity against K. pneumonia in comparison to other extracts. However aqueous extract 

showed minimum antibacterial activity against all the pathogens. This finding showed the good antimicrobial activity of H. 

isora, so it forms the basis for further antibacterial drug isolation from this medicinal plant. 

 

Keywords: Helicteres isora, Antibacterial, Hydroethanol, Medicinal plant 

 

INTRODUCTION 

 

n the current scenario, infectious diseases due to 

the various pathogenic micro organisms are still 

one of the leading reasons behind the death in the 

world. Various conventional antibiotic drugs are 

available for the treatment of infectious diseases, but 

microbes evolve in the changes of genetic structure 

and metabolism to acquire resistance against 

antibiotic drugs (Fred, 2006; Raghunath, 2008). S. 

aureus, P. aeruginosa, Streptococcus sps. and 

Enterobacteriaceae add E. coli, enterococcus etc. are 

key microbes that showed antibiotic resistant (Bax et 

al., 2000; Bhavnani  and Ballow, 2000). These drug 

resistant microbes are more pathogenic with high 

mortality rate and become a great challenge in 

pharmaceutical and healthcare. These commercially 

available synthetic drugs also have various side 

effects, carcinogenicity, high cost and have various 

environmental problems (Gortzi et al., 2006), so to 

overcome all these problems, researcher looking for 

the invention of alternative and novel drug from 

natural sources like plants, algae etc.  

Helicteres isora (family- Sterculiaceae) commonly 

known as “Marorphali” in Hindi and “East India 

Screw Tree” in English  is a medium sized tree, 

abundantly found in hills and forests, well known for 

its use in traditional medicinal values (Sabale et al., 

2012). H. isora showed antidiabetic (Chakrabarti et 

al., 2002), hypolipidaemic (Kumar and Murugesan, 

2008), anti-oxidant (Basniwal et al., 2009), anti-

nociceptic (Venkatesh et al., 2007a), 

hepatoprotective (Dhevi et al., 2008) and cardiotonic 

(Dama et al., 2011) activities. Root juice of H. isora 

was showed to be useful in fever, cough, asthma, 

stomach infections, intestinal infections (Kirtikar and 

Basu, 1991) and was also useful for cuts and wounds 

healing (Nagaraju and Rao, 1990) and scabies. From 

the roots, betulic acid, daucosterol, sitosterol, isorin 

(Qu et al., 1991), cucurbitacin B and isocucurbitacin 

B were isolated (Bean et al., 1985). Despite the 

extensive work on H. isora, this plant has not been 

studied for antibacterial potential. Hence keeping this 

perspective and the above mentioned medicinal 

properties of Helicteres isora, there is a considerable 

need to investigate the protective and therapeutic 

effects of this plant against the ten pathogenic 

bacteria.  

 

MATERIAL AND METHOD 

 

Bacterial strains and growth conditions 

Four gram positive bacterial strain Staphylococus 

aureus (MTCC 87), Bacillus subtilis (MTCC 441), 

Enterococcus faecalis (MTCC 9845) and Bacillus 

cereus (MTCC 1306) and six gram negative bacterial 

strains Pseudomonas aeruginosa (MTCC 1934), 

Proteus mirabilis (MTCC 425), Salmonella 

typhimurium (MTCC 3224), Klebsiella pneumonia 

(MTCC 3384), Proteus vulgaris (MTCC 426) and 

Escherichia coli (MTCC 1695) were procured from 

Microbial Type Culture Collection (IMTECH), 

Chandigarh, India. Nitrogen broth medium was used 

for the maintenance of all bacterial strains at 4 ºC 

after the preparing mother culture at 37 ºC in rotator 

incubator for 24 hrs. 

 

Plant extracts preparation 

Plant sample (Roots of Helicteres isora) was 

collected from Shiwalik range of Uttar Pradesh and 

were washed, shade dried and subjected to coarse 

powder using electric grinder. The powder was 

extracted with different solvent ranging from non 

polar to polar (petroleum ether, benzene, chloroform, 

ethyl acetate, ethanol and distilled water) and 70% 

hydroethanol in Soxhlet. Ethanol, aqueous and 
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hydroethanol extracts was concentrated using rotary 

evaporator and stored at 4 ºC in airtight containers.  

Four concentration (10, 12, 15 and 20 mg/ml) of all 

the three extract (ethanol, aqueous and hydroethanol) 

were prepared for further activity. 

 

Well diffusion method: (Perez et al. 1990) 

Nutrient agar medium was prepared, sterilized (121 

ºC for 15 min.), poured into a pre sterilized Petri 

plates and allowed to solidify at room temp. in 

laminar air flow. Bacterial culture of bacteria (0.3 

ml) was placed on the nutrient agar and spread with 

the help of glass spreader. Four wells (4 mm 

diameter) were punched on each agar plate using a 

sterile cork borer. In each well 20 µl of the sample 

was added and incubated at 37 ºC for 18 to 24 hrs in 

inverted position in incubator. Zone of inhibition 

(mm) was observed. Streptomycin (10 mcg/ disc) 

and tetracycline (30 mcg/ disc) were used as a 

positive control. 

 

RESULT 

 

Antibacterial potential of three different fraction of 

H. isora with 4 concentrations (10, 12, 15 and 20 

mg/well) were determined against 10 pathogenic 

bacteria with the help of well diffusion method and 

summarized in table 1 and figure 1. All the three 

extract showed antibacterial activity, the response for 

each bacterium tested was different. Diameter of 

inhibition was ranging from 6.3 to 22 mm indicating 

that Bacillus subtilis was most susceptible bacteria 

while E. ficalis, S. aureus and P. aerogenosa were 

resistant bacteria, and there growth was not inhibited 

by all the three extracts. Almost all bacteria showed 

resistant against the aqueous extract except E. coli 

and B. cereus. Hence aqueous extract showed 

antibacterial activity against only E. coli. Bacillus 

subtilis showed more sensitivity against 

hydroethanolic extract in comparison to other extract 

as well as stranded antibiotic. Most prominent 

antibacterial activity of all the three extract were 

observed at 20 mg/well concentration in comparison 

to all other concentrations (10, 12 and 15 mg/ well). 

Hydroethanol extract showed prominent antibacterial 

activity against pathogenic bacteria in comparison to 

other extracts. 

   
Table 1. Means of inhibition growth diameter obtained by using different concentrations of three extracts of H. 

isora roots. 

Bacteria Sample 

concentration 

Hydroethanol Ethanol Aqueous Positive 

control 

K. pneumonia 10 6.3±1.2 11.3±0.6 ND 26 

12 8.0±1.0 12.0±1.0 ND 

15 10.3±2.1 11.7±2.1 ND 

20 13.7±1.5 17.3±1.5 ND 

B. subtilis 10 11.7±0.6 ND ND 21 

12 13.7±1.5 ND ND 

15 14.3±1.2 7.7±0.6 ND 

20 22±0.4 8.7±0.6 ND 

S. typhi 10 9.7±0.6 ND ND 22 

12 10.3±0.6 ND ND 

15 12.0±1.0 11.0±1.0 ND 

20 20.0±1.0 11.7±1.5 ND 

P. vulgaris 10 11.7±2.5 11.7±0.6 ND 23 

12 12.0±2.0 13.3±2.5 ND 

15 10.3±0.6 12.0±2.0 ND 

20 15.0±2.0 11.0±2.6 ND 

E. coli 10 12.0±1.0 15.0±0.00 7.3±0.6 33 

12 13.0±1.0 15.0±0.00 8.±0.00 

15 14.0±1.0 15.7±0.6 9.±0.00 

20 16.0±1.0 17.7±1.5 11.7±0.6 

p. mirabilis 10 7.7±0.6 8.0±1.0 ND 17 
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12 10.0±0.00 10.3±0.6 ND 

15 11.7±1.5 10.7±0.6 ND 

20 14.3±0.6 13.0±1.0 ND 

B. cereus 10 13.0±1.0 13.0±1.0 ND 24 

12 14.3±0.6 14.3±1.2 8.7±1.5 

15 15.3±0.6 14.7±1.2 10.0±0.00 

20 18.3±2.1 18.0±1.0 11.0±1.0 

Positive control- streptomycin for all except E. coli (Tetracycline). ND not determined 

 

DISCUSSION 

 

Antibiotics are synthetic drugs which are used 

against the treatment of various pathogenic micro-

organisms. These antibiotics also possess many side 

effects and high costs. In the present era researchers 

have immense interest in the search for new 

antimicrobial drug from herbal plant origin. The 

result of the current study showed that ethanolic and 

hydroethanolic extract possess antibacterial activity 

against all pathogenic bacteria except E. faecalis, S. 

aureus and P. aerogenosa. Aqueous extract showed 

antibacterial activity against only E. coli and B. 

cereus.Varghese et al.  (2012) reported that methanol 

extract and there isolated constituents (alkaloids, 

flavonoids and phenolic compounds) of H. isora 

fruits possess antimicrobial activity against E. coli, 

P.  aeruginosa,  Salmonella  abony  and  S.  aureus. 

Aqueous, ethanol, acetone and methanol extract of H. 

isora fruits also showed antibacterial potential 

against S. typhimurium, E. coli, Staphylococcus 

epidermidis, P. vulgaris, Enterobacter aerogenes, S. 

aureus and least antibacterial potential against P. 

aeurogenosa. (Tambekar et al., 2008) H. isora fruits 

aqueous extract also reported antimicrobial potential 

against ten pathogen strains -E. coli, S.  aureus,  E.  

aerogenes, P.  aeruginosa,  S.  typhi,  S.  

typhimurium,  S.  paratyphi,  P. vulgaris,  K. 

pneumoniae and  Shigella  Flexneri. (Tambekar and 

khante, 2010). Acetone extract of H. isora fruit 

possess antibacterial activity against E. coli, B. 

cereus and E. faecalis (Shriram et al., 2010) while 

methanol and aqueous extract of H. isora leaf 

reported antimicrobial activity against E. coli and A. 

niger (Kumar et al., 2013) According to the present 

study, hydroethanol extract showed prominent 

antibacterial efficacy against pathogenic bacteria in 

comparison to other extracts (aqueous and ethanol), 

because hydroethanolic extract possess more 

secondary metabolite and other compounds in 

comparison to others, reason behind this is ethanol 

and aqueous extract were prepared with sequential 

method (non polar to polar) but hydroethanolic 

extract was prepared with direct method. So all the 

beneficiary compounds were distributed in various 

fractions like petroleum ether, benzene, chloroform, 

ethyl acetate, ethanol and aqueous.  The 

antimicrobial efficacy of plant is due to the presence 

of tannins, phenolic compounds, saponins and 

flavonoids (Aboaba and Efuwape, 2001), because 

tannins have been reported to prevent the 

microorganisms development by precipitating 

protein of microbes and convert it into unavailable 

form for microbes (Chung et al, 1998 and Phate et 

al., 2011), while flavonoids are able to form 

complexes with extracellular soluble proteins and 

bacterial cell wall (Tsuchiya et al.  1996;  Cushine  

and  Lamb  2005), so flavonoids possess efficacy 

against gram positive and gram negative bacteria, 

viruses and fungi (Afolayan et al., 1997). So, H. 

isora showed antibacterial activity against 

pathogenic bacteria because it possess various 

antibacterial compounds like phenols, flavonoids, 

tannins, saponins and other active components 

(Sharma et al., 2016). Various modes of action are 

involved in the antibacterial activity of various 

extracts. Because different extracts of different plant 

or same plant have variability and different chemical 

profile, so their antibacterial activity is not due to 

single mechanism.  It is believed that these active 

compounds have different sites of action at the 

cellular level. There are 6 possible mechanisms of 

antimicrobial action that includes- interactions with 

membrane proteins; coagulation of cell content; 

inhibition of enzyme synthesis; disintegration of cell 

membrane; disturbance of the outer membrane of 

gram negative bacteria and release of 

lipopolysacherides and destabilizing of the proton 

motive force with leakage of ions. (Bakkali  et  al.,  

2008;  Burt  2004;  Di  Pasqua  et  al.,  2007; 

Hammer  et  al., 2008; Amensour  et  al.,  2010). All 

the extracts of H. isora roots showed antibacterial 

activity against both gram negative and gram positive 

bacteria. The positive results against both gram 

positive and negative bacteria may indicate the 

presence of broad spectrum antibiotic components in 

the plant (Vaghasiya and Chanda, 2007).  

 

CONCLUSION 

 

From the result it was obvious that plant extract have 

different modes of action and exhibited stronger 

antibacterial activity against both gram positive and 

negative bacterial strains. The best antibacterial 

activity was observed against Bacillus sutilis. H. 

isora root seems to a promising natural antibacterial 

agent that have potential applications for controlling 

the pathogenic bacteria and have potential 
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applications in pharmaceutical industry should 

replace the synthetic ones. 
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Abstract: Groundnut, maize and pigeonpea are major bold seeds crop in India. Planting of these bold seeds is a very 

drudgery and time consuming operation. To address this issue, there is a need to design and develop the vacuum cylinder 

metering mechanism for planting of bold seeds like groundnut, maize and pigeonpea. The design of the seed metering 

cylinder (length 1630 mm and diameter 80 mm) was based on the physical property of the bold seeds. It was made of an 

M.S. sheet. Seeds are held to the metering hole of the cylinder by suction pressure. The size of circular metering orifice was 

kept as 2.5 mm. Total 54 orifices having same size was made on the seed metering cylinder at 9 different locations. Each 

location is having 6 orifices, at an angular distance of 600. The vacuum rod and the metering cylinder are placed 

concentrically. The length of the rod is 2320 mm and the diameter of rod is 25mm. The size of the hole in the vacuum rod is 

6 mm and total no. of holes are 18, placed at 9 different locations (2 on each location at an angular distance of 1800). 

Vacuum is created in this rod and goes down the vacuum cylinder. The metering cylinder rotates over rod and pick up the 

seeds through the seed hopper while passing through it.To evaluate the performance of vacuum cylinder pickling % & 

metering efficiency of metering mechanism were considered under different suction pressure i.e. for groundnut seed 4500 

Pa, 5000 Pa and 5500 Pa, for maize seeds 3500 Pa, 4000 Pa and 4500 Pa while for pigeonpea seeds 1500Pa, 2000 Pa and 

2500 Pa. On the basis of superior performance the optimum suction pressure inside the vacuum cylinder for groundnut seed 

was found to be 5000 Pa with a metering efficiency of 106.67 % and maximum picking percentage of 96%. Similarly the 

optimum suction pressure for maize seed was found to be 4000 Pa with a metering efficiency of 108.88 % and maximum 

picking percentage of 97% while for pigeonpea seed these values were found to be 2000 Pa, 110 % and 92 %. Hence it was 

concluded that the designed and developed vacuum cylinder metering mechanism is capable and suitable for planting of bold 

seeds like groundnut, maize & pigeonpea. 
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INTRODUCTION 
 

n India, Groundnut, Pigeonpea and Maize are the 

major bold seeds crop. Groundnut (Arachis 

hypogaea L.) is a member of Fabaceae family which 

forms the important edible oil seed crops in the 

world. In terms of cultivated area and production of 

Groundnut in the world, India ranks second. In India 

about 5.5 million hectares area is under cultivation 

annually and the production is about 6 million 

tonnes. Maize is the third most important food crops 

after rice and wheat. It is also considered as an 

alternative crop to summer paddy, looking to lesser 

water requirement. According to advance estimate it 

is cultivated in 8.7 m ha (2014-15) mainly during 

Kharif season. Pigeonpea (Cajanus Cajan, L.), is one 

of the major pulse crops. India is the largest producer 

with 3.4 million ha. In India bold seeds (Groundnut, 

Maize and Pigeonpea) planting is conventionally 

done by manual dibbling. The seeds are dibbled in 

lines at a depth of 30 mm with two seeds per hill 

maintaining the desired spacing between the rows 

and plants. The labour requirement for planting bold 

seeds is high. This results higher cost of cultivation. 

Generally, the ridge planting is a practice that 

eliminates conventional seed bed preparation or 

which combines with planting operation.  

 

Vacuum type seed metering mechanism 

Vacuum metering mechanism is a relatively new 

concept of planting the seeds. These machines use 

vacuum seed metering principle. The principle offers 

several advantages, especially the single seed 

picking, no mechanical damage to the seed and their 

capability to deal with bolder seeds. Several 

researchers in India and abroad have developed 

tractor operated pneumatic planters. Adoption of 

these machines has been quite limited, due to their 

higher initial cost. Still considering the high accuracy 

and precision of the machinery, these machines have 

great potential for production of high value cash 

crops; especially requiring highly viable 

seeds.Presently, among different sowing techniques, 

precision sowing is the preferred method since it 

provides more uniform seed spacing than other 

methods. Bold seeds grown in a ridge-and-furrow 

system are better suited to mechanical harvesting 

than the bold seeds grown in the non ridged or flat, 

conventional system. The timely operation of bold 

seeds ensuring weed control, infiltration and storage 

of runoff water in turn helps in moisture 

conservation. 

 

MATERIAL AND METHOD 

Physical Characteristics of Bold Seeds 

(Groundnut, Maize and Pigeonpea)  

Physical properties such as length, width, thickness, 

sphericity, bulk density and thousand grain weights 

I 
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were studied for seeds like groundnut, maize and 

pigeonpea. 

 

Concept of Vacuum Metering Mechanism 
The vacuum planting concept is based on the suction 

pressure. Vacuum metering systems are used for 

accurate metering of single seed in precision 

planters. In this system an aspirator is used to 

develop suction pressure in the metering chamber 

inside the vacuum rod where a particular negative air 

pressure (vacuum) is maintained. Negative air 

pressure holds the seeds in pockets on a cylinder 

until the seeds are conveyed up to the bottom where 

the suction pressure is cut-off and the seeds are 

dropped into the seed tube to gravity. The flow 

through tube conveys the seeds to the furrow openers 

and deposits them to the furrow (Varshney, A. C., 

1999). 

 

Design of Vacuum Type Pricision Seed Metering 

Mechanism 

Precision seeding is such a phenomenon that two 

processes have to be performed and the objective is 

to precisely place seeds at the required seed spacing. 

Seeds are held in cells on rotating cylinder by 

negative pressure, and dropped into seed tube with 

the effect of gravity. Capture of seeds in the holes of 

vacuum cylinder is very important for efficient of 

seeding. The vacuum cylinder is made of Galvanized 

M.S. sheet. Size of orifice on plate was decided 

based on the average size of the bold seeds viz.  

Groundnut, Maize and Pigeonpea.   

The mechanism was designed and developed by 

Shrikant Gowardhan (progressive farmer) in Suresh 

Engineering Workshop, Mungeli. The design of 

vacuum type metering mechanism consists of several 

steps and requires basic information viz. seed 

characteristics, source of power etc. 

 

Size of the seed metering orifice 

The size of metering orifice on the seed metering 

plate was decided practically on the basis of 

dimensions of the bold seed i.e. length, width and 

thickness. The digital vernier caliper was used to 

measure the dimensions of the seed. The size of 

metering orifice was determined from the following 

relationship (Bosoi, 1987): 

d˳ = 0.6bav                                                                                         

Where, 

d˳     =     size of metering orifice, mm 

bav       =     average width of seed to be held, mm 

Then, the seed exposed area was determined from the 

following equation; 

𝐴 =
ᴫ

4
𝑑²                                                                

Where,  

A = Seed exposed area in, mm
2
,  

d0 =   Size of metering orifice, mm  

 

Design of Seed Metering Cylinder 

The design of the seed metering cylinder is based on 

the physical property of the bold seeds. The metering 

cylinder orifices are made to achieve minimum band 

width with uniform plant spacing along and across 

the row, and the holes were made at same pitch circle 

diameter. It was made of an M.S. sheet. Seeds are 

held to the metering hole of the plate by suction 

pressure. The metering cylinder rotates 

concentrically outside the vacuum rod and pick up 

the seeds through the seed hopper while passing 

through it. 2-D and 3-D view of the designed vacuum 

cylinder is shown in Fig.1 & Fig. 2 respectively. The 

Specifications of the vacuum metering cylinder are 

given in Table 1. 

 

  

 
Fig. 1. 2D View of vacuum metering cylinder 
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Fig. 2. 3-D View of vacuum metering cylinder 

 

Table 1. Specification of the vacuum metering cylinder 

S. No. Particulars Specification 

1 Length of cylinder 1630 mm 

2 Diameter of cylinder 80 mm 

3 No. of orifices in cylinder 54 

4 Size of orifices 2.5 mm 

6 Angle between the orifices 60 ͦ 

7 Horizontal distance between orifices 150 mm 

8 Material of cylinder m.s. galvanized coated  

 

Design of the Vacuum Rod 

The vacuum rod and the metering cylinder are placed 

concentrically. The length of the rod is 2320 mm and 

the diameter of rod is 25 mm. The size of the hole in 

the vacuum rod is 6 mm and total no. of holes are 18, 

placed at 9 different locations (2 on each location at 

an angular distance of 180
0
). Vacuum is created in 

this rod and goes down the vacuum cylinder. The 

metering cylinder rotates over rod and pick up the 

seeds through the seed hopper while passing through 

it. View of vacuum rod (2-D and 3-D) , assembly of 

vacuum rod and cylinder is shown in figures through 

3 to 5 and details of fabrication of vacuum cylinder 

and rod shown in Fig. 6 

 

Table 2. Specification of the vacuum rod 

S. No. Particulars Specification 

1 Length of rod 2320 mm 

2 Diameter of rod 25 mm 

3 No. of orifices in rod 18 

4 Size of orifices 6 mm 

6 Angle between the orifices 90 ͦ 

7 Horizontal distance between orifices 150 mm 

8 Material Mild steel 

 

 
Fig. 3. 2-D View of vacuum rod 
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Fig. 4. 3-D View of vacuum rod 

 

 
Fig. 5. Design of vacuum metering cylinder with vacuum rod 

 

 
Fig. 6. Assembly of vacuum cylinder and vacuum rod 

 

Design of Seed Box 

It is a straight section of mild steel connected above 

the vacuum cylinder in which seeds are placed. It is 

made up of 1.5 mm thick mild steel folded in 

cylindrical section. The length of seed box is 1630 

mm, width is 90 mm and is mounted on the main 

frame at a height of 350 mm from the main frame . 

 

Blower 

A blower (driven by petrol, 4 stroke engine) for 

developing suction pressure was used and fitted at 

one end of the planter. A rubber hosepipe connects 

the blower and the vacuum rod for developing 

necessary suction pressure in the vacuum chamber of 

the stationary vacuum rod. The blower was provided 

with the provisions to control the suction pressure 

ranging from 4500 to 5500 Pa for groundnut seeds, 

3500 to 4500 Pa for maize seeds and 1500 to 2500 Pa 

for pigeonpea seeds.  

 

RESULT AND DISCUSSION 

Physical Properties of different Bold Seeds  

Physical properties such as length, width, thickness, 

sphericity and thousand grain weights were studied 

for seeds like groundnut, maize and pigeonpea.

  

Table 3.  Physical properties of different bold seeds 
S. 

No. 

Variety Seeds Length    

(mm) 

Width 

(mm) 

Thickness 

(mm) 

Sphericity (s), 

% 

1000-seed 

weight (g) 

1 Vaishali groundnut 11.55 7.68 6.98 64.27 445 

2 TMMH 

801 

Maize 10.58 8.24 4.44 76.55 437.0 

3 Rajivlochan  pigeonpea 5.52  6.16 4.37 92.2 107.92 

Average 9.21 7.36 5.26 77.67 329.97 
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The bulk density of groundnut seeds, maize and 

pigeonpea was found to be 610 kg/m
ᶾ
, 720 kg/m

3 
and 

674 kg/m
ᶾ
 respectively. The moisture content of 

groundnut seeds, Maize and pigeonpea was found to 

be 9.02%, 8.09% and 4.07% respectively  

 

Size of the Seed Metering Orifice  
The size of circular metering orifice was found by 

using the Equation d˳ = 0.6bav It was worked out to 

be 4.5 mm. However, to make it suitable for some 

smaller bold seed also the size was kept as 2.5 mm. 

This also ensures efficient holding of the seeds under 

study. The metering orifices were made on the same 

pitch circle diameter (PCD) of the seed metering 

cylinder. Total 54 orifices having same size was 

made on the seed metering cylinder at 9 different 

locations. Each location is having 6 orifices, at an 

angular distance of 60
0
. 

 

Laboratory Test  

Performance of the vacuum cylinder under 

varying suction pressure for bold seeds 

The suction pressure was optimized based on the 

highest percentage frequency of the desired number 

of seeds dropping. The study was carried out with a 

vaccume rod placed inside the vacuum drum. The 

length of both rod and drum was 2320 mm while the 

pressure hole size was 6 mm and 2.5 mm 

respectively for rod and drum. The pressure hole was 

placed at nine different locations spaced at 20 cm 

matching with the seed tube along the length. These 

pressure holes were placed at an interval of 90 degree 

and 60 degree respectively on the periphery of rod 

and drum. This resulted in total number of 54 seed 

metering orifice (6 on each seed tube location) of 2.5 

mm on the periphery of drum. The pressure was 

varied and observations on seed drop was recorded 

and presented in Table 4 to 6 for groundnut, maize 

and pigeonpea seeds respectively. 

 

Table 4. Performance of the 2.5 mm circular orifice vacuum cylinder under varying suction pressure for 

groundnut seed. 

S. No. Suction pressure inside 

vaccume cylinder, Pa 

Particulars of seeds per hill (%) picking 

1 4500 Skip (0) 15 

Single (1) 85 

Multiple (>1) 0 

2 

 

 

5000 Skip (0) 0 

Single (1) 96 

Multiple (>1) 4 

3 5500 Skip (0) 0 

Single (1) 93 

Multiple (>1) 7 

*desired number of seeds per hill (1). 

 

Table 5. Performance of the 2.5 mm circular orifice vacuum cylinder under varying suction pressure for maize 

seed. 

S. No. Suction pressure inside 

vaccume cylinder, Pa 

Particulars of seeds per hill (%) picking 

1 3500 Skip (0) 14 

Single (1) 86 

Multiple (>1) 0 

2 4000 Skip (0) 0 

Single (1) 97 

Multiple (>1) 3 

3 4500 Skip (0) 0 

Single (1) 94 

Multiple (>1) 6 

*desired number of seeds per hill (1). 
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Table 6. Performance of the 2.5 mm circular orifice vacuum cylinder under varying suction pressure for 

pigeonpea seed. 

S. No. Suction pressure inside 

vaccume cylinder, Pa 

Particulars of seed per orifice  (%) Picking  

1 1500 Skip (0) 17 

Single (1) 83 

Multiple (>1) 0 

2 2000 Skip (0) 0 

Single (1) 95 

Multiple (>1) 5 

3 2500 Skip (0) 0 

Single (1) 92 

Multiple (>1) 8 

*desired number of seeds per hill (1) 

 

 
Fig. 7. Performance of the 2.5 mm circular orifice vacuum  cylinder under varying suction pressure for 

groundnut seed. 

 

 
Fig. 8. Performance of the 2.5 mm circular orifice vacuum cylinder under varying suction pressure for Maize 

seed 

  
Fig. 9.  Performance of the 2.5 mm circular orifice vacuum cylinder under varying suction pressure for 

Pigeonpea seed 
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Metering efficiency of vacuum planter 

Metering efficiency of the vacuum planting at 

different pressure levels and is presented in Table 4.5 

it was observed that with the increase in suction 

pressure inside the vaccume cylinder the metering 

efficiency also increased from 93.33 to 111.33 

percent as pressure increased from 4500 to5500 Pa 

for groundnut seeds and for maize seeds metering 

efficiency increased from 90 to 112.22 percent as 

pressure increased from 3500 to 4500 Pa and for 

pigeonpea seeds metering efficiency increased from 

91.11 to 113.33 percent as pressure increased from 

1500 to 2500 Pa. 

 

Table 7. Effect of suction pressure in the vacuum drum on the metering efficiency of metering mechanism, for 

groundnut maize and pigeonpea seeds 

S. No. Seeds Suction pressure in 

vacuum rod, Pa 

Metering efficiency of 

metering mechanism ,(%) 

1 Groundnut 4500 93.33 

5000 106.67 

5500 111.33 

2 Maize 3500 90 

4000 108.88 

4500 112.22 

3 

 

Pigeonpea 1500 91.11 

2000 110 

2500 113.33 

 

Seed: Groundnut 

At suction pressure of  5000 Pa and 5500 Pa the 

metering efficiency was more than 100 percent 

(106.67 and 111.33). This was because the number of 

seeds per hill was more than the desired one (1). It is 

seen from the Table 7 and Fig. 10  that metering 

efficiency is sensitive to supply suction pressure. 

Because the increased suction pressure sucked the 

more number of seeds. Similar findings were 

reported by( Shearer and Holmes, 1991). The 

metering efficiency of the planting system was 

obtained 106.67 percent at suction pressure 5000Pa. 

While the same pressure gave maximum percent 

frequency (96 %) for the desired number of seeds 

(1). Thus it is conclude that the pressure 5000 Pa is 

sufficient to meter groundnut seed. 

 

Seed: Maize 

At suction pressure of 3500, 4000 and 4500 the 

metering efficiency was more than 100 percent 

(108.88 and 112.22). This was because the number of 

seeds per hill was more than the desired one (1). It is 

seen from the Table 7 and Fig. 11  that metering 

efficiency is sensitive to supply suction pressure. 

Because the increased suction pressure sucked the 

more number of seeds. The metering efficiency of 

the planting system was obtained 108.88 percent at 

suction pressure 4000 Pa. While the same pressure 

gave maximum percent frequency (97 %) for the 

desired number of seeds (1). Thus it is conclude that 

the pressure 4000 Pa is sufficient to meter maize 

seed. 

 

Seed: Pigeonpea 
At suction pressure of 1500, 2000 and 2500 the 

metering efficiency was more than 100 percent (110 

and 113.33). This was because the number of seeds 

per hill was more than the desired one (1). It is seen 

from the Table 7 and Fig 12  that metering efficiency 

is sensitive to supply suction pressure. Because the 

increased suction pressure sucked the more number 

of seeds. The metering efficiency of the planting 

system was obtained 110 percent at suction pressure 

2000 Pa. While the same pressure gave maximum 

percent frequency (92 %) for the desired number of 

seeds (1). Thus it is conclude that the pressure 2000 

is sufficient to meter pigeonpea seed. 

 

 
Fig. 10. Effect of suction pressure in the vacuum drum on the metering efficiency of metering mechanism for 

Groundnut 
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Fig. 11. Effect of suction pressure in the vacuum drum on the metering efficiency of metering mechanism for 

Maize 

 
Fig. 12. Effect of suction pressure in the vacuum drum on the metering efficiency of metering mechanism for 

pigeonpea. 

 

CONCLUSION 

 

1. Suitable planting mechanism attachment enables 

the implement to perform planting of groundnut, 

maize and pigeonpea seeds. 

2. Metering cylinder mechanism performed well 

with the metering efficiency of 106.67 % for 

groundnut , 108.88 % for Maize and 110 % for 

pigeonpea seed. 
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Abstract: Fresh weight and dry weight are important in deciding the growth of plants. They are related to health of plants. 

Therefore, studies have been carried out on dry weight and fresh weight of seedlings of Capsicum Frutescens var. California 

wonder and Sweet magic under the influence of simulated acid rain, auxin as well as interactive effect of both of them at 

different concentrations during present study and optimum concentration has been determined for the best growth.  

 

Keywords : Simulated acid rain, Auxin , Fresh weight , Dry weight 

 

INTRODUCTION 

 

ealth and growth of seedling decides future of 

plant. Crop yield of plants as well as their food 

value are decided by the dry weight and fresh weight 

of seedling. Germination and seedling growth are the 

factors on which the fresh weight and dry weight of 

seedling depend. Germination percentage is lower 

under highly acidic conditions i.e.  pH 3.0 (M. 

Sharma, 2014; Kumar and Singh, 1987). Growth of 

root and shoot system decrease with increase in 

acidity in ground nut seedling (Anitha et al., 1992). 

Zabawi et al. (2008) also reported decrease in 

germination percentage at pH5.0. Germination and 

growth also decreased in grass at pH3.0 and pH5.0 

(Simona et al., 2009). Hindwai et al. (1980) reported 

decrease in dry weight under acidic conditions which 

indicate that lesser germination percentage decreases 

dry weight. Ashenden and Bell (1989) observed 

reduction in total plant dry weight by 40% for Vicia 

Feba, 30% for Pisum Sativum and 28% for Pisum 

Multflorus when they were exposed to pH2.5 as 

compared to pH5.6. Hence, the dry weight and fresh 

weight are also related to germination and growth of 

seedling. Greater the pH, greater will be the growth 

of seedling as well as dry weight and fresh weight of 

seedling. In order to get greater yield in Capsicum 

Frutescens, dry weight and fresh weight under acidic 

conditions; in presence of plant growth hormone 

(Indole acetic acid, IAA) as well as interactive effect 

of both was studied. Acidic rain of pH3.0, pH4.0 and 

pH5.0, Auxin solution of the concentrations 1 x 10
-5

, 

1 x 10
-6 

and 1 x 10
-7

 M were used and combinations 

of pH and Auxin 3.0 + 1 x 10
-5

 M, 3.0+ 1 x 10
-6 

M, 

3.0 + 1 x 10
-7

 M ; 4.0 + 1 x 10
-5

 M, 4.0 + 1 x 10
-6

M 

,4.0 +1 x 10
-7

 M and 5.0 + 1 x 10
-5

 M, 5.0 + 1 x 10
-6

 

M and 5.0 + 1 X 10
-7

 were chosen for study.  

 

MATERIAL AND METHOD 
 

Seeds in experimental group were treated with acid 

rain, Auxin and combination of acid rain and Auxin, 

as per Table 1. After fifth day of radicle emergence, 

the seedling parts were dissected and parameters 

fresh weight and dry weight of radicle and plumule 

were determined. 

  

Table 1. 

1
st
 set 

2
nd

 set 

3
rd

 set 

4
th

 set 

5
th

 set 

6
th

 set 

7
th

 set 

8
th

 set 

9
th

 set 

10
th

 set 

11
th

 set 

12
th

 set 

13
th

 set 

14
th

 set 

Control- distilled water 

Acid rain - pH 3.0 

Acid rain - pH 4.0 

Acid rain - pH 5.0 

1x10
-5

 M Auxin 

1x10
-6

 M Auxin 

1x10
-7

 M Auxin 

Acid rain pH 3.0 + 1x10
-5

M Auxin 

Acid rain pH 3.0 + 1x10
-6

M Auxin 

Acid rain pH 3.0 + 1x10
-7

 M Auxin
 

Acid rain pH 4.0 + 1x10
-5

 M Auxin 

Acid rain pH 4.0 + 1x10
-6

 M Auxin 

Acid rain pH 4.0 + 1x10
-7

 M Auxin
 

Acid rain pH 5.0 + 1x10
-5

 M Auxin
 

H 
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15
th

 set 

16
th

 set 

Acid rain pH 5.0 + 1x10
-6

 M Auxin 

Acid rain pH 5.0 +1x10
-7

 M Auxin 

 

Table 2. Effect of simulated acid rain (pH 3.0, 4.0, 5.0) on Fresh  and Dry weight (mg ±SD) after 5th day of 

radicle emergence in the  seedlings of Capsicum  frutescens  var. california wonder and sweet magic 

Treatment 

California wonder Sweet magic 

Fresh weight Dry weight Fresh weight Dry weight 

Control 499.8 41.8 392.9 24.9 

 
± 48.4 ± 4.6 ± 68.1 ± 5.7 

3.0 194.3 16.2 201 16.8 

 
± 35.5 ± 3.0 ± 35.6 ± 3.0 

4.0 286.8 23.9 290.8 24.2 

 
± 37.4 ± 3.1 ± 34.5 ± 2.9 

5.0 392 32.7 318.8 26.6 

 
± 48 ± 4.0 ± 40.5 ± 3.4 

 

Table 3. Effect of  Auxin (1x10
-5

, 1 x10
-6

, 1 x 10
-7

 M) on Fresh  and Dry weight (mg ±SD) after 5th day of 

radicle emergence in the  seedlings of Capsicum frutescens var. california wonder and sweet magic 

Treatment 
California wonder Sweet magic 

Fresh weight Dry weight Fresh weight Dry weight 

Control 499.8 41.8 392.9 24.9 

 
± 48.4 ± 4.6 ± 68.1 ± 5.7 

1x10
-5

 M 507.4 42.3 533.9 44.5 

  ± 83.9 ± 7.0 ± 62.6 ± 5.2 

1 x10
-6

 M 474.5 39.5 472 39.3 

  ± 77.6 ± 6.5 ± 22.7 ± 1.9 

1 x10
-7

 M 471.7 39.3 326 27.2 

 ± 75.7 ± 6.3 ± 60.0 ± 5.0 

 

Table 4.  Interactive effect of  acid rain ( pH 3.0,4.0 and 5.0 ) and Auxin (1x10
-5 

1 x10
-6

, 1x10
-7

 M) on Fresh  

and Dry weight (mg ±SD) after 5th day of radicle emergence in the  seedlings of Capsicum frutescens var. 

california wonder and sweet magic 

Treatment 

 

California wonder  Sweet magic  

 Fresh weight Dry weight Fresh weight Dry weight  

Control 499.8 41.8 392.9 24.9 

  ± 48.4 ± 4.6 ± 68.1 ± 5.7 

3.0 + 1x10
-5

 M 270.5 22.5 360 30 

  ± 55.7 ± 4.6 ± 15.5 ± 4.3 

3.0 + 1x10
-6

 M 463.3 38.6 405.5 33.8 

  ± 48.6 ± 4.0 ± 58.9 ± 4.9 

3.0 + 1x10
-7

 M 382.8 31.9 482.2 40.2 

  ± 65 ± 5.4 ± 91.1 ± 7.6 

4.0 + 1x10
-5

 M 319 29 375.7 34.2 

  ± 71.1 ± 6.5 ± 54.8 ± 5.0 

4.0 + 1x10
-6

 M 265.1 22.1 319.8 26.7 

  ± 17.7 ± 1.5 ± 96.5 ± 8.00 

4.0 + 1x10
-7

 M 341.6 28.5 429.8 35.8 

  ± 39.6 ± 3.3 ± 75.3 ± 6.3 

5.0 + 1x10
-5

 M 277.5 23.1 271.8 22.6 

  ± 64.0 ± 5.3 ± 53.4 ± 4.4 
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5.0 + 1x10
-6

 M 293.3 24.4 356.4 29.7 

  ± 50 ± 4.2 ± 83.6 ± 7.00 

5.0 + 1x10
-7

 M 396.8 33.1 294.5 24.5 

  ± 59.1 ± 4.9 ± 294.5 ± 5.8 

 

RESULT 

Fresh and Dry weight of seedlings 

 

Table-2 shows the effect of treatment of simulated 

acid rain of different concentrations (pH 3.0, 4.0 and 

5.0) on fresh and dry weight of seedlings (Radicle 

and plumule) of Capsicum frutescens var. California 

wonder and Sweet magic. It is seen from the table 

that in var. California wonder, on treatment with 

simulated acid rain (pH 3.0, pH 4.0 and pH 5.0), 

fresh weight of the seedling is 38.88 %, 57.38 % and 

78.43 % of control respectively. In case of dry 

weight, when the treatment of simulated acid rain 

(pH 3.0, pH 4.0 and pH 5.0) is given to the seedlings 

the dry weight is 38.76%, 57.17% and 78.23% of the 

control respectively. 

In var. Sweet magic, fresh weight of seedlings is 

51.15%, 74.00% and 81.12% of control respectively 

at the treatment of simulated acid rain (pH 3.0, pH 

4.0 and pH 5.0). When the treatment of simulated 

acid rain of pH 3.0, pH 4.0 and pH 5.0 is given to the 

seedlings, the dry weight is 67.46 %, 97.18 % and 

106.82 % of the control respectively. 

Table-3 shows the effect of treatment of Auxin 

(1x10
-5

, 1x10
-6

, 1x10
-7 

M) on fresh and dry weight of 

seedlings of Capsicum frutescens var. California 

wonder as well as Sweet magic. It is observed that 

when the treatment of 1x10
-5

, 1x10
-6

, 1x10
-7 

M 

concentration of auxin is given, the fresh weight of 

the seedling (radicle and plumule) is 101.52 %, 

94.94% and 94.37 % whereas the dry weight is 

101.19 %, 94.49 % and 94.02% of the control 

respectively in var. California wonder. 

In var. Sweet magic, Fresh weight of seedlings at the 

treatment of 1x10
-5

, 1x10
-6

, 1x10
-7 

M is 135.88%, 

120.10% and 82.95% of control respectively while at 

the same treatment, the dry weight is 178.71%, 

157.83 % and 109.23% of the control respectively. 

Table-4 expresses the Interactive effect of treatment 

of simulated acid rain and auxin on fresh and dry 

weight of seedlings (Radicle and Plumule) of 

Capsicum frutescens var. California wonder and 

Sweet magic.  In var. California wonder, when the 

seeds are treated with simulated acid rain and auxin 

(pH 3.0+1x10
-5

 M, pH 3.0+1x10
-6

 M, pH 3.0 + 1x10
-

7
M ), the fresh  weight is 54.12 %, 92.70 % and 

76.59 %  of the control respectively. Upon being 

treated with simulated acid rain and auxin (pH 

4.0+1x10
-5

 M, pH 4.0+1x10
-6

 M, pH 4.0+1x10
-7 

M), 

the fresh  weight is 63.83 %, 53.04 % and 68.35 % of 

the control respectively. At the treatment of 

simulated acid rain and auxin (pH 5.0+1x10
-5

 M, pH 

5.0+1x10
-6

 M, pH 5.0+1x10
-7 

M), the fresh weight is 

55.52 %, 58.68 % and 79.39 % of the control 

respectively.  

When the seeds are treated with simulated acid rain 

and auxin  (pH 3.0+1x10
-5

M, pH 3.0+1x10
-6

 M, pH 

3.0 + 1x10
-7

M ), the dry weight is 53.83 %, 92.34 % 

and 76.32 % of the control respectively. When the 

treatment of simulated acid rain and auxin (pH 

4.0+1x10
-5 

M, pH 4.0+1x10
-6

 M, pH 4.0+1x10
-7

M) is 

given to the seeds, the dry weight is 69.38 %, 52.87 

% and 68.18 % of the control respectively. At the 

treatment of simulated acid rain and auxin (pH 

5.0+1x10
-5

 M, pH 5.0+1x10
-6 

M, pH 5.0+1x10
-7

M) to 

the seeds, the dry weight is 55.26 %, 58.37 % and 

79.19 % of the control respectively. 

In var. Sweet magic, it is seen that when the seeds are 

treated with simulated acid rain and auxin 

(Ph3.0+1x10
-5

M, pH 3.0+1x10
-6

 M, pH 3.0 + 1x10
-

7
M ), fresh  weight is 91.60 %, 103.18 % and 122.7 

% of the control respectively. At the treatment of 

simulated acid rain and auxin (pH 4.0+1x10
-5

 M, pH 

4.0+1x10
-6

 M, pH 4.0+1x10
-7

M), the fresh  weight is 

95.60 %, 81.37 % and 109.36 % of the control 

respectively. At the treatment of simulated acid rain 

and auxin (pH 5.0+1x10
-5

 M, pH 5.0+1x10
-6

 M, pH 

5.0+1x10
-7 

M), the fresh  weight is 69.16 %, 90.69 % 

and 74.94 % of the control respectively.  

When the seeds are treated with simulated acid rain 

and auxin (pH 3.0+1x10
-5

M, pH 3.0+1x10
-6

 M, pH 

3.0 + 1x10
-7

M ), the dry weight is 120.48 %, 135.74 

% and 161.44 % of the control respectively. When 

the treatment of simulated acid rain and auxin (pH 

4.0+1x10
-5

 M, pH 4.0+1x10
-6

M, pH 4.0+1x10
-7

M) is 

given to the seeds, the dry weight is 137.34%, 107.22 

% and 143.77 % of the control respectively. At the 

treatment of simulated acid rain and auxin (pH 

5.0+1x10
-5

 M, pH 5.0+1x10
-6

 M, pH 5.0+1x10
-7 

M), 

the dry weight is 90.76%, 119.28 % and 98.39 % of 

the control respectively. 

 

DISCUSSION 

 

Fresh and dry weight of seedling also show declining 

trend as the acidity of rain increases in var. california 

wonder as well as sweet magic. In var. california 

wonder, on treatment with simulated acid rain (pH 

3.0, 4.0 and 5.0), fresh weight of the seedling is 

38.88%, 57.38% and 78.43% of control respectively. 

In case of dry weight, when the treatment of 

simulated acid rain (pH 3.0, 4.0 and 5.0) is given, the 

seedling growth is 38.76%, 57.17% and 78.23% of 

the control respectively.  

In var. sweet magic, fresh weight of seedlings is 

51.15%, 74.00% and 81.12% of control respectively 

on the treatment with simulated acid rain of pH 3.0, 

4.0 and 5.0. The values of dry weight of seedlings for 

this variety recorded on treatment with simulated 



354 MEENAKSHI SHARMA, VINAY PRABHA SHARMA AND SANJEEV KUMAR  

acid rain of pH 3.0, 4.0 and 5.0 are 67.46%, 97.18% 

and 106.82% of control respectively. 

In this study, results of effect of acid rain on fresh 

weight and dry weight of seedlings are supported by 

the results of the researchers Fan, et. al. (2000) on 

fine hardwood species; Lee and Weber (1979) and 

Shelburne et. al. (1993).   

Dry as well as fresh weight of seedling (i.e. radicle 

and plumule) in var. california wonder are highest at 

1x10
-5 

M. At 1x10
-6 

M and 1x10
-7 

M concentration, 

they decrease in order of concentration when 

comparison is done with control. The percentage of 

dry weight and fresh weight with respect to control is 

101.52% and 101.19% at 1x10
-5 

M auxin, 94.93% 

and 94.49% at 1x10
-6 

M Auxin, 94.38% and 94.02% 

at 1x10
-7 

M. This data indicates that water retention 

capacity in all the seedlings produced by germination 

of soaked seed at 1x10
-5 

M, 1x10
-6 

M and 1x10
-7 

M is 

the same. In sweet magic variety also, trend for fresh 

weight and dry weight are same but magnitudes of 

dry weights are much higher than control. The effect 

is less pronounced at 1x10
-7 

M auxin. It is clear from 

data here that fresh weights and dry weights of 

seedlings are also variety specific.  

The increase in dry matter of the seedlings obtained 

from IAA soaked seeds may be due to rapid cell 

division, enlargement of cells and accumulation of 

building units (Mostafa and Alhamd, 2011). 

However, the effects are not directly related to auxin 

concentration (Taylor,1938).  

Fresh as well as dry weight of seedling in var. 

California wonder [radicle+plumule] is highest at the 

combination pH 3.0+1x10
-6

 M and lowest at pH 

4.0+1x10
-6

 M auxin. Optimum concentration for 

fresh weight is pH 3.0+1x10
-6

 M, where the fresh 

weight is 93.7% of control. Therefore, visible 

consequence is that destructive effect of acid rain on 

the growth of plant cannot be totally overcome by 

auxin of 1x10
-6

 M level. In var. sweet magic, highest 

fresh weight is at pH 3.0+1x10
-7 

M auxin and 

minimum value has been found at pH 5.0+1x10
-5 

M. 

For dry weight in var. sweet magic the most effective 

concentration is pH3.0+1x10
-7 

M of auxin and least 

effective is pH5.0+1x10
-5 

M auxin. Thus effect of 

combination is again variety specific. 

 

CONCLUSION 

 

Fresh weight as well as dry weight decrease under 

highly acidic condition i.e. at pH 3.0. Auxin 

increases dry weight and fresh weight and damaging 

effect of acidic rain can be controlled through auxin 

to some extent. Optimum combination of  pH and 

auxin concentration for fresh weight is 3.0 + 1x 10 
-6 

M in california wonder and for sweet magic it is 3.0 

+ 1x 10 
-7

 M . Thus interactive effect is variety 

specific.  
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Abstract: Gladiolus occupies a pristine place in the garden for its magnificent inflorescence, wide array of colours, and 

fascinating varieties of shapes and sizes. The demand for gladiolus cut flower is gaining momentum with increasing 

aesthetic sense and higher socio-economic standard of the people. Owing to its ever increasing demand every year at a 

galloping speed has now created enough opportunities for economic growth potential in future. Hence, to evaluate economic 

viability of cultivation as a commercial cut flower crop the present investigation was carried out under open field condition. 

Economics study showed that there is a significant difference with respect to genotypes. Among the different genotypes 

studied highest gross returns were obtained from genotype Arka Amar (Rs. 17,58,000/ha), followed by Tilak (Rs. 

12,78,000/ha), Sagar (Rs. 12,78,000/ha) and Aarti (Rs. 12,42,000/ha) with a net return of Rs. 12,75,050, 795050, and Rs. 

759050/ha, respectively compared to other genotypes grown under open field condition. The investment in gladiolus crop 

was found to be economically sound and highly remunerative as these genotypes produce highest yield (flower spikes) per 

hectare resulted in maximum B:C ratio of 2.64, 1.65 and 1.5 respectively, hence the same can be exploited for commercial 

cultivation to meet the increasing global demand. 

 

Keywords: Gladiolus, Genotypes, Economics, B:C ratio, Open field condition 

 

INTRODUCTION 

 

ladiolus (Gladiolus hybridus L.) is an important 

bulbous ornamental plant prized for its beauty 

of spikes as well as longer vase. It is the leading 

geophyte grown worldwide and it is one of the most 

attractive and popular bulbous flowers, known for its 

majestic spikes possessing attractive, elegant and 

delicate florets. There is no flower to surpass its 

beauty due to its long lasting spikes occurring in 

striking colors as unicoloured, bicoloured or 

multicoloured.  Tournefort christened Gladiolus as a 

genus, which was accepted by Linnaeus in botanical 

literature (Lewis et al., 1972). The genus Gladiolus is 

a member of family Iridaceae and sub-family 

Ixioideae (Goldblatt, 1991). In Europe it is called as 

Corn flag because Gladiolus illyricus was found to 

be weed in corn field. Popularity of this crop as a cut 

flower is increasing day by day because of its 

attractive flower spikes and availability in wide range 

of colors of the florets, varying number of florets and 

their size, wide range of keeping quality and 

adaptability to different seasons. These characters 

have made it very attractive for use as a cut flower, 

vase and bouquet preparation, growing in herbaceous 

borders, beddings, rockeries and pot cultivation. At 

present there are about 255 species (Pragya et al., 

2010b) in gladiolus, the modern cultivars of G. 

grandiflora are believed to be originated from a 

number of wild species viz., G. cruentus, G. 

natalensis, G. oppositiflorus, G. papilio and G. 

saundersii (Barnard, 1972; Imanishi, 1989). It 

occupies a pristine place in the garden for its 

magnificent inflorescence, wide array of colours, and 

fascinating varieties of shapes and sizes. It ranks fifth 

next to tulip , lily (Lilium spp), freesia (Freesia spp) 

and hippeastrum (Hippeastrum spp) among the 

geophytes in international florist trade (Flower 

Council of Holland 2008) and first in domestic 

bulbous flower trade. The major gladiolus cut flower 

producing countries are USA, Holland, Italy, France, 

Poland, Bulgaria, Brazil, Australia and Israel. In 

Europe, gladiolus has been popular for over 500 

years, whereas in India, it is of comparatively recent 

introduction and gained importance as a modern cut 

flower only in the recent past. The modern cultivars 

are derived from inter specific crosses among several 

species. There was not any in depth study regarding 

the economics and marketing of floriculture. 

However, some researchers have conducted 

economics and marketing studies of floriculture. 

Since gladiolus cultivation is an upcoming business 

opportunity especially in India, it is essential to work 

out the economics, which ultimately reflects on cost 

of cultivation and finally to recommend the suitable 

genotypes to produce desired quantity and quality of 

flowers for domestic as well as export market is of 

greater importance. Keeping all these point in view 

the present investigation was carried out to work out 

the economics of gladiolus genotypes cultivation in 

open field condition. 

 

MATERIAL AND METHOD 
 

The present investigation was carried out at the 

experimental block of the Department of Floriculture 

and Landscape Architecture, College of Horticulture, 

Mudigere is situated in hill zone of Karnataka at 13
0 

7΄ North latitude, 75
0
 37΄ East longitude with an 

altitude of 982 m above mean sea level. It receives an 

G 
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annual mean rainfall of 2486.7 mm. Twenty  

gladiolus genotypes  viz., Greenstar, King Lynn, 

Magma, Liemonocello, Algarve, Cheops, Pinklady, 

Bangladesh, Poonam, Arka Naveen, Shobha, Tilak, 

Arka Amar, Arka Gold, Aarti, Arka Kesar, Kum 

Kum, Sagar, Anjali and Charms Flow were selected 

to study economic feasibility and profitability under 

open field condition. 

The experiment was laid out in randomized block 

design with three replications. Well-decomposed 

farmyard manure was applied before land 

preparation at the rate of 25t/ha and mixed well in to 

soil. Fertilizers were applied at the rate of 20:60:20g 

NPK/plot of 1.44sq m area. 50% of nitrogen and full 

dose of phosphorous and potash were applied as 

basal dose and remaining 50% of nitrogen was 

applied at 45 days after planting. Before planting, 

corms were dipped in carbendizim (0.2%) solution 

for 10 minutes and dried under shade. Planting was 

taken up at 30 x 20 cm  spacing to a depth of  5-6cm 

in plots of 1.2x1.2 m size. Light irrigation was given 

immediately after planting and plots were kept weed 

free by hand weeding. Irrigation was given at regular 

intervals as to maintain adequate soil moisture in the 

soil. Pest and disease control measures were taken up 

whenever necessary. The economics of gladiolus 

cultivation in open field condition (1ha) was worked 

out by considering the price of planting material, 

fertilizers, chemicals and other inputs. 

 

RESULT AND DISCUSSION 

 

Flower quality parameter decides the significance of 

suitability of the particular genotypes, for 

commercial cultivation. The important biometric 

characters deciding the size and nature of flowers are 

spike length, rachis length, number of florets per 

spike, floret length , floret diameter, flower yield per 

plant and vase life. Significant differences were 

observed among the genotypes for these flower 

quality parameters and the same is depicted in Table 

1. 

Economics of gladiolus genotypes for one hectare are 

presented in Table 2. Different cost components of 

gladiolus production were evaluated and found that 

total cost of gladiolus cultivation was Rs. 

4,82,950/ha including  planting  material (4,50,000), 

Fertilizers (12,450), plant protection chemicals 

(1500), Ploughing, land preparation and planting 

(9000), Intercultivation and weeding (3000), 

Irrigation and Harvesting and miscellaneous charges 

were 7000. The economic returns was computed by 

deducting total cost and the cost incurred for flower 

production from the gross receipts obtained from the 

sale of flowers. The economic returns was computed 

by deducting total cost and the cost incurred for 

flower production from the gross receipts obtained 

from the sale. The economic analysis revealed that, 

the maximum gross returns (Rs. 17,58,000/ha) were 

obtained from the genotype Arka Amar followed by 

Tilak and Sagar (Rs. 12,78,000/ha) with a net return 

of 12,75,050 and  795050, respectively compared to 

other genotypes grown under open field condition 

Table 3. Genotype Arka Amar has recorded the 

maximum yield (4,39,500/ha) followed by Tilak and 

Sagar (12,78,000 flower spikes/ha) and Aarti 

(12,42,000), respectively. The increased yield in 

these cultivars might be attributed to the greater leaf 

area and more number of leaves would have resulted 

in production and accumulation of maximum 

photosynthates, resulting in the production of more 

number of flowers which ultimately fetches highest 

returns per unit area.  The results are in accordance 

with the findings of  Pragya et al. (2010a), Neha et 

al. (2012) and Geeta et al. (2014) in gladiolus.

          

Table 1. Flower yield and quality parameters in different genotypes of gladiolus grown under open field 

condition 

Genotypes 

 

Spike 

length 

(cm) 

Rachis 

length 

(cm) 

Number of 

florets per 

spike 

Floret 

length 

(cm) 

Floret 

diameter 

(cm) 

Flower yield 

per  plant 

(No’s) 

Vase life 

(days) 

Greenstar 62.93 41.47 12.60 9.65 9.12 1.00 8.00 

King Lynn 70.07 50.07 11.40 10.21 10.83 1.00 8.00 

Magma 74.27 57.00 17.00 10.55 10.87 1.00 8.27 

Liemonocello 66.00 45.40 12.27 9.53 9.01 1.00 7.67 

Algarve 48.60 36.67 9.27 9.83 10.13 1.00 6.60 

Cheops 68.80 45.40 13.27 9.95 10.03 1.00 8.07 

Pinklady 54.87 38.83 11.87 8.61 8.87 1.00 7.47 

Bangladesh 63.73 41.93 12.60 10.01 9.58 1.00 8.13 

Poonam 73.00 49.67 13.60 8.36 8.65 1.00 8.00 

Arka Naveen 81.47 56.67 17.33 10.77 10.54 2.00 9.00 

Shobha 75.47 56.13 16.20 9.41 8.99 1.80 8.00 

Tilak 77.20 57.27 15.93 10.82 11.19 2.13 9.00 

Arka Amar 66.07 50.53 14.67 10.01 8.93 2.93 8.00 

Arka Gold 73.33 50.27 11.53 8.42 8.14 1.87 7.07 

Aarti 54.27 37.40 10.87 8.13 7.67 2.07 7.00 
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Arka Kesar 77.87 58.67 19.13 10.68 10.76 2.00 9.00 

Kum Kum 68.07 51.00 14.00 10.25 10.05 2.00 8.00 

Sagar 90.73 69.73 18.60 10.34 10.26 2.13 9.00 

Anjali 71.93 57.40 13.53 9.90 9.18 1.00 7.87 

Charms Flow 73.40 40.47 12.93 9.65 9.04 1.00 8.07 

S.Em± 1.59 1.76 0.47 0.20 0.29 0.09 0.16 

CD @ 5% 4.54 5.04 1.35 0.57 0.83 0.27 0.46 

 

Table 2. Cost of cultivation for one hectare cut flower production of different gladiolus genotypes under open 

field condition 

Particulars Quantity Rate unit (Rs.) Total cost (Rs/ha) 

I.          Inputs  

      1    Corms  1,50,000 @ 3/each 4,50,000 

      2   Fertilizers    

           a. Urea 150 kg @ 5/kg 750 

           b. Single super phosphate 100 kg @ 15/kg 1500 

           c. Muriate of potash 100 kg @ 12/kg 1200 

           d. FYM 30 tons @ 300/t 9000 

 
  12,450 

    3 Plant protection chemicals    

            a. Bavistin 2 kg @ 500kg 1000 

            b. Chlorpyriphos  2 liter @ 250lt 500 

II.  Labour charges 

    a. Ploughing, land preparation  and planting  
(60 labourers @ 

Rs.150/labour) 
9000 

     b. Intercultivation and weeding    3000 

     c. Irrigation   2000 

     d. Harvesting and miscellaneous charges   5000 

Total cost of cultivation (Rs.) 4,82,950 
 

Table 3. Economics of cut flower production (hectare) of different gladiolus genotypes under open field 

condition 

Sl. 

No. 

Genotypes 

 

Total cost 

(Rs.) 

Flower yield/  

plant (No. of 

spikes) 

Flower  

yield /ha 

 (No. of 

spikes) 

Gross return 

(@ Rs. 4per 

spike) 

Net returns 

(Rs.) 

Benefit to 

cost ratio 

(BCR) 

1 Greenstar 4,82,950 1.00 1,50,000 6,00,000 117050 0.24 

2 King Lynn 4,82,950 1.00 1,50,000 6,00,000 117050 0.24 

3 Magma 4,82,950 1.00 1,50,000 6,00,000 117050 0.24 

4 Liemonocello 4,82,950 1.00 1,50,000 6,00,000 117050 0.24 

5 Algarve 4,82,950 1.00 1,50,000 6,00,000 117050 0.24 

6 Cheops 4,82,950 1.00 1,50,000 6,00,000 117050 0.24 

7 Pinklady 4,82,950 1.00 1,50,000 6,00,000 117050 0.24 

8 Bangladesh 4,82,950 1.00 1,50,000 6,00,000 117050 0.24 

9 Poonam 4,82,950 1.00 1,50,000 6,00,000 117050 0.24 

10 Arka Naveen 4,82,950 2.00 3,00,000 12,00,000 717,050 1.48 

11 Shobha 4,82,950 1.80 2,70,000 10,80,000 597050 1.23 

12 Tilak 4,82,950 2.13 3,19,500 12,78,000 795050 1.64 

13 Arka Amar 4,82,950 2.93 4,39,500 17,58,000 12,75,050 2.64 

14 Arka Gold 4,82,950 1.87 2,80,500 11,22,000 639050 1.32 

15 Aarti 4,82,950 2.07 3,10,500 12,42,000 759050 1.57 

16 Arka Kesar 4,82,950 2.00 3,00,000 12,00,000 717050 1.48 

17 Kum Kum 4,82,950 2.00 3,00,000 12,00,000 717050 1.48 

18 Sagar 4,82,950 2.13 3,19,500 12,78,000 795050 1.65 

19 Anjali 4,82,950 1.00 1,50,000 600000 117050 0.24 

20 Charms Flow 4,82,950 1.00 1,50,000 600000 117050 0.24 
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Benefit cost ratio is an important factor which 

decides the optimum levels of input to be used for 

maximization of production and returns of crop. The 

genotypes Arka Amar (2.64), Tilak (1.65), Sagar 

(1.65) and Aarti (1.50) had maximum B:C ratio of 

2.50, 2.00 under open field condition and are highly 

remunerative compared to other genotypes studied 

whereas, some of the genotypes had less B:C ratio 

due to their poor performance in terms of yield, 

flowering behaviour and susceptibility to biotic 

factors. This was in accordance with the reports of 

Muhammad and Muhammad (2013) and Singh et al. 

(2014). 

 

CONCLUSION 
 

Floral business is in progress though on limited scale, 

but every growing demand of flowers has resulted in 

need to explore potential for expansion of this 

enterprise. The study results were highly encouraging 

with respect to higher economic return of 

floriculture. The average net income of obtained 

from gladiolus ranged from Rs. 117050 to 12,75,050 

per hectare. Moreover, the return per rupee spent 

ranged from Rs. 0.24 to 2.64. From the study it can 

be concluded that, cultivation of genotypes under 

open field condition  in hill zone of Karnataka, will 

be highly economical hence,  these genotypes can be 

undertaken for commercial production to produce 

desired quantity and quality of flowers to meet the 

growing domestic as well as international market for 

this flower crop. 
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Abstract: Conservation tillage and nitrogen may improve soil fertility, yield on sustainable basis. The aim of this study was 

to evaluate the impact of three tillage systems viz. zero (ZT), reduced (RT), and conventional tillage (CT) with or without 

residue retention/incorporation and five N rates (0, 80, 120, 160, and 200 kg·N·ha-1) on yield and grain quality, soil health 

i.e. soil organic matter (SOC), bulk density, infiltration rate and microbial biomass carbon of wheat (Triticum aestivum L.). 

Nitrogen rates significantly affected yield and quality with highest values recorded at 200 kg·N·ha-1. Mean maximum grain 

yield (46.13 and 47.18 q ha-1 and protein % 11.1 to 12.1%, gluten 10.6% and starch 63.5 to 67.5%) could be achieved at 160 

kg·N·ha-1. The use of ZT with residue retention and RT with residue retention for two crop cycle increased soil organic 

carbon by 54.68% and 54.22% more than that of conventional tillage (CT), respectively. The SOC, WSOC, POC and MBC 

were highest in ZT compared to other tillage systems. Though tillage × N interactions were not significant for most of the 

parameters under study, the overall effect of ZT with 160 kg·N·ha-1 appeared to be most favourable compared to RT and CT. 

The results suggest that ZT with 160 kg·N·ha-1 was optimum and sustainable strategy to achieve higher yield and also to 

improve SOC and MBC on sandy loam soil of subtropical India. 

 

Keywords: Wheat; Tillage, Nitrogen, Grain quality, Soil health, Productivity  

 

INTRODUCTION 

 

heat (Triticum aestivum L.) is the world‘s 

leading cereal crop cultivated over an area of 

about 651 million tons making it the third most-

produced cereal after maize and rice. India achieved 

remarkable progress in wheat production during the 

last four decades and is the second largest wheat 

producer in the world with the production touching a 

record level of 93.90 mt an area of around 28.40 m 

ha during 2011-12 (Anonymous, 2012), production 

has increased tremendously but is still far below the 

potential yield (11.2 tonnes/ha) (Singh et al., 2010). 

Although, India is well placed in meeting its needs 

for food grains the major objective of food and 

nutritional secretary for its entire population has not 

been achieved. The demand for food grains is 

expected to rise not only as a function of population 

growth but also as more and more people cross the 

poverty line with economic and social development. 

Agricultural practices such as tillage methods are 

conventionally used for loosening soils to grow 

crops. But long-term soil disturbance by tillage is 

believed to be one of the major factors reducing SOC 

in agriculture Baker et al., 2007.Frequent tillage may 

destroy soil organic matter (SOM) Hernanz et al., 

2002 and speed up the movement of SOM to deep 

soil layers Shan et al., 2005. As a consequence, 

agricultural practices that reduce soil degradation are 

essential to improve soil quality and agricultural 

sustainability. Crop residue plays an important role 

in SOC sequestration, increasing crop yield, 

improving soil organic matter, and reducing the 

greenhouse gas (e.g. Zhang, 1998; West and Post, 

2002; Liu et al., 2006. As an important agricultural 

practice, straw return is often implemented with 

tillage in the production process. Although numerous 

studies have indicated that tillage methods combined 

with straw return had a significant effect on labile 

SOC fractions, the results varied under different 

soil/climate conditions. For example, both no-tillage 

and shallow tillage with residue cover had 

significantly higher SOC than conventional tillage 

without residue cover in Loess Plateau of 

China Chen et al., 2009, while Wang et al., 2013 

reported that the difference between the treatments of 

plowing with straw return and no-tillage with straw 

return on TOC in central China was not significant. 

Rajan et al., 2012 showed that in Chitwan Valley of 

Nepal, no-tillage with crop residue application at 

upper soil depth had distinctly higher SOC 

sequestration than conventional tillage with crop 

residue. The effects of tillage on soil labile organic C 

vary with regional climate Miller et al., 2004, soil 

condition (e.g. Diekow et al., 2005; Ouédraogo et al., 

2006; Yamashita et al., 2006, residue management 

practice, and crop rotation (e.g. Paustian et al.,1997; 

Puget and  Lal , 2005. 

Wheat (Triticum aestivum L.) is one of the most 

important cultivated crops, being grown in a wide 

range of environments that affect overall 

performance, particularly grain yield and end-use 

quality. Wheat yield and end-use quality depend 

upon the environment, and their interaction. Grain 

W 
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yield and quality of winter wheat are affected by 

several factors, and crop management has a very 

important role among them. Wheat grains are 

comparatively better source of protein consumed in 

India. About 10-12% protein requirement is met by 

wheat.  For achieving high yields and grain quality of 

wheat it is important to apply all the cultural 

practices completely and on time and adapt them to 

cultivars. The correct fertilizer application, 

particularly N is very important to achieve high 

yields and good grain quality of wheat. Besides 

regular nutrition of plants for achieving high yields 

and good quality, planting techniques play an 

important role. Nitrogen is the most limiting nutrient 

in crop production and its efficient use to increase 

food production is more than any other input; 

however, much use of N may cause environmental 

concerns such as nitrate leaching, eutrophication, and 

greenhouse gases emissions and reduce crop yield 

Malhi et al., 2001. Therefore, proper use of N is 

critical to optimize crop yield and minimize 

environmental damage. It has been estimated that 

40% - 60% of N-applied is taken up by wheat, which 

decreases as the N-input increases, resulting in 

higher residual soil N that can be readily leached 

Guarda et al., 2004. The present experiment was 

designed to evaluate the effect of tillage, N rates and 

their interaction on wheat grain quality, yield and 

yield components, and soil health of wheat in 

subtropical climatic condition.  

 

MATERIAL AND METHOD 

 

Experimental site  
The field experiment was established in 2014 at 

Sardar Vallabhbhai Patel University of Agriculture 

&Technology, Meerut research farm (29
0
 04', N 

latitude and77
0
 42' ‗E longitude a height of 237m 

above mean sea level) U.P., India. The region has a 

semi-arid sub-tropical climate with an average 

annual temperature of 16.8
0
C. The highest mean 

monthly temperature (38.9
0
C) is recorded in May, 

and the lowest mean monthly temperature (4.5
0
C) is 

recorded in January. The average annual rainfall is 

about 665 to 726 mm (constituting 44% of pan 

evaporation) of which about 80% is received during 

the monsoon period. The predominant soil at the 

experimental site is classified as Typic Ustochrept. 

Soil samples for 0–20 cm depth at the site were 

collected and tested prior to applying treatments and 

the basic properties were non-saline (EC 0.42 dS m
-1

) 

but mild alkaline in reaction (pH 7.98). The soil 

initially had 4.1 g kg
-1

 of SOC and 1.29 g kg
-1

 of total 

N (TN), 1.23 g kg
-1

 of total phosphorus, 17.63 g kg
-1

 

of total potassium, 224 mg kg
-1

 of available N, 4.0 

mg kg
-1

 of available phosphorus, and 97 mg kg
-1

 of 

available potassium. 

 

Experimental design and management  

A detailed description of different tillage systems is 

necessary to compare the influence of tillage 

practices on environmental performance (Derpsch et 

al., 2014).Six tillage crop establishment methods T1- 

ZTR; T2-, ZTWR ; T3- RTR ; T4- RTWR, T5- CTR; 

T6- Conventional tillage (CT) in main plots and five  

nitrogen management practices were F0-Control; F1- 

80 kg Nha
-1

; F2-120 kg Nha
-1

 ; F3-160 kg Nha
-1

; F5-

200 kg Nha
-1

 allotted to sub-plots in a split-plot 

design and replicated thrice. The gross and net plot 

sizes were 10 m×2.8 m and 8.0 m×2.1 m, 

respectively and treatments were superimposed in the 

same plot every year to study the cumulative effect 

of treatments.  

 

Soil sampling and processing  

Soil samples from each replicated plot were collected 

randomly from three spots with the help of a core 

sampler (10 cm internal diameter and 15 cm height) 

after the harvest of wheat crop in the year 2015 & 16. 

The soil cores were collected from 0 to 15, 15 to 30, 

30 to 45 and 45 to 60 cm soil depth. One composite 

sample representing each replication was prepared by 

mixing two cores of respective soil depth. 

Immediately after collection, the soil samples were 

brought to the laboratory and stored in a refrigerator 

for measurement of microbial biomass carbon 

(MBC). A subset of soil samples was air dried and 

passed through a 2 mm sieve for determination of 

pH, SOC and particulate organic carbon (POC). The 

third core sample was used for the estimation of bulk 

density. The soil porosity was computed from the 

relationship between bulk density and particle 

density using (1). Soil field capacity and permanent 

wilting point were measured using pressure plate 

apparatus, while available water content was 

calculated using (2) [Black, 1965]. Consider 

Porosity (%) =  (1) 

Where BD is bulk density (g cm
-3

), PD is particle 

density (g cm
-3

), and 

d =  x BD x Soil depth (2) 

Where d is available water content (cm) at 60 cm 

depth, FC is field capacity (%), and PWP is 

permanent wilting point (%) 

The double ring infiltrometer method was used to 

determine the water infiltration and was computed as 

cumulative infiltration and rate of infiltration in mm 

h
-1

.  

 

Separation of soil aggregates  

Aggregate-size separation was performed using a wet 

sieving method (Elliott, 1986). Soil samples (100-g 

air-dried <5 mm) were placed on top of a 2.0 mm 

sieve and submerged for 5 min in deionized water, to 

allow slaking (Kemper and Rosenau, 1986). Sieving 

was performed mechanically moving the sieve up 

and down 3 cm, 50 times in 2 min using a modified 
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Yoder‘s apparatus. A series of five sieves (2, 1, 0.5, 

0.25 and 0.11 mm) was used to obtain six aggregate 

fractions (i) >2 (Very large macro-aggregates), (ii) 2-

1  (large macro-aggregates), (iii) 1-0.5 (medium 

macro-aggregates), (iv) 0.5-0.25 (small macro-

aggregates) ,(v) 0.25-0.0.106 (micro-aggregates), and 

(vi) <0.106 (silt- and clay-sized particles).  

 

Soil analysis  
The soil pH was measured in soil: water suspension 

(1:2). The electrical conductivity (ECe) was 

determined in soil saturation extract. The bulk 

density of soil was measured using core sampler 

method as suggested by Veihmeyer and Hendrickson 

(1948).  

 

Soil organic carbon  

Soil organic carbon was determined by wet digestion 

with potassium dichromate along with 3:2 H2SO4: 

85% H3PO4 digestion mixture in a digestion block set 

at 120°C for 2h (Snyder and Trofymow, 1984).A 

pre-treatment with 3 ml of 1 NHCl g
−1

 of soil was 

used for removal of carbonate and bicarbonate. By 

using the bulk density value the SOC for each soil 

layer was calculated and expressed as Mg ha
−1

.  

 

Particulate organic carbon  

Particulate organic matter (POM) was separated from 

2 mm soil following the method described by 

Camberdella and Elliott (1992). Briefly a 10 g sub-

sample of soil was dispersed in 100 ml 0.5% sodium 

hexa-metaphosphate solution by shaking for 15h on a 

reciprocal shaker. The soil suspension was poured 

over a 0.05 mm screen. All material remaining on the 

screen, defined as the particulate organic fraction 

within a sand matrix, was transferred to a glass 

beaker and weighed after oven-drying at 60°C for 24 

h. The particulate organic carbon in POM was 

determined following the method of Snyder and 

Trofymow (1984). 

 

Water soluble organic carbon  

The water soluble organic carbon (WSOC) was 

successively analyzed according to the method 

described by Zhang et al. (2010). Briefly, the soil 

samples were first suspended in distilled water at 

70±1°C for 60 min. The supernatant was referred to 

as the water soluble fraction (WSF) 

 

Soil microbial biomass carbon  

For the estimation of soil microbial biomass C and N 

by the chloroform fumigation and incubation method 

Horwath and Paul, (1994) soil moisture was adjusted 

to 55% field water capacity, pre-incubated at 25°C 

for 7 days in the dark, and each soil sample was 

subdivided into two subsamples for fumigated and 

non-fumigated treatments. For MBC, soil samples, 

equivalent to 30 g dry weight, were fumigated with 

CHCl3 for 24h at 25°C.After removing the CHCl3, 

each soil sample was incubated at 25°C for a period 

of 10 days in closed tight Mason jar along with vials 

containing 1.0 ml 2 M NaOH. The flush of CO2-C 

released upon fumigation was determined from 

titration with HCl. 

The MBC was computed using Eq. (2): 

MBC (mg kg
-1

) = (Fc-UFc)/Kc (3) 

Where,    Fc is CO2 evolved from the fumigated soil, 

UFc is CO2 evolved from the unfumigated soil, and  

Kc is a factor with value of 0.41 Anderson and 

Domsch, (1978). 

For MBN, fumigated and non-fumigated soil samples 

after 10-day incubation were extracted with 2 M KCl 

(5:1 ratio of extractant: soil) for 1 h and inorganic N 

was determined by the Kjeldahl distillation as 

described by Keeney and Nelson (1982). The MBN 

was computed using Eq. (3): 

MBN (mg kg
-1

) = (Fn-UFn)/Kn (4) 

Where,  

Fn is mineral N from fumigated soil,  

UFn is mineral N from unfumigated soil, and  

Kn is a factor with value of 0.57 Jekinson, (1988).

 

RESULT AND DISCUSSION 

 

Bulk Density  

Table 1. Effect of tillage crop residue and nitrogen management on bulk density and infiltration rate 

Treatments Bulk density (Mg m-3) Infiltration rate 

(hr cm-1) 0-5 cm 5-10 cm 10-20 cm 20-30 cm 

2014-

15 

2015-

16 

2014-

15 

2015-

16 

2014-

15 

2015-

16 

2014-15 2015-16 2014-15 2015-16 

Tillage Practices 

T1  ZTR                     1.48 1.47 1.60 1.59 1.55 1.53 1.48 1.45 9.4 10.0 

T2 ZTWR                 1.52 1.51 1.66 1.66 1.60 1.55 1.51 1.50 9.3 8.8 

T3 RTR             1.45 1.44 1.56 1.55 1.52 1.51 1.50 1.48 9.7 10.5 

T4    RTWR          1.46 1.44 1.57 1.55 1.55 1.52 1.51 1.49 8.5 9.0 

T5 CTR 1.43 1.41 1.53 1.52 1.51 1.49 1.49 1.48 10.2 11.2 

T6 CT) 1.44 1.42 1.54 1.52 1.52 1.50 1.50 1.47 7.3 6.9 

S.Em± 0.02 0.02 0.03 0.03 0.017 0.008 0.012 0.019 0.30 0.43 

CD at 5% 0.05 0.05 0.08 0.09 0.055 0.026 0.038 0.058 0.91 1.31 
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Soil organic carbon (SOC)   

Results of resource conservation practices after 02 

years significantly influenced the water soluble 

organic carbon (WSOC) and total soil organic carbon 

(SOC) content of the surface soil is depicted in 

(Table 2). Data indicate that residue removal have a 

resulted in highly significant losses of SOC ranging 

from 9.45 to 16.48% for both the 0–5 and 5–15cm 

depths. In surface soil (0-5 cm layer) highest soil 

organic carbon change (35.40%) was found in ZT 

with
 
residue retention plots followed by RT with 

residue retention plots (33.52%). The use of ZT with
 

residue retention and RT with
 
residue retention for 

two crop cycle increased soil organic carbon by 

54.68% and 54.22% more than that of conventional 

tillage (CT), respectively. These treatments were 

statistically similar and significantly higher from all 

other treatments. Irrespective of residue retention in 

0– 5 cm soil layer ZT with residue retention 

enhanced 63.9% and 57.9% followed by RT with 

residue retention 61.1%, and 55.5% WSOC and 

SOC, respectively, in surface soil as compared to CT. 

Simultaneously, residue retention caused an 

increment of 34.3% and 41.9% in WSOC and SOC, 

respectively over the treatments with no residue 

management. Similar increasing trends were 

observed in 5 -15 cm soil layer, however, the 

magnitude was relatively lower (Table 2).  

The distribution of SOC with depth was dependent 

on the use of nitrogen fertilizers (Table 2). The 

highest SOC concentration was obtained for 0–5 cm 

depth and decreased with sub surface depth for all 

treatments. The SOC concentration in 0–5 and 5– 15 

cm depths increased significantly by increased levels 

of nitrogen application. At the 0–5 and 5–15 cm soil 

depths, SOC was highest in 200 kg Nha
-1

 (F4) 

followed by 160 kg Nha
-1

 (F3) treatments and the 

least in Control (unfertilized) F0 treatment. However, 

the soil organic C pools directly affect soil physical, 

chemical and biological properties. Soils under in 

200 kg Nha
-1

 (F4) treated plots contained higher SOC 

by 12.5 and 11.4% in the 0–5 and 5–15 cm soil 

layers, respectively, over 80 kg Nha
-1

 treated plots 

(Table 2). The total SOC stocks in the 0-15 cm layer 

was 35.17 Mgha
-1

 for in 200 kg Nha
-1

 (F4) treated 

soils compared with 28.43 Mgha
-1

 for in 120 kg 

Nha
-1

 treated plots and 26.45 Mg ha
-1

 for unfertilized 

control plots. Soil organic C content in the 0–15 cm 

soil layer in the plots under 50% RDN as CF+50% 

RDN as FYM treatment was  16% higher than that 

under 75% RDN as CF+25% RDN as FYM-treated 

plots.  

The WSOC in surface soil were in the order of 200 

kg Nha
-1

 (F4) >160 kg Nha
-1

 (F3) >120 kg Nha
-1

 (F2) 

> 80 kg Nha
-1

 (F1)> unfertilized control (F0). 

However, increase in WSOC was more in surface as 

compared to sub-surface soil, which indicate that 

higher accumulation of organic carbon due to 

application of inorganic fertilizer was confined to 

surface soil. No significant difference in WSOC in in 

200 kg Nha
-1

 (F4) and in 160 kg Nha
-1

 (F3) treatments 

during the study period. This might be due to more 

turn-over of root biomass in 160 kg Nha
-1

 (F3) as 

better and timely availability of nitrogen to plants 

treatment because of better growth and higher 

average yields obtained during the study period of 

the crops in 160 kg Nha
-1

 (F3) treatment as compared 

to in 200 kg Nha
-1

 (F4) treatment. 

  

Table 2. Effect of tillage crop residue and nitrogen management on water soluble organic carbon and total soil 

organic carbon  

Treatments Water  soluble organic carbon (WSOC gkg-1) Total soil organic carbon (SOC gkg-1) 

2014-15 2015-16 2014-15 2015-16 

0-5 cm  5-15 cm 0-5 cm  5-15 cm 0-5 cm  5-15 cm 0-5 cm  5-15 cm 

Tillage Practices 

T1  ZTR                     28.4 21.8 29.2 22.6 22.3 18.6 23.9 19.9  

T2 ZTWR                 24.7 17.3 25.9 17.8 17.4 15.3 19.3 14.3 

T3 RTR             26.2 19.4 27.8 20.3 21.7 17.5 23.1 18.9 

T4    RTWR          23.5 16.9 23.9 17.6 17.6 14.1 18.5 14.3 

T5 CTR 25.8 19.2 26.4 19.6 20.9 16.9 22.7 17.9 

T6 CT) 20.9 15.1 22.7 15.7 15.7 12.8 16.3 13.3 

CD at 5% 2.63 2.71 2.89 3.11 1.28 1.78 1.09 2.13 

Nitrogen Management 

F0   
 Control  20.1 14.7 21.9 15.1 16.3 13.4 15.9 12.8 

F1 80 kg N ha-1 26.8 20.4 29.8 21.9 17.8 13.7 17.8 15.6 

F2120 kg N ha-1 28.1 21.4 30.9 22.7 18.6 14.9 19.6 17.3 

F3  160 kg N ha-1 28.7 22.6 31.6 23.6 20.2 17.6 21.4 18.8 

F4 200 kg N ha-1 29.6 24.3 32.5 26.4 20.9 18.1 21.7 19.2 

CD at 5% 1.82 3.05 3.16 4.62 2.16 3.28 2.36 1.69 

 

Soil Particulate Organic Carbon  

After 02 years of the experiment, tillage-induced 

changes in POC were distinguishable in the surface 

(0- to 5-cm) and subsurface (5-15 cm) soil layer 

(Table 3). Plots under ZT had about 32% higher POC 

than CT plots (620 mgkg
–1

 bulk soil) in the surface 

soil layer.In 0 - 5 cm soil layer of tillage system, T1, 

and T3 treatments increased POC content from 620 
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mgkg
−1

 in CT (T6) to 638 and 779 mgkg
−1

 without 

residue retention and to 898, 1105, and 1033 1357 

mgkg
−1

 in ZT and RT with residue retention (T1 and 

T3), respectively. In subsurface layer (5-15 cm), 

similar increasing trends were observed, however, 

the magnitude was relatively lower .It is evident that 

the POC contents in both surface and sub-surface soil 

were significantly higher in plots receiving 200 kg 

Nha
-1

 (F4) treated plots compared to all other 

treatments except 160 kg Nha
-1

 (F3),plots. The values 

of POC in surface soil varied from 631 mgkg
−1

 in 

unfertilized control plot to 1381 mg kg
−1

 in 200 kg 

Nha
-1

 (F4) plots, respectively; while it varied from 

585 mgkg
−1

 (control) to 1032 mgkg
−1

 160 kg Nha
-1

 

(F3) in sub-surface soil. 

  

Table 3. Effect of tillage crop residue and nitrogen management on particulate organic carbon and microbial 

biomass carbon 

Treatments Particulate organic carbon (POC g kg−1) Microbial biomass C (MBC mgkg−1) 

2014-15 2015-16 2014-15 2015-16 

0-5 cm  5-15 cm 0-5 cm  5-15 cm 0-5 cm  5-15 cm 0-5 cm  5-15 cm 

Tillage Practices 

T1  ZTR                     1328.4 961.5 1357.1 974.3 535.8 461.8 589.2 481.5 

T2 ZTWR                 963.7 660.1 998.3 674.6 345.2 289.8 355.5 314.3 

T3 RTR             1226.8 831.3 1233.2 842.5 481.7 394.8 498.6 403.7 

T4    RTWR          865.4 599.6 873.4 609.2 311.4 293.9 324.7 305.6 

T5 CTR 1092.6 773.2 1105.5 785.6 398.6 340.9 407.1 367.8 

T6 CT) 614.8 478.3 620.1 485.3 306.5 287.5 309.3 291.5 

CD at 5% 116.48 132.46 128.91 133.86 56.91 68.35 93.74 77.81 

Nitrogen Management 

F0   
 Control  725.2 681.6 694.2 635.6 219.8 206.6 216.8 199.3 

F1 80 kg N ha-1 851.9 781.8 869.4 789.3 239.9 196.8 242.3 201.9 

F2120 kg N ha-1 948.3 804.1 956.1 813.6 280.7 219.9 284.7 221.8 

F3  160 kg N ha-1 1096.7 821.4 1102.3 826.2 341.7 260.3 346.2 265.4 

F4 200 kg N ha-1 1149.3 891.6 1156.7 905.1 343.9 267.3 348.6 271.9 

CD at 5% 67.31 72.85 58.72 81.36 15.32 8.73 12.78 9.71 

 

Soil microbial biomass carbon  
The level of MBC was indistinguishable between the 

CT and ZT without residue retention regimes and 

was markedly lower under these regimes than under 

ZT with residue retention and RT with residue 

retention (Table 3).Changes in MBC can indicate the 

effects of management practices on soil biological 

and biochemical properties. The higher MBC we 

observed in the ZT and RT with residue retention 

plots than the CT plot under the wheat crop suggests 

that abandonment of the cropland had substantial 

beneficial effects on the activity of microbial 

organisms probably caused by the accumulation of 

organic C compounds at the soil surface. A possible 

reason for this difference is that in the absence of 

growing plants other labile C fractions may provide 

food for microbes, and thus maintain MBC. Another 

possible reason could be related to the soil moisture 

status. Under the CT treatment, in which biomass 

production would inevitably deplete much more soil 

moisture, the microbes in the plot would be stressed 

at the time of sampling (wheat maturity).  

The microbial biomass carbon (MBC) is an 

important component of the SOM that regulates the 

transformation and storage of nutrients. The soil 

MBC regulates all SOM transformations and is 

considered to be the chief component of the active 

SOM pool (Table 3). The values of MBC in surface 

soil varied from 116.8 mgkg
−1

 in unfertilized control 

plot to 424.1 mgkg
−1

 in 200 kg Nha
-1

 (F4) plots, 

respectively; while it varied from 106.6 mgkg
−1

 

(control) to 324.9 mgkg
−1

 160 kg Nha
-1

 (F3) in sub-

surface (5-15 cm) soil layer. The values of MBC 

increased by 58.4 and 72.5% less than 120 kg Nha
-1

 

(F2) and 160 kg Nha
-1

 (F3) treatments in surface soil 

over control, respectively. The highest value of MBC 

due to 200 kg Nha
-1

 (F4) use of nitrogen fertilizer 

might be due to higher turn-over of root biomass 

produced under 200 kg Nha
-1

 (F4) treatment. 

Application of 120 kg Nha
-1

 (F2) fertilizer is not only 

required for better growth of the crop but also 

required for synthesis of cellular components of 

microorganisms. Therefore, higher root biomass 

under 200 kg Nha
-1

 (F4) fertilizer treatments helped 

in increasing MBC over other treatments. 

  

Table 4. Effect of tillage practices and nitrogen management on grain yield and quality parameters 

Treatments Grain yiekd qha-1 Protein % Gluten % Starch % Hectoliter weight (g) 

2014-15 2015-

16 

2014-

15 

2015-

16 

2014-

15 

2015-

16 

2014-

15 

2015-

16 

2014-15 2015-16 

Tillage Practices 

T1  ZTR                     46.13 48.91 12.0 12.2 10.0 10.0 63.4 67.2 76.2 77.6 

T2 ZTWR                 41.92 43.64 11.1 11.5 10.2 10.2 63.5 67.2 74.0 75.5 

T3 RTR             44.29 46.73 11.6 11.8 10.3 10.3 63.5 67.3 76.3 79.8 
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T4   RTWR          40.82 42.82 11.1 11.4 10.5 10.4 63.5 67.3 75.3 76.1 

T5 CTR 44.16 45.90 11.3 11.6 10.5 10.4 63.5 67.2 78.5 80.6 

T6 CT 41.65 43.54 11.0 11.3 10.6 10.5 63.5 67.3 75.8 78.3 

CD at 5% 2.98 4.21 0.73 0.68 0.32 0.35 NS NS 2.81 2.38 

Nitrogen Management 

F0
 Control  30.71 29.89 11.0 11.3 9.6 9.5 63.4 67.2 70.5 72.2 

F1 80 kg N ha-1 33.66 32.51 11.3 11.5 9.8 9.8 63.5 67.2 76.6 77.2 

F2120 kg N ha-1 39.14 41.83 11.6 11.9 9.9 9.9 63.5 67.3 76.9 77.3 

F3  160 kg N ha-

1 
46.13 47.18 11.7 12.1 10.6 10.6 63.5 67.3 78.7 80.7 

F4 200 kg N ha-

1 43.90 45.69 11.6 11.8 10.7 10.8 63.5 67.3 80.4 81.2 

CD at 5% 2.30 1.79 NS NS 0.85 0.97 NS NS 3.83 4.56 

 

Quality parameters 

Straw retention/return had significant effects on soil 

protein %, Gluten % and Hectolitre weight under 

zero and reduced tillage seeding techniques as shown 

in Table 4. In general, protein % and Gluten % and 

Hectolitre weight tin the following order: T1 ZTR> 

T3 RTR> T5 CTR>T2 ZTWR> T4   RTWR and > T6 

CT, during experimentation.                        

Application of 200 kg Nha
-1

 had significantly higher 

Gluten % and Hectolitre weight as compared to all 

other treatments except F3 160 kg Nha
-1

. However, F2 

and F1 were at par at with each other and recorded 

higher Gluten % and Hectolitre weight than F0 

unfertilized ―control‖ plots during both the years of 

study.). 

 

Grain yield   

The wheat yield revealed that the crop responded 

significantly to different levels of nitrogen 

application as compared to control. Data generated 

from the present field study clearly indicated that 

significant (P=0.05) increase in grain yield of wheat 

with increasing in N level significantly up to 160 kg 

Nha
-1

 which was 26.54% over control . Maximum 

grain yield was recorded (4613 and 47.18) with 160 

kg Nha
-1

 and it was significantly superior all over the 

treatment except F4 (43.90 and 45.69). The lowest 

value of grain yield was recorded with unfertilized 

―control‖ (F0) plots (Table-4). The grain yield of 

wheat was significantly increased by the effect of 

nitrogen management which increased the fertilizer 

use efficiency and improved the physical and 

chemical properties of soil hence making better 

utilization of nutrients might also be a reason 

towards increased yield Singh et al., (2009). Similar 

results were reported by Chuan et al. (2013). 

 

CONCLUSION 

 

Soil conservation management improved the quality 

of the soil by enhancing the SOC and POC and 

biological status, especially in 0-5cm upper layer. 

Results of this 02-year field study with wheat crop 

indicate that the content of SOC, PON, WSOC, MBC 

and POC decreased with soil depth, and thin surface 

layer (0 – 5 cm) contained much higher 

concentration of these pools than 5 - 15 cm 

subsurface layer. The surface soil layer had 

substantially higher levels of all soil health 

parameters than subsurface layer, presumably due to 

higher retention of crop stubbles, fallen leaves and 

root biomass. The enhanced proportions of WSC, 

POC MBC in SOC with the supply of optimum  

nitrogen and retention of crop residues indicate that 

the improvement in labile forms of Carbon and N 

was relatively rapid than control suggesting that 

active C and N pools reflect changes due to nitrogen 

management. The macro-aggregates increased by 

39% and micro-aggregates decreased by 9% in ZT 

plots compared with CT plots. Decrease in micro-

aggregates and increase in macro-aggregates with 

application of tillage practices might have enhanced 

soil aggregation processes and compared to 

conventional tillage (CT), zero-tillage and reduced 

tillage could significantly improve the SOC content 

in cropland and the POC, PON and MBC 

concentrations were greatly influenced by ZT in the 

surface (0 - 5 cm) and subsurface (5 - 15 cm) soil 

layer after 02 cycles of the experiment. 

Our results have very significant implications for soil 

C sequestration potential in semiarid subtropical soils 

inherently low in organic matter and nutrients of 

Northern India. SOC concentration in surface soil 

(0– 15 cm) was sharply increased by the tillage 

practices and nitrogen management. Thus, returning 

crop residue to the soil is crucial to improving the 

SOC level. The large scale implementation of the 

straw plus inorganic fertilizer amendments will help 

to enhance the capacity of carbon sequestration and 

promote food security in the region.  

 

REFERENCES 

 

Anderson, J.P.E. and Domsch, K.H. (1978).  

Mineralization of bacteria and fungi in chloroform 

fumigated soils. Soil Bio Biochem 10: 207-213. 

Anonymous (2012). Economic Survey of India- & 

Company Affairs, Govt. of India, New Delhi. 

Baker JM, Ochsner TE, Venterea RT, Griffis TJ. 
(2007). Tillage and soil carbon sequestration–what 

do we really know? Agric Ecosyst Environ 118, 1–5. 

Cambardella, C.A and Elliott, E.T. (1992). 

Particulate soil organic matter changes across a 



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 8 (7) 365 

grassland cultivation sequence.Soil Sci Soc Am J 

56:777–783 

Chen HQ, Hou RX, Gong YS, Li HW, Fan MS, et 

al. (2009). Effects of 11 years of conservation tillage 

on soil organic matter fractions in wheat monoculture 

in Loess Plateau of China. Soil Till. Res 106: 85–94 

Chuan L, Ping H, Mirasol F. P., Adrian M. J., 

Jiyun J., Xinpeng  Xu, Shicheng Z., Shaojun Q. 

and Wei Z. (2013). Establishing a scientific basis for 

fertilizer recommendations for wheat in China: Yield 

response and agronomic efficiency. Field Crops Res. 

140: 1–8. 

Derpsch, R., Franzluebbers, A.J.,Duiker, 

S.W.,Reicosk, D.C., Koeller, K., Friedrich, T., Sá, 

J.C.M. and Weiss, K. (2014). Why do we need to 

standardize no-tillage research? Soil Till.Res.137, 

16–22. 

Diekow J, Mielniczuk J, Knicker H, Bayer C, 

Dick DP, et al. (2005). Soil C and N stocks as 

affected by cropping systems and nitrogen 

fertilisation in a southern Brazil Acrisol managed 

under no-tillage for 17 years. Soil Till Res 81, 87–95. 

Elliott, E.T. (1986). Aggregate structure and carbon, 

nitrogen and phosphorus in native and cultivated 

soils. Soil Sci. Soc. Am. J. 50, 627–63 

Guarda,G., S. Padovan, S. and G. Delogu, G. 
(2004). Grain Yield, Nitrogen-Use Efficiency and 

Baking Quality of Old and Modern Italian Bread-

Wheat Cultivars Grown at Different Nitrogen Levels, 

European J Agron,  21, (2):181-192. 

Horwath, W.R. and Paul,E.A. (1994). Microbial 

Biomass,‖ In: R. W. Weaver, et al., Eds., Methods of 

Soil Analysis—Part 2, Microbiological and 

Biochemical Properties, 2
nd

 Edition, Soil Sci Soc Am, 

Madison, 1994, pp. 753-771.  

Hernanz JL, L’opez R, Navarrete L, S’anchez-

Gir’on V. (2002). Long-term effects of tillage 

systems and rotations on soil structural stability and 

organic carbon stratification in semiarid central 

Spain. Soil Till. Res 66 (2): 129–141 

Jekinson, D.S. (1988). Determination of microbial 

biomass carbon and nitrogen in soil, in: J.R. Wilson 

(Ed.), Advances in Nitrogen Cycling in Agricultural 

Ecosystems, CAB International, Wallingford, UK, 

1988, pp. 368-386. 

Keeney, D.R. and Nelson, D.W. (1982). Nitrogen: 

inorganic forms, in: A.L. Page, R.H. Miller, D.R. 

Keeney (Eds.), Methods of Soil Analysis, part 2: 

Chemical and Microbial Properties, 2nd ed., Soil Sci 

Soc Am, Madison, WI, USA, 1982, pp. 643-698. 

Kemper, W.D. and Rosenau, R.C. (1986). 

Aggregate stability and size distribution, In: Klute, 

A. (Ed.), Methods of Soil Analysis.Part I. 2nd ed. 

Agron. Monogr. 9. ASA and SSSA, Madison, WI, 

pp. 425–442. 

Liu SP, Nie XT, Zhang HC, Dai QG, Huo ZY, et 

al. (2006). Effects of tillage and straw returning on 

soil fertility and grain yield in a wheat-rice double 

cropping system. Transactions of the CSAE 22 (7): 

48–51 

Malhi,S.S., Grant, C.A., Johnston, A.M. and K. S. 

Gill, K.S. (2001). Nitrogen Fertilization and 

Management for No-Till Cereal Production in the 

Canadian Great Plains: A Review, Soil  Till Res,  60, 

(3-4),101-122 

Miller AJ, Amundson R, Burke IC, Yonker C. 

(2004). The effect of climate and cultivation on soil 

organic C and N. Biogeochemistry. 67: 57–72 

Ouédraogo E, Mando A, Stroosnijder L. 
(2006). Effects of tillage, organic resources and 

nitrogen fertiliser on soil carbon dynamics and crop 

nitrogen uptake in semi-arid West Africa. Soil  Till 

Res 91: 57–67 

Paustian, K, Collins, H.P., Paul, EA. (1997). 

Management controls in soil carbon. In: Paul, E.A., 

Paustian, K.A., Elliott, E.T., Cole, C.V. (Eds). Soil 

Organic Matter in Temperate Ecosystems: Long 

Term Experiments in North America. RC, Boca 

Raton, FL 15–49. 

Puget, P, Lal, R. (2005). Soil organic carbon and 

nitrogen in a Mollisol in central Ohio as affected by 

tillage and land use. Soil Till. Res 80, 201–213. 

Rajan G, Keshav RA, Zueng-Sang C, Shree, C.S. 

and Khem R.D. (2012).  Soil organic carbon 

sequestration as affected by tillage, crop residue, and 

nitrogen application in rice–wheat rotation 

system. Paddy Water Environ 10: 95–102 

Shan YH, Yang LZ, Yan T.M., Wang, J.G. 
(2005). Downward movement of phosphorus in 

paddy soil installed in large-scale monolith 

lysimeters. Agr. Ecosyst. Environ 111 (1–4): 270–

278 

Singh, G., Singh, O. P., Singh, S. and Prasad, K. 
(2010). Weed management in late sown wheat 

(Triticum aestivum) after rice (Oryza sativa) in rice-

wheat system in rainfed lowland. Indian J Agron 55 

(2): 83-88. 

Singh, G., Marwaha, T. S. and Kumar, D. (2009). 

Effect of resource conserving techniques on soil 

microbiological parameters under long term maize 

(Zea mays)-wheat (Triticum aestivum) crop rotation. 

Indian J. Agricultural Sci. 79 (2): 94–100. 

Snyder, D., Trofymow, J.A. (1984). Rapid accurate 

wet oxidation diffusion procedure for determining 

organic and inorganic carbon in plant and soil 

samples. Comm. Soil Sci. Plant Anal. 15, 1587–1597 

Veihmeyer, F.J. and Hendrickson A.H. (1948). 

Soil density and root penetration. Soil Sci. 65: 487–

493. 

Wang DD, Zhou L, Huang SQ, Li CF, Cao CG. 
(2013). Short-term Effects of Tillage Practices and 

Wheat-straw Returned to the Field on Topsoil Labile 

Organic Carbon Fractions and Yields in Central 

China. J Agro-Environ Sci 32 (4): 735–740 

West TO, Post WM. (2002). Soil organic carbon 

sequestration rates by tillage and crop rotation. Soil 

Sci Soc  Am J 66: 1930–1946 

Yamashita T, Feiner H, Bettina J, Helfrich M, 

Ludwig B. (2006).  Organic matter in density 

fractions of water-stable aggregates in silty soils: 



366 VINEET KUMAR, SATENDRA KUMAR, R.K. NARESH, U.P. SAHAI, S.P. SINGH, 

KAMAL KHILARI AND ASHOK KUMAR  

effect of land use. Soil Biology  Biochemi 38: 3222–

3234 

Zhang ZJ. (1998). Effects of long-term wheat-straw 

returning on yield of crop and soil fertility. Chinese J  

Soil Sci 29 (4): 154–155 

Zhang, J.J., Wang, L.B. and Li, C.L. (2010). 

Humus characteristics after maize residues 

degradation in soil amended with different copper 

concentrations. Plant Soil Environ. 56,120-124.

 



*Corresponding Author 

________________________________________________  
  Journal of Plant Development Sciences Vol. 8 (7) : 367-370. 2016 

EFFECT OF ORGANIC AND INORGANIC SUBSTANCE ON SPROUTING OF 

ELEPHANT FOOT YAM (AMORPHOPHALLUS PAEONIIFOLIUS DENNST) 
 

Sarita Sahu* 

 

Scientist Horticulture, College of Agriculture & Research Station, Raigarh (C.G.) 

Email: sarita.sahu2124@gmail.com 

 

Received-11.07.2016, Revised-29.07.2016 
 
Abstract: Results over two years indicated that among the different pre-planting treatments thiourea at 400 ppm (10.00 

days) recorded minimum number of days to first emergence and maximum sprouting per cent (97.22 per cent) which showed 

24.26 per cent increase in sprouting over control treatment. The minimum number of days to 50 per cent emergence was 

recorded under KNO3 at 250 ppm (33.33) followed thiourea at 400 ppm (33.50). 
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INTRODUCTION 
 

lephant foot yam (Amorphophallus paeoniifolius 

Dennst.) is one of the important tuber crops 

widely cultivated in sub-tropical regions for its 

underground food reserves. Traditionally, elephant 

foot yam is propagated through corms and cormels. 

Whole corm or cut corm pieces weighing about 500 

g to 750 g with a part of apical meristem is mainly 

used as planting material. A great portion (about 25 

per cent) of the harvested produce is lost as source of 

planting material. Gajendra variety of elephant foot 

yam is high yielding, free from acridity and it is 

popularly grown all over India as well as 

Chhattisgarh. Elephant foot yam tubers remain 

dormant for 2-3 months (Kay, 1987). As a result of 

this, planting and harvesting are to be done at a 

particular time of the year. Hence it necessitates to 

break the dormancy by use of organic and inorganic 

substances so that the planting materials could be 

made ready for planting early in the season to ensure 

early yields and lucrative market prices. However, 

very little information is available on the effect of 

dipping of seed corms (minisetts) before planting 

with organic and inorganic substances. Therefore, the 

present investigation entitled “Studies on the effect 

of pre-planting treatments of corms (minisetts) with 

different organic and inorganic substances on 

sprouting of elephant foot yam under agro-climatic 

condition of Chhattisgarh plains”. 

 

MATERIAL AND METHOD 
 

The experiment was conducted at Research and 

Instructional Farm of Department of Horticulture, 

Indira Gandhi Krishi Vishwavidyalaya, Raipur, 

Chhattisgarh during Kharif season of the years 2010-

11 and 2011-12.The experiments were laid out in 

Randomized Block Design (RBD) with fifteen 

treatments and three replications. The treatment 

consisted of different concentrations of organic and 

inorganic substances which were applied as pre-

planting soaking of corms for one hour i.e.T1 (cow 

dung 50 % + water 50 %),T2 (cow urine 50 % + 

water 50 %),T3 (cow dung 25 % + cow urine 25 % + 

water 50 %),T4 (cow dung 37.5 % + cow urine 37.5 

% + water 25 %),T5 (cow dung 50 % + cow urine 50 

%), T6 (thiourea at 200 ppm), T7 (thiourea at 300 

ppm),T8 (thiourea at 400 ppm), T9 (KNO3 at 250 

ppm),T10 (KNO3 at 500 ppm),T11 (KNO3 at 750 

ppm),T12 (GA3 at 100 ppm),T13 (GA3 at 200 ppm), 

T14 (GA3 at 300 ppm) and T15 (control treatment) i.e. 

soaking of minisetts in water. The weight of minisett 

(corm) is 100g for all the treatments. 

The observations on days taken to first emergence of 

corms from date of planting was recorded from each 

treatment and expressed in days. The observations on 

days taken to 50 per cent emergence of corms from 

date of planting was recorded and expressed in days. 

The sprouting per cent was recorded after complete 

crop emergence. The sprouting per cent or the plant 

emergence per cent was calculated with the help of 

following formula: Sprouting per cent = 

Total number of plants emerged 

.....................................................   × 100 

Total number of corms planted 

 

RESULT AND DISCUSSION  
 

Table 1 indicated that the days taken to first 

emergence and 50 per cent emergence. The highest 

response in inducing early emergence (10.00 days, 

pooled data) was noted with T8 (thiourea at 400 ppm) 

followed by T5 i.e. cow dung 50 % + cow urine 50 % 

and T9 i.e. KNO3 at 250 ppm (10.17 days, pooled 

data). The lower concentration of thiourea at 300 

ppm was the next best treatment which recorded 

10.50 (pooled data) days to first emergence.  

Nedunchezhiyan and Mohankumar (1994) and 

Kumar et al. (1998) reported that growth regulators 

were found to hasten sprouting in elephant foot yam. 

These results are in conformity with the findings of 

Nedunchezhiyan et al. (2011) who reported that 

among the growth regulators, thiourea was most 

effective in inducing earliness in first sprouting. 
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Similar results have been reported by Mukherjee et 

al. (2009) in elephant foot yam. 

The enhanced sprouting of bottom corm setts of 

elephant foot yam by application of thiourea and 

potassium nitrate was also observed by Dhua et al. 

(1988). Das et al. (1995) indicated that thiourea (300 

ppm) and KNO3 (750 ppm) were found more 

effective to initiate sprouts over other concentrations 

of respective chemicals. Bhagavan (2005) reported 

that foliar spraying of KNO3 (1- 2 per cent) and 

thiourea (0.5 – 1.0 per cent) recorded early and 

increased sprouting of seed corms of elephant foot 

yam. 

Similar trend was noticed with regards to days to 50 

per cent emergence. The minimum number of days to 

50 per cent emergence was recorded under T9 i.e. 

KNO3 at 250 ppm (33.33) followed by T8, T7and T6 

(thiourea at 400, 300 and 200 ppm) i.e. 33.50, 34.17 

and 36.00, respectively. The greater number of days 

to 50 per cent emergence was observed under T12, 

T13 and T14 (GA3at all the concentrations i.e. 100, 200 

and 300 ppm) from 43.50 to 43.83 which were 

statistically at par with T15 (control treatment) i.e. 

44.50.  

Nedunchezhiyan et al. (2011) reported the variations 

in number of days to 50 per cent and 100 per cent 

sprouting due to pre-planting application of growth 

regulators.  

The crop emergence was completed after 60 days of 

planting that means the overall sprouting was 

completed within 60 days after planting and data of 

sprouting per cent presented in Table 2 revealed that 

the maximum sprouting per cent was recorded under 

T8 i.e. thiourea at 400 ppm (97.22 per cent, pooled 

data) followed by T7 i.e. thiourea at 300 ppm (96.76 

per cent, pooled data), T6 i.e. thiourea at 200 ppm and 

T9 i.e. KNO3 at 250 ppm (95.37 per cent, pooled 

data) and that showed 24.26, 23.67 and 21.89 per 

cent increase in sprouting over control treatment, 

respectively. The minimum spouting per cent was 

obtained under T15 i.e. control treatment (78.24 per 

cent, pooled data) followed by T13 i.e. GA3 at 200 

ppm (79.17 per cent, pooled data), T14 i.e. GA3 at 300 

ppm (79.63 per cent, pooled data) and T12 i.e. GA3 at 

100 ppm (80.09 per cent, pooled data). 

Dhua et al. (1988) reported that different growth 

substances were found to increase sprouting 

percentage in elephant foot yam. The findings are 

with the agreement of Das et al. (1995) who reported 

that soaking of corm setts with thiourea and KNO3 

increased sprouting percentage in elephant foot yam. 

Similar results have been reported by Bhagavan 

(2005) and Kumar et al. (1998). 

 

CONCLUSION  
 

Thiourea at 400 ppm was best treatment to inducing 

early sprouting in elephant foot yam. T7 and T8 

(thiourea at 300 and 400 ppm) and T9 (KNO3 at 250 

ppm) were among the best pre-planting treatments 

which were statistically equal among each other in 

reducing the number of days to 50 per cent 

emergence. Thiourea at 400 ppm stoot best treatment 

to increasing sprouting per cent in elephant foot yam.

 

Table 1. Effect of organic and inorganic substance on days to first emergence and days to 50 per cent 

emergence in elephant foot yam cv. Gajendra 

Treatments 
Days to first emergence Days to 50 per cent emergence 

2010-11 2011-12 pooled 2010-11 2011-12 pooled 

T1 : 
Cow dung slurry (50%) + 
Water (50%) 

12.00 12.33 12.17 34.67 41.00 37.83 

T2 : 
Cow urine (50%) + Water 

(50%) 
13.00 12.67 12.83 35.67 39.67 37.67 

T3 : 
Cow dung (25%) + Cow urine 

(25%) + Water (50%) 
11.00 11.67 11.33 33.67 38.67 36.17 

T4 : 
Cow dung (37.5%) + Cow urine 
(37.5%) + Water (25%) 

11.67 12.00 11.83 34.00 41.33 37.67 

T5 : 
Cow dung (50%) + Cow urine 

(50%) 
10.00 10.33 10.17 33.67 38.67 36.17 

T6 : Thiourea at 200 ppm 11.00 10.67 10.83 33.67 38.33 36.00 

T7 : Thiourea at 300 ppm 10.67 10.33 10.50 31.00 37.33 34.17 

T8 : Thiourea at 400 ppm 10.00 10.00 10.00 29.00 38.00 33.50 

T9 : KNO3 at 250 ppm 10.00 10.33 10.17 28.33 38.33 33.33 

T10 : KNO3 at 500 ppm 10.67 11.00 10.83 34.00 38.33 36.17 



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 8 (7) 369 

T11 : KNO3 at 750 ppm 11.00 11.33 11.17 33.67 39.00 36.33 

T12 : GA3 at 100 ppm 13.67 14.00 13.83 42.67 44.33 43.55 

T13 : GA3 at 200 ppm 15.00 15.33 15.17 43.33 44.33 43.83 

T14 : GA3  at 300 ppm 14.67 15.00 14.83 43.00 44.00 43.50 

T15 : Water (Control) 16.33 16.67 16.50 43.67 45.33 44.50 

CD 1.66 1.63 1.30 4.22 2.40 2.68 

SEm ± 0.57 0.56 0.45 1.46 0.83 0.92 

 

Table 2. Effect of organic and inorganic substance on sprouting per cent (60 days after planting) in elephant 

foot yam cv. Gajendra 

Treatments 

Sprouting (%) Per cent increase over control 

2010-

11 
2011-

12 
Pooled 

2010-

11 
2011-

12 
Pooled 

T1 : Cow dung slurry (50%) + Water (50%) 92.59 90.74 91.67 17.65 16.66 17.17 

T2 : Cow urine (50%) + Water (50%) 90.74 91.67 91.20 15.30 17.86 16.56 

T3 : Cow dung (25%) + Cow urine (25%) + Water (50%) 93.52 92.59 93.06 18.83 19.04 18.94 

T4 : 
Cow dung (37.5%) + Cow urine (37.5%) + Water 

(25%) 
90.74 90.74 90.74 15.30 16.66 15.98 

T5 : Cow dung (50%) + Cow urine (50%) 93.52 92.59 93.06 18.83 19.04 18.94 

T6 : Thiourea at 200 ppm 94.44 96.30 95.37 20.00 23.81 21.89 

T7 : Thiourea at 300 ppm 97.22 96.30 96.76 23.53 23.81 23.67 

T8 : Thiourea at 400 ppm 96.30 98.15 97.22 22.36 26.19 24.26 

T9 : KNO3 at 250 ppm 95.37 95.37 95.37 21.18 22.62 21.89 

T10 : KNO3 at 500 ppm 94.44 93.52 93.98 20.00 20.24 20.12 

T11 : KNO3 at 750 ppm 93.52 91.67 92.59 18.83 17.86 18.34 

T12 : GA3 at 100 ppm 80.56 79.63 80.09 2.36 2.38 2.36 

T13 : GA3 at 200 ppm 79.63 78.70 79.17 1.18 1.18 1.19 

T14 : GA3  at 300 ppm 79.63 79.63 79.63 1.18 2.38 1.78 

T15 : Water (Control) 78.70 77.78 78.24 - - - 

CD 4.60 3.92 3.24 - - - 

SEm ± 1.59 1.35 1.12 - - - 
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