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Key Message: This is a novel study and it demonstrates that the progenies of T5 transgenic lines of tomato
over-expressing DREB1A were used as pollinators in introgression into two elite cultivars of tomato BSX-935
and 95017. Successful F1 hybrids were confirmed through molecular analysis.
ABSTRACT: Crop productivity is impaired by a wide range of abiotic stresses. Cold stress is the main factor
that causes the decrease in productivity of tomato. Through genetic engineering, a single gene can be easily
transferred with desired characteristics into local best performing varieties. CBF/DREB1 is the most effectively
used gene family to engineer cold stress tolerance in tomato. The aim of this study was to focus on the transgene
expression and inheritance pattern in segregating generation of tomato lines and impact of transgene in different
genetic backgrounds. In this study, transfer of transgene through conventional breeding into two elite cultivars
(BSX-935 and 95017) was carried out. The lines used for detection and confirmation of transgene were
previously developed by genetic transformation with a construct containing the AtDREB1A gene driven by the
stress-inducible promoter lip-9. Transformants of T4 generation were identified by PCR and were selfpollinated to generate T5 progeny. The confirmed transgenics were used to evaluate different morphological
traits such as plant height, fruit size, number of fruit per plant and number of seeds per fruit compared with nontransgenic counterparts. By using Completely Randomized Design, non-significant differences were found
between transgenics and their non-transgenics plants. To check the expression pattern in transgenic plants,
reverse transcription polymerase chain reaction was done. Progenies of T5 transgenic lines were used as
pollinators for introgression into two elite cultivars BSX-935 and 95017. Successful F1 hybrids were confirmed
through molecular analysis. These F1 hybrids may be used as a source for development of cold tolerant nearly
isogenic lines through backcross breeding program in future.
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INTRODUCTION
Tomato (Solanum lycopersicum Mill.) is one of the major vegetables, grown everywhere in the world (Rick,
1995). It requires less time period for cultivation and gives maximum produce due to which it has high
economic value, and area for its cultivation is gradually increasing (Naika et al., 2005). Out of its production,
38% is contributed by each of Khyber Pakhtunkhwa (KPK) and Baluchistan provinces, 15% and 9% by Punjab
and Sindh, respectively. It is susceptible to chilling temperature (0 – 12 °C). Because of sensitivity to low
temperature, it includes lots of anatomical disturbances under subtropical temperate zones (Kalloo, 1991). When
plants exposed to low temperature, it disturbs the cell stability and reactive oxygen species (ROS) in plants.
These are the major cellular changes in plants; occur due to stress conditions (Suzuki & Mittler, 2006). ROS
such as singlet oxygen (O2-), hydrogen peroxide (H2O2) and HO affect bio-macromolecules like proteins, lipids,
carbohydrates and DNA that lead to cell death in plants (Ruelland et al., 2009; Gill & Tuteja, 2010).
Many cultivated varieties of tomato are sensitive to temperature less than 15 °C that hinders its growth, fruit
development, flower opening and fruit maturation (Foolad & Lin, 2001; Ploeg & Heuvelink, 2005). General
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symptoms that occur due to chilling injury in tomato are surface lesions, loss of chlorophyll, plant death and
programmed cell death (Saltveit & Morris, 1990). When exposed to low temperature, plants respond with
changes in their pattern of gene expression and protein products (Wray, 1991). Thus, acclimatization plays an
important role on the survival and distribution of the plant and on crop yields. New varieties of tomato can be
developed through transferring gene of interest by traditional breeding or gene transfer technology from a great
range of germplasm available for tomato crop improvement (Finkers et al., 2007).
Use of transgenic or traditional crop varieties for the improvement of wild species of crops, is the part of
different research studies (Baack et al., 2008). The main objective to introgress a gene in wild relatives from
crops is to study the effect of transgene transfer on host genetic background (Chapman & Burke, 2006). Back
crossing is one of the traditional breeding approaches used for the introduction of one or few genes in best
performing current cultivars. At present, molecular breeding is the most widely used technique for crop
improvement. Backcross breeding is mostly preferred when the aim is to develop the varieties with desired
characters that may be monogenic or polygenic in nature. Through backcrossing, it becomes easy to transfer
these multigenic and monogenic traits in crops (Moose & Mumm, 2008). Crop improvement through crossing
between two different species or within the species has met with limited success in plant breeding practices.
Various studies relating to sequencing, mutational analysis and transgenic studies have played a profound
understanding of the complex transcriptional mechanism that functions in cold stress condition (Sanghera et al.,
2011).
Through genetic engineering plant breeders can easily transfer a single gene with desired characteristics into
local best performing varieties. This is the most reliable and time saving technique to transfer gene of interest in
different genetic backgrounds (Sharma et al., 2002). CBF/DREB1 is the most effectively used gene family to
engineer cold stress tolerance in tomato (Thomashow, 2010). Plants that are able to cope with cold stress
conditions like Arabidopsis thaliana (L.) detect low temperature conditions and turn on expression of TFs,
members of the CBF/DREB1 gene family, which includes CBF1, 2 and 3. The resultant protein products of
these genes control the expression of cold-regulated genes (Thomashow, 2010). In this study, a combination of
modern biotechnology and conventional hybridization has been used for transfer of transgene from transgenic
plants generated by Agrobacterium tumefaciens-mediated genetic transformation technique. This will lead
ultimately to the development of elite transgenic cultivars with cold tolerance in addition to other desirable
agronomic traits. The resultant cultivars will also be able to grow under open field conditions during the winter
season, thereby eliminating the use of plastic tunnels. This study was aimed to detect transgenes (DREB1A) in
segregating populations (T5) of tomato lines and to check the expression analysis of transgenic lines through
semi quantitative RT-PCR. During this study, comparison was made between transgenic and non-transgenic
plants on the basis of morphological parameters. Introgression of transgene (DREB1A) was also done into two
pure lines followed by expression analyses.
MATERIALS AND METHODS
Plant material
Fifteen T5 advance transgenic tomato lines of Moneymaker transformed with DREB1A gene and one nontransgenic genotype was selected and grown in the glass house where temperature was maintained at 25 – 30 ºC.
The seeds of these transgenic and non-transgenic lines (Table 1) were provided by NIGAB and Horticultural
Research Institute (HRI), NARC, Islamabad, Pakistan.
DNA extraction and quantification
Genomic DNA was isolated from fresh tomato leaves of both transgenic and non-transgenic plants using CTAB
method described by Doyle and Doyle (1990). Hundred (100) mg fresh leaf sample was ground in liquid
nitrogen using mortar and pestle to a fine powder and added 1.0 ml of pre-heated (60 °C) 2X CTAB extraction
buffer. The mixture of plant extract was transferred to an eppendorf tube for incubation temperature 65 °C in
water bath for 30-40 min. Then centrifugation was performed at 12000 rpm for 10 minutes and their supernatant
was transferred to fresh tube. Then chloroform: isoamyl alcohol (24: 1) was added and mixed it gently. Again
centriguge it at 12000 rpm for ten minutes.Then supernatant was transferred into new eppendorf tube and equal
volume of ice chilled isopropanol was added. Mix it gently and then incubate for 30 min to precipitate DNA.
Again centrifuge for 10 minutes at 12000 rpm and supernatant was removed. Then pellet was washed with 70%
ethanol and simultaneously tube was air-dried by putting on autoclaved filter paper. Then pellet was resuspended in 50-100 µl of nuclease free water and treated with RNaseA (1 µl/100 ml TE buffer). The DNA
concentration was quantified by Bio Spec-nano Micro-volume UV-Vis spectrophotometer (IMPLEN, Germany)
at 280 nm wavelength, whereas the extracted DNA was run on agarose gel.
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Confirmation of transgene presence
For the purpose to confirm the presence of DREB1A and associated hpt genes in advance tomato lines (advanced
to T5 progeny), molecular analysis using PCR was performed. DREB1A gene primer pair was used to amplify
632 bp fragment. The sequence of forward primer is; DREB1A–F 5’TGAACTCATTTTCTGCTTT-3’and
reverse primer: DREB1A–R 5’-TAATAACTCCATAACGATA-3’. Similarly both primers for selectable marker
gene hygromycin phosphotransferase (hpt) was also used for confirmation. The PCR conditions were optimized
for amplification of transgenes.
Gel electrophoresis and documentation
The Amplified products were resolved on 0.6 μg/ml ethidium bromide containing 1.5% agarose gel in 1X TBE
(10 mM Tris-Borate, 1 mM EDTA) buffer at 100V for 35 min. After electrophoresis, amplified products were
visualized at the wavelength of 280nm on transilluminator and photographed by a gel documentation system.
RNA extraction
Total RNA from transgenic and non-transgenic tomato plants was extracted by using TRIzol® Reagents. Leaf
sample was ground in liquid nitrogen using mortar and pestles. The crushed tissue was taken into eppendorf
tube and mixed with 1.0 ml of Trizol and 200 µl chloroform. The homogenized sample incubated on ice for 2-3
min. After incubation, the sample was centrifuged at 12000 rpm for 12 min at 4 ºC. The supernatant was
transferred into new eppendorf tube and chilled isopropanol was added in equal amount. After an incubation
period of 10 min on ice, samples were again centrifuged at 12000 rpm for 10 min. The pellet obtained after
centrifugation was washed with 75% ethanol and centrifuged for 5 min at 7500 rpm. Ethanol was removed and
pellet was dried for 5 min at open air. After drying the pellet, RNase free water (50-60 µl) was added and pellet
was dissolved. Finally, RNA samples were stored at -80 ºC for future use.
Transgene expression analyses
Two steps reverse-transcriptase PCR was performed to detect the expression of desired gene (DREB1A). In first
step, complementary DNA (cDNA) was prepared from good quality pure RNA following the instructions of
manufacturer (Revert Aid Reverse Transcriptase, Fermentas) (Verma, 1981; Gerard & D'Alessio, 1993;
Sambrook & Russell, 2001). In the second step, 2.0 µl of cDNA from reverse transcription was used as a
template and DREB1A gene specific primers were employed to amplify the desired fragment through
conventional PCR with optimized conditions as shown in the Fig.1.The product of reverse transcription-PCR
was resolved on 1.5% agarose gel by the process of electrophoresis and photographed through gel
documentation system.
Evaluation of morphological parameters
Morphological data on plant height (cm), number of fruit per plant, fruit length, fruit width and number of seeds
per fruit of T5 transgenic and non-transgenic plants were also recorded and were compared with non-transgenic
plants. Seed of fifteen transgenic tomato lines were separately grown in trays. The plantlets were watered
regularly and after four weeks, they were transferred to pots and were kept under normal growth conditions in
glasshouse. Confirmed transgenic plants were chosen for morphological analysis. To measure the plant height,
three transgenic plants from each line were randomly selected; data were collected in centimeters from ground
level to upper level by using a meter rod. The diameter of three fruits per plant was measured in centimeters
using a measuring tape and then average was used for statistical analysis. Data for number of fruits/plant was
measured by randomly selecting three plants per line. To count number of seeds/fruit, three fruits/plant were
selected from each line and then averaged for statistical analysis.
Data analysis
The data of given morphological traits were subjected to analysis of variance at 5% confidence level.
Introgression of transgene
The progeny of transgenic lines (T5 generation) were used for hybridization. Progeny of transgenic lines and
recipient elite tomato cultivars 95017 and BSX-935 (provided by Horticultural Research Institute, NARC,
Islamabad) were grown in transgenic containment for crossing. Ten plants from each of two recipients were
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used as a maternal parent for hybridization. Florets were emasculated from mother plant. Pollens were collected
from PCR confirmed T5 plants of transgenic lines and used for pollination.
Molecular analysis for the detection of transgene in F 1 hybrids
F1 hybrid seed was grown; sample from every single plant was collected to confirm the successful transfer of
transgene into non-transgenic tomato lines through PCR analysis. For the confirmation of successful transfer of
transgene in cross combinations molecular analysis was done by using PCR. To amplify 632 bp fragment of
DREB1A gene, the primers sequences used were: forward primer: DREB1A–F 5’TGAACTCATTTTCTGCTTT3’and reverse primer: DREB1A–R 5’-TAATAACTCCATAACGATA-3’. The PCR was optimized for
amplification of transgenes in a thermo cycler (Applied Biosystem) for 20μlreaction volume containing 10X
PCR buffer (10 mM Tris-HCl; pH 8.3; 50 mM KCl), 10 mM of deoxynucleotide triphosphate (dNTPs) mix, 25
mM MgCl2, Each forward and reverse primers (10 pM) and 1 unit Taq DNA polymerase.
RESULTS
Molecular analysis for transgene in segregating population
PCR analysis was carried out to confirm the transgene in segregating population in T5 generation of transgenic
tomato lines. Total 100 plants were grown for T5 population which was screened through PCR analysis (Figure
6). Out of 100 samples, 59 transgenic plants were identified positive for the presence of DREB1A as shown in
Fig. 2. A band of 632 bp was successfully amplified in transgenic plants and positive control (plasmid pBIH).
On the other hand, no amplification was detected in non-transgenic plants.
Inheritance pattern of transgene
Fifty-nine (59) plants out of 100 were found to be transgenic. It showed that PCR data obtained for DREBIA
was well fit into 3:1 ratio which confirmed the normal inheritance pattern for single gene according to First
Mendelian Law of Segregation.
Transgene expression analyses
To assess the expression of transgene at cytoplasmic level, we performed semi-quantitative RT-PCR in
transgenic tomato lines. The cDNA was synthesized from 30 confirmed transgenic plants (Fig. 3). After that
reverse transcriptase PCR was performed by using cDNA as template to confirm the expression behavior of
DREB1A with gene specific forward and reverse primers by standardized PCR conditions as shown in Fig. 4. A
band of 632 bp was successfully amplified in all of the transgenic plants, thereby confirming the expression
consistency in T5 generation.
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Table 1 Details of transgenic and non-transgenic tomato lines
S. No.
1
2
3
4
5

Lines
MM-5(1)
MM-5(8)
MM-5(18)
MM-22(2)
MM-22(6)

S. No.
6
7
8
9
10

Lines
MM-7(10)
MM-7(12)
MM-7(18)
MM-2(5)
MM-2(15)

S. No.
11
12
13
14
15

Lines
MM-36(16)
B-5(15)
B-6(6)
B-6(9)
B-16(3)

S. No.
16

Control lines
Moneymaker
Moneymaker
Moneymaker
Moneymaker
Moneymaker

Table 2 Outcomes of introgression experiment
Total PCR
Pure line

Transgenic (T5)

PCR response of crosses

BSX-935

positive
1

2

3

4

5

6

7

8

9

10

MM-14(10)

-

+

+

+

-

-

-

-

+

-

4

MM-14 (19)

+

-

-

+

-

+

+

+

-

-

5

MM-14(14)

-

+

-

+

-

+

-

-

-

-

3

MM-13 (20)

-

+

-

-

-

+

+

-

-

+

4

MM-49(1)

+

-

-

-

-

+

+

-

-

-

3

MM-49 (2)

+

-

-

-

-

+

+

-

+

-

4

MM-15 (6)

-

+

-

+

+

-

-

-

+

-

4
Total PCR

Pure line

Transgenic (T5)

PCR response of crosses

95017

positive
1

2

3

4

5

6

7

8

9

10

MM-14(10)

+

+

+

+

-

-

-

-

-

-

4

MM-14 (19)

+

+

-

-

-

-

-

-

-

-

2

MM-14(14)

+

+

+

-

-

-

-

-

-

-

3

MM-13 (20)

+

-

+

+

-

-

-

+

-

-

4

MM-49(1)

+

+

-

-

-

+

-

-

-

-

3

MM-49 (2)

-

-

-

+

+

-

+

+

-

-

4

MM-15 (6)

+

-

-

-

-

-

+

+

-

-

3

MM-15(11)

+

+

+

+

-

+

-

-

-

-

5
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Fig. 1 PCR profile for the expression of DREB1A gene in transgenic tomato genotypes

Fig. 2 PCR analysis for presence of DREB1A gene fragment (632 bp) in transgenic tomato lines: Lanes
M 1 kb DNA Ladder (Fermentas), Lane P positive control (plasmid pBIH), Lane N negative control (NT
tomato), Lanes 1–54 transgenic plants of Moneymaker.

Fig. 3 Total RNA extraction from transgenic tomato plants of Moneymaker
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Fig. 4 RT PCR analysis of transgenic tomato plants. Lanes M 1 kb DNA Ladder (Fermentas),
Lane P positive control (pBIH-CBF3 as template), Lane N negative control (non-transgenic
tomato), Lanes 1–28 transgenic plants of Moneymaker.

Fig. 5 Comparison of morphological parameters, FS (Fruit size), NSF (no. of seeds per fruit), NFP
(no. of fruits per plant), P (Plant height)
Comparison among transgenic and non-transgenic plants on morphological basis
The T5 transgenic lines were compared with their non-transgenic plants on the basis of following morphological
characteristics:
Plant height
From this study, it has been confirmed that transgenic lines didn’t show any significant difference for plant
height as compared to non-transgenic lines under normal growth condition as shown in Fig. 5. The average plant
height in transgenic plants was observed as 71 cm in comparison with non-transgenic plants (G-16) in which
average plant height was observed is 70 cm.
Number of seeds per fruit
ANOVA for number of seeds/fruit showed no significant variations for transgenic and non- transgenic plants.
The average number of seeds in transgenic plants was observed as 43 seeds as compared to non-transgenics in
G-16 in which average number of seeds per plant were observed as 40 seeds.
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M

1

M

2

18

19

3

20

4

5

6

7

21

22

23

24

M

36

37

38

39

M

54

55

56

57

M

73

74

M

91

75

92

76

40

58

77

93

41

42

59

60

78

94

8

25

43

61

79

9

26

44

62

80

95

10

27

45
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81

96

11

28

46

64

82

97

12

29

47

13

30

48

65

66

67

83

84

85

98

99

14

31

15

32

33

49

50

68

69 70

86

100

87

16

51

88

101

17

34

35

52

53

71

72

89

90

102

Fig. 6. PCR analysis for presence of DREB1A (632 bp) in F1 hybrids: M represents marker/ladder (Fermentas),
Lanes 1–102 plants from introgression.
Number of fruit per plant
During this study, it has been noticed that there is no significant effect of cold tolerant gene AtDREB1A on the
number of fruit per plant in transgenic lines without any stress as compared to their NT lines (Fig. 5). In
transgenics the highest number of fruits per plant was counted as 26 fruits, while in non-transgenic (G-16), the
maximum number of fruits was counted as 23 fruits.
Fruit size
This study demonstrated that the fruit size of transgenic plants was non-significantly less than their nontransgenic plants (Fig. 5). The highest fruit size (4.39 cm) was observed in transgenics in comparison with nontransgenic G-16 in which maximum fruit size was observed as 4.20 cm.
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Introgression in pure lines
After confirmation of transgenics in T5 generation regarding transgene presence, expression and inheritance we
used those lines to introgress transgene in high yielding pure lines (95017 and BSX-935). Ten (10) crosses were
developed from each transgenic line. Matured seeds from 102 successful crosses were harvested out of total
140. Samples from these F1 hybrids were taken and PCR analysis was performed for confirmation of 632bp of
DREB1A. Fifty-five plant samples were found to be successfully introgressed as shown in Fig. 6.
DISCUSSION
Tomato (Solanum lycopersicum) is one of the major vegetables grown everywhere in the world (Rick, 1995).
But its growth and development are severely affected by low, non-freezing temperatures. Low temperature
disturbs the cell stability and reactive oxygen species (ROS) in plants. These are the major cellular changes in
plants; occur due to stress conditions (Suzuki & Mittler, 2006). Under cold stress different genes in downstream
activate and cause low temperature tolerance in plants (Artus et al., 1996). Cold acclimate tempts the expression
of the CBF as a result it activates other downstream genes that cause cold tolerance to plants (Artus et al., 1996).
Interspecific hybridization is a common natural phenomenon observed both in animals and plants that lead to
introgression (Mallet, 2008). The main objective to introgressing a gene in wild relatives of crops is to study the
effect of transgene transfer on host genetic background (Chapman & Burke, 2006). Introduction of one or few
genes in best performing current cultivars is one the traditional plant breeding approaches. At present, molecular
breeding is most widely used technique for crop improvement. Backcross breeding is mostly preferred when the
aim is to develop the varieties with desired characters that may be monogenic or polygenic in nature (Moose &
Mumm, 2008). The transcriptional factor (DREB1A) is involved in enhancing cold tolerance under stress
conditions in T2 generation, which has already been proved in previous research studies (Shah et al., 2015; Shah
et al., 2017a; Shah et al., 2017b). The present study is the extension of these previous studies and we have
confirmed successful expression of the transcriptional factor in T4 generation. The key objective of our study is
the introgression of desired gene into two pure tomato lines for the induction of cold tolerance through
conventional breeding.
Similar to our study, Zong et al. (2016) cloned and characterized AaDREB1 gene from the cold-tolerant
plant Adonis amurensis, encoding the DREB1 transcription factor. Results from qRT PCR showed that
AaDREB1 expressed itself under chilling, salinity and water deficit conditions. From these results, it was
concluded that by transferring AaDREB1 through genetic engineering could play an important role in crop
improvement against different stresses. Sarkar et al. (2016) developed eight transgenic lines in peanut by
transferring AtDREB1A gene through Agrobacterium. Transgene confirmation was done by PCR and Dot-blot
analysis in T0, while southern blot analysis was done to confirm the copy numbers. The results indicated that
the expression of transgene was significantly correlated with physiological and biochemical characteristics.
Similar results were secured by Aakash et al. (2013) who studied the cold stress response in Jumli Marshi and
found 4636 genes that were expressing significantly in 24 h of low temperature.
Our findings were in line with Patade et al. (2013) who studied osmotin and other stress responsive genes in
transgenics and wild type tomato plants. After exposure to cold stress, it has been observed that changes
occurred that demonstrated degree of transcriptional regulation in transgenic plants. From these results, it has
been concluded that chilling stress tolerance in transgenic plants was mainly due to over expression of Osmotin
modulate transcript and functional products of other stress responsive genes. In an earlier study, Singh et al.
(2011) worked against to enhance such type (cold) of tolerance in tomato by over-expressing At-CBF1 gene.
The transgenic plants had higher relative water contents than that of NT plants after contact to chilling stress and
indicated better adaptive capability under chilling stress.
The proposed study was envisaged to screen the transcription factor in T5 generation. Our findings were in
confirmatory with the earlier findings by Elizondo and Oyanedel (2010) who evaluated two Nearly Isogenic
Lines of cold-resistant wild tomato Solanum habrochaites (S. Knapp & D. M. Spooner) with introgression in
chromosome 2 and 3. Four plantings were used as experimental material and exposed to different environmental
stresses. Different morphological parameters like yield, plant growth and fruit setting were calculated after two
successive 10 days period. No significant differences were found for these morphological traits and it was
recommended that near isogenic lines should not be used to get cold tolerant varieties because of linkage drag
and inability to perform under different environmental stresses. Our results agreed with the earlier proposition
by James et al. (2008) who isolated DREB1/C-repeat binding factor from wild barley. Sequence comparison
between Hordeum spontaneum L. and Hordeum vulgare L. was done. Lots of conservative sequences were
found between them. It was reported that HsDREB1A gene with stress-inducible promoters HVA1s and Dhn8
can activate different reporter genes. In this study, HsDREB1A was sub cloned with HVA1s promoter and
transferred into bahiagrass (Paspalum notatum Flugge) cultivar ‘Argentine’. It was observed that under severe
salinity and drought stress conditions plants with HsDREB1A survived under stress conditions
9
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Boyce et al. (2003) found that the sfr6 mutant of Arabidopsis show inefficiency when plants acclimatized to
low temperature. It has also been confirmed that sfr6 mutant was incapable to join with stress inducible genes of
cold, drought and abscisic acid when they had C- repeat binding elements in their promoter. It has also been
confirmed that sfr6 also affected levels of proteins and their expression when mutation occurred. Through
microarray analysis, it has been observed that sfr6 had ability to affect promoters with C-repeat binding
elements. Our findings were harmonious with the earlier report by Hsieh et al. (2002) who studied effects of
overexpression of DREB in tomato, an Arabidopsis DREB gene with β-glucuronidase (GUS) as marker gene
were transferred into the tomato genetic background through Agrobacterium mediated transformation. Plants
were tested on kanamycin-containing medium and confirmed that transgenics were recognized through GUS
histochemical staining assays to confirm the expression of transgene. Using Southern-blot analysis it has been
confirmed that 35S: CBF1 transgene was successfully transferred.
Our results noticeably signify that engineering of tomato with DREB1A gene has improved ability to survive
under low temperature conditions and improved its yield during antagonistic environment via cold stress. Our
conclusions are consistent with the earlier report by Murata and Tasaka (1997) who demonstrated that the
efforts have been made to improve cold tolerance in plant through genetic engineering. Desaturation of fatty
acids and higher rate of unsaturated fatty acids in plants cell membrane can improve the plants ability to cope
with cold temperature. Contrary to our findings, Challam et al. (2015) reported that CBF1 and CBF2 were two
TFs that played key roles in improving plant’s stress tolerance ability under cold conditions. In order to confirm
whether these two TFs have ability to tolerate low temperature, these two transcription factors were transferred
in different varieties of rice to check their performance under cold conditions. Through expression analysis gene
was confirmed in shoots of both susceptible and tolerant varieties. Sequence analysis of 20 varieties revealed
that the difference of eight nucleotides was found. To find the nucleotide diversity In silico analysis was done in
400 varieties of rice and very low difference was found between DREB loci and one other gene (MYB2)
involved in DREB pathway. No significant differences were found for traits like no linkage between plant
seedling stage and CBFs; they are only responsible for cold stress tolerance in plants.
Under normal growth conditions, no significant difference was found between transgenic and non-transgenic
plants. Similar type of findings was reported by Singh et al. (2011) who engineered tomato with AtDREB1 gene
with cold inducible promoter rd29A for chilling stress and reported that transgenic plants had no significant
difference for plant height when compared with NT plants under normal growth conditions. During our study,
no significant differences were found for number of fruit per plant between transgenic and NT plants without
any stress. Similar to our findings Jin et al. (2012) found that there was no effect of over-expression of PLI gene
in tomato for higher number of fruits per plant in transgenic plants as compared to their wild type plants. In
order to determine the role of transgenic element AtDREB1A gene on seed yield, a comparative analysis
revealed that there was no significant difference between transgenic and non-transgenic plants. It was also
noticed that transgenic plants had non-significantly less fruit size as compared to non-transgenic plants. Similar
type of results was recorded by Singh et al. (2011) in comparative analysis of morpho-agronomical
characteristic of transgenic tomatoes and reported non-significant differences between transgenic and their
isogenic counterparts. The non-significant analysis of morphological traits between transgenic and nontransgenic lines depicts that transgenic lines did not exhibit somaclonal variation. These lines were at par with
non-transgenic lines in all of the parameters studied. Somaclonal variation could arise from number of factors
such as plant tissue culture conditions (growth hormones, prolonged culture conditions etc.) and genetic
transformation.
CONCLUSION
From the current study it was concluded that transgene DREB1A was still successfully expressed in segregating
population (T5 generation). Transgene was also successfully introgressed into two high yielding varieties by
conventional breeding approach, which was confirmed by PCR analysis. From morphological study it has also
been concluded that there was no significant difference among transgenic and non-transgenic plants and
transgenic lines were stable in morphological parameters still in T5 generation. F1 hybrids produced by
introgression can be used in backcrossing for the development of Near Isogenic Lines (NILs). These NILs can
be evaluated for cold stress tolerance under field conditions and released as commercial cold tolerant varieties
following the National Biosafety Rules of Pakistan.
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Key Message: This study reveals that tillage systems affect the soil weed seed bank that is a potential threat for
potential yield of rainfed wheat. This study will provide the clear picture of the weeds for their sustainable
management.
ABSTRACT: Weeds reduce the potential yield of many crops as they are the host of many pests and diseases that
ultimately deteriorate the quality and quantity of the produce. Therefore, this study was conducted to determine the
weed seed bank in arid zone area of Pakistan. This study reports the results of a 2 years experiment that was carried
out at University Research Farm, Chakwal Road, Rawalpindi to assess weed seed bank response against different
tillage systems in rain fed wheat. Experiment was arranged in Randomized Complete Block Design (RCBD) with
four tillage treatments repeated thrice. These tillage treatments i.e. T 1 = conventional tillage (farmer’s practice), T 2 =
zero tillage, T3 = disk harrowing + glyphosate + direct seeding and T 4 = chiseling + glyphosate + direct seeding were
applied in kharif season, 2013 (Kharif crops are those crops which are grown on the onset of monsoon season i.e.
from July to October each year) just after harvesting of wheat crop of previous rabi season, 2012-13 (Rabi cropping
season is from October to March each year). Soil samples for weed seed bank analysis were collected periodically
from three soil depths i.e. 0-10 cm, 11-20 cm and 21-30 cm at three stages i.e. pre cultivation, pre sowing and post
harvesting stages. The results demonstrated that higher seed species density, weed species diversity, species
frequency, dominant weed seed species, relative density, relative frequency, relative importance of species, temporal
distribution of species were reported at post harvesting stage as compared to pre-cultivation and pre-sowing stages.
This study would enable us to find the clear picture of the weed seed bank present in these soils to design future
weed management strategies.
Keywords: Chiseling, Conventional tillage, Glyphosate, Weeds growth, Wheat, Zero tillage
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INTRODUCTION
Agriculture plays a major role in the economy of Pakistan as it contributes 21.8% to GDP of Pakistan (Khan et al.,
2011). About 27% of total area of country is being used for agricultural production in Pakistan, in which 30% area is
under rainfed and 70% area is irrigated. The 19% area of province Punjab lies in the rainfed region of Pothwar
(Agency for Barani Areas Development [ABAD], 1996). Rainfed agriculture is substantial part of the economy of
Pakistan and it includes 17% of the total area cropped in the country (Adnan et al., 2009). Wheat, being a staple diet
of the country, is considered as the most important cereal crop. In Punjab, wheat is grown on the estimated area of
6.69 million hectares with 19.04 million tons production with average yield of 2737 kg/ha. Whereas in barani tract
(Areas where the growing of crops totally depends on rainfall with no irrigation system), wheat covered an area of
549.1 thousand hectares with 431.3 thousand tons production having 1005 kg/ha average yields in the province
(Government of Pakistan [GOP], 2011). It is the most value added crop in the barani areas of Pakistan (Hayat & Ali,
2010). According to Ashraf et al. (2007), wheat can yield more than 2964 kg/ha in rainfed areas. But in these areas,
average per acre yield remains extremely low due to scarce soil moisture, low soil fertility and dense weed
infestation (Razzaq et al., 2002; Naz et al., 2010; Ahmad et al., 2012). But weed infestation is one of the most
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considerable factors in reducing the yield potential of wheat (Vasileiadis, 2007; Khan et al., 2012). Ahmed and
Sheikh (2003) reported that in barani areas the wheat yield decreases 20-40% of the total wheat produced under
rainfed conditions due to weeds competition. Weeds are considered to be the biggest competitor of the domesticated
crops as they compete for light, moisture, space, nutrients and solar radiations (Kadioglue et al., 2005).
Weeds act in several ways to reduce the potential yield of many crops as they are the host of many pests and
diseases that ultimately deteriorate the quality and quantity of the produce (Lehoczky & Reisinger, 2003). They
impede cultural operations and hinder harvesting of crops. Some weeds release toxic chemicals (allelochemicals)
which hamper growth and development of crop plants (Weston & Duke, 2003; Belz, 2007). Weeds survival
mechanism make them special component in the ecosystem because they have adopted special features to survive
and reproduce such as higher germination rates, dormancy, quick establishment, large number of seed production,
adoption to the unfavorable surroundings and hard nature of the plants. These features have enabled the weeds as
highly diversified and the biggest competitor of the domesticated plants (Wijdeven & Kuzee, 2000). Weeds compete
with the standing crops for all resources which are required by the plants, at the same time they act as an alternative
host for many pests and diseases. So, in the barani tract, the weeds are the most limiting factor of the potential yield
after moisture deficiency aspect. One of the other factors which distinguishes the weeds from other vegetation on the
planet earth is their difficulty of eradication, as they are very resistant to the applied herbicides (Dhawan et al.,
2008). The other considerable factors in weeds eradication are the unavailability of cheap labor and mechanical
instruments that may be difficult at certain stages of the crops that are termed as the critical stages of the crops.
Soil seed bank is the ultimate store house for both the weeds and crops, as the seed which are in dormant
conditions are stored in soil seed bank. Therefore, it is important to understand the nature and pattern of the soil seed
bank of different soils keeping in mind the economical and ecofriendly strategies to control the weeds at regular
intervals (Forcella et al., 2004). The understanding of the soil seed bank is also necessary for the prediction of
potential weeds emergence, estimating of the weed crop competition, forecasting the weed flora in future and
designing better approach to control weeds. Proper management of weed seed bank resulting in the control of weed
infestation is an important option for weed management (Sago, 2000). The main source of the weed seed bank
establishment is setting of the seeds from locally matured weeds species which set their seeds under field conditions
and disseminate the seeds on the soil surface, ultimately establish the weed seed bank. Weeds seeds have different
destinies after their dispersal as some of the seed will germinate, grow further, will be eaten by the birds, animals,
decayed in weathering process and other will remain dormant until favorable environment reaches (Menalled, 2008).
Tillage is considered as the basic tool in agricultural operations for all preparatory steps including seed bed
preparation, conserving moisture, controlling weeds and improving the infiltration rate along with better soil
physical properties. These characteristics have direct impact on the productivity of crop (David et al., 2006). Weed
control was lately shifted to the chemical control methods instead of tillage in most of the conventional farming
systems (Saini et al., 2006). This shift was due to a number of problems caused by the extensive use of tillage as the
implements used during tillage deteriorate the quality and physical conditions of the soil during weed control
programs. So it is advised that soil should be covered with the leftover of previous crop in order to conserve the soil
from physical distraction (Aykas et al., 2004). Intensity and method of tillage change the vertical distribution of soil
seed bank and most importantly the weeds that emerge from the nearby seeds present in the soil surface (Swanton et
al., 2012). Soil seed bank may be affected by the type and process of the tillage (Vanasse & Leroux, 2000; Reuss et
al., 2001; Lutman et al., 2002), weed biotype and seed size (Reuss et al., 2001; Grundy et al., 2003), crop rotation
(Cardina et al., 2002), weed management practices (Cardina et al., 2002; Ranjit et al., 2007) herbicide use (Hyvonen
& Salonen, 2002) and tillage practices. Recent researches have shown that in no tillage system there is greater
proliferation of weeds as the weed density and diversity is more, when compared other tillage systems (Menalled et
al., 2001; Cardina et al., 2002; Torresen & Skuterud, 2002). Zero tillage and minimum tillage left the weed seed
bank near or on the surface of the soil (Chauhan et al., 2006) and it usually appeared that due to less tillage
operations, the weeds emerge vigorously and have higher population rates as compared to those where extensive
tillage systems are practiced (Chauhan & Johnson, 2009).
To the best of our knowledge, this is the first report about the determination of the weed seed bank under
different sort of tillage systems in the arid zone of Pakistan. This study would enable us to find the clear picture of
the weed seed bank present in these soils in order to manage the weeds problem relying on the available sources
while practicing appropriate tillage systems. This study was aimed to find the effect of different tillage systems in
order to determine the density and composition of weed seed bank present in the soils of arid zone of Pakistan. It
was also aimed to find out the effect of different tillage systems on the vertical as well as temporal distribution of
soil weed seed bank.
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MATERIALS AND METHODS
The present study was conducted during the years 2012 to 2014 at PMAS, Arid Agriculture University Research
Farm, Chakwal Road, Rawalpindi, Pakistan. In this study, the crop was sown on October every year and harvested
on April every year. Four tillage treatments (Table 1) before sowing of wheat crop was applied in the field from
where soil samples were collected periodically from different depths and stages for comparison of soil weed seed
bank. The sampling was done on three stages namely pre-cultivation stage (S1), pre-sowing stage (S2) and postharvesting stage (S3) at three sampling depths i.e. D1 = 0-10 cm, D2 = 11-20 cm and D3 = 21-30 cm. The field
experiment was conducted in the field using randomized complete block design (RCBD) having three replications.
Each plot size of the tillage system was 13 m x 9 m. The wheat cultivar Chakwal 50 was sown @ 100 kg/ha in 25
cm apart rows. The NPK fertilizer was applied @ 90-60-60 kg/ha in the form of urea, diammonium phosphate and
potassium sulphate, respectively. Half dose of nitrogen and full dose of PK was applied at the sowing time and
remaining half dose of nitrogen was applied at booting stage. In plots of zero tillage and reduced tillage, sowing of
wheat was done with no-till sowing drill but in case of conventional tillage, sowing of wheat was done using tractor
drawn seed cum fertilizer drill. In reduced tillage, a non-selective herbicide (Glyphosate) was sprayed when needed
at the recommended dose to control the weeds during fallow period. Conventional tillage was done according to the
farmer’s practice during the fallow period. This was involved once deep tillage with moldboard plow on the onset of
monsoon followed by one shallow cultivation with cultivator after each heavy rainfall with a total of 8 cultivations
including seed bed preparation. While in zero tillage system no any tillage practice was done before sowing of crop
but the weeds during fallow period was controlled with a non-selective herbicide (Glyphosate) as and when
required. The sowing of crop was done by using no till drill. In third treatment, disc-harrowing was done at the 1st
flush of weeds after monsoon rains, while during fallow period weeds was controlled by using Glyphosate as per
requirement. The winter wheat was seeded with no-till drill. In fourth treatment, chisel plow was used before the
onset of monsoon and then fallow period weeds were controlled with Glyphosate as per need and direct sowing was
done with no-till drill.
Table 1 Four tillage systems that were applied before the sowing of wheat crop
Treatment name
T1
T2
T3
T4

Tillage system
Conventional tillage system (Farmer’s Practice)
Zero tillage
Disc harrowing + Glyphosate + Direct seeding
Chiseling + Glyphosate + Direct seeding

Soil sampling
Five soil samples was collected through W arrangement for making a representative working sample from three soil
depths i.e. (0-10), (11-20), (21-30) by using steel probe having 2.5 cm diameter from each plot at three stages i.e.
(pre-cultivation), (pre-sowing), (post-harvesting). Samples were stored at room temperature in the dark until
processing.
Sieving method
Seeds were extracted from soil by sieving of soil sample through various sieves with different mesh sizes following
the method devised by Konstantinovic et al. (2011).
Parameters studied
Seed density (m-2)
The total number of viable seeds in each working sample was counted and converted into number of seeds m-2.
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Species absolute frequency (AF)
Weed frequency (the number of samples in which a weed species occurs relative to the total sample studied) was
recorded by the following formula.

Relative density of species (RD)
Relative density was calculated from the density data for each species by the following formula.

Relative frequency of species (RF)
Relative frequency was calculated by taking absolute frequency of each species individually and by aggregation.

Where
Total absolute frequency of all weed seeds = the sum of all the individual species absolute frequencies.
Relative importance of species (RI)
The relative importance (RI) index was calculated according to Cardina et al. (2002).

Where
RD = Relative density
RF = Relative frequency
Species vertical distribution
Vertical species distribution was calculated through the density and frequency data recorded from different depths of
soil.
Species temporal distribution
Species temporal distribution was calculated by the data of three stages. Statistical analysis was not applied on data
due to large differences in coefficient of variations.
RESULTS
Weed seed density (m-2) in soil weed seed bank under different sampling stages
More weed seeds were extracted at post-harvesting stage S3 (41048 seeds m-2) followed by pre-cultivation stage S1
(39261 seeds m-2) and the lowest seed density was recorded at pre-sowing stage S2 (37007) from the soil samples at
the upper 0-10 cm soil depth (Table 2). Results at the pre-cultivation stage (S1) showed that seeds of weed species
Chenopodium album, Fumaria indica, Asphodelus tenuifolius and Convolvulus arvensis were dominant with the
densities of 16508, 7786.7, 3230.6 and 3110, respectively. The data recorded at stage (S3) showed the highest value
of 19287 observed by Chenopodium album followed by Fumaria indica, Asphodelus tenuifolius Melilotus indica
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and Euphorbia helioscopia with the seed density of 8327.2, 3215, 2862.8 and 2595.6 respectively whereas the least
value recorded was Vicia sativa (40.56). Comparison of weed seed density m-2 among different sampling stages at
the depth of 11-20 cm indicated that higher weed seed density m-2 at post harvesting stage S3 (24723.1) was
extracted than other two stages S2 (23575.2) and S1 (21432.6) respectively. At stage S1, the seeds of Chenopodium
album, Fumaria indica, Asphodelus tenuifolius and Convolvulus arvensis were found to be dominant with the
densities of 8482, 4456.7, 2102.8 and 1893.1 seeds m-2, respectively. The Chenopodium album showed the highest
seeds density with value of 11213 which was followed by Fumaria indica, Melilotus indica, Asphodelus tenuifolius
and Convolvulus arvensis with the densities of 5615.8, 1953.6, 1940.8 and 1654.7, respectively. Data regarding
weed seed density m-2 in weed seed bank at study area at the depth of 21-30 cm indicated that higher weed seeds m-2
was observed at third stage S3 (16249.5) the seed density recorded at stage S2 (14140.9) and the least one value was
recorded at stage S1 (12077.3). Seeds of Chenopodium album (5560.6), Fumaria indica (2008.3), Asphodelus
tenuifolius (1244.4) and Euphorbia helioscopia (758.3) were found to be higher as compared to other weed species
at S1. At second stage (S2), higher densities were observed for Chenopodium album (6257.2), Fumaria indica
(2977.8), Asphodelus tenuifolius (1325.6) and Euphorbia helioscopia (991.39), while least density was recorded by
Vicia sativa (39.17) in lower layer at S2. The results of seed densities at third stage (S3) showed the highest density
by Chenopodium album (7670.2) which was followed by Fumaria indica, Asphodelus tenuifolius, Euphorbia
helioscopia and Melilotus indica with densities of 3414.9, 1433.5, 1121.1 and 1069.7 respectively, the least density
m-2 recorded for Lathyrus aphaca (78.33).
Weed seed density (m-2) in soil weed seed bank affected by different tillage systems
Total seed density m-2 at the depth of 0-10 cm under different tillage systems varied from 35816 seeds m-2 in
conventional tillage system (T1) to 44382.7 seeds m-2 in zero tillage system (Table 3). Among different weed
species, Chenopodium album had the highest seed density in all tillage systems i.e. T 1 (17763), T2 (18565), T3
(15847) and T4 (15892) showing the most abundant species following Fumaria indica with the densities of 7782.6,
8760.7, 7713.3 and 6614.4 in all tillage systems respectively. In T 1, other weed species Melilotus indica, Asphodelus
tenuifolius and Euphorbia helioscopia with seed density of 2360, 2275.2 and 2039.3 (m-2), respectively were
densely populated whereas Euphorbia dracunculoide had minimum seed density (98.89). In T1, the two species
Avena fatua and Vicia sativa were not found. In T2, after Chenopodium album and Fumaria indica, the highest seed
of Asphodelus tenuifolius (4136.7) and Convolvulus arvensis (3341.9) were found, while the lowest seed density m-2
was observed for Euphorbia dracunculoide (56.3), species Vicia sativa was absent in this tillage system. In T3,
weeds seeds of Chenopodium album (15847) followed by Fumaria indica, Asphodelus tenuifolius and Convolvulus
arvensis with density of 7713.3, 3621.1 and 3355.9 respectively were densely populated in the weed seed bank of T3
while minimum density was recorded of Euphorbia dracunculoide (95.56). In T4, higher numbers of weed seeds
were observed of Fumaria indica, Asphodelus tenuifolius and Melilotus indica with the densities of 6614.2, 3773.7
and 3042.6 respectively after Chenopodium album whereas the least weed seeds were recorded for Euphorbia
dracunculoide (155.93), seeds of two weed species Anagallis arvensis and Lathyrus aphaca were not observed in
T4. Weed seed density m-2 as affected by different tillage systems at the depth of 11-20 cm showed that maximum
weed seed density was observed in T 4 (26367) followed by T3 (25477.4), T1 (22884.6) and T2 (18245.2). Species
wise seed density m-2 demonstrated that in T1 Chenopdium album attained highest seed density of 9189 which was
followed by Fumaria indica (4884.1), Asphodelus tenuifolius (2263.3) and Convolvulus arvensis (2006.3) whereas
the lowest seed density was recorded for Euphorbia dracunculoide (97.778). For T2, besides Chenopodium album
(8440), seeds of Fumaria indica (4286), Convolvulus arvensis(1397) and Melilotus indica (1249.9) were densely
populated in weed seed bank, while minimum seed density was observed for Euphorbia dracunculoide (49.63) and
three species were absent in this tillage system i.e. Avena fatua, Carthamus oxyacantha and Vicia sativa. For T3, the
highest weed seeds density m-2 of Chenopodium album (10493) was observed which was followed by Fumaria
indica (5695.9), Asphodelus tenuifolius (2516.3) and Convolvulus arvensis (1751.5) respectively, and the least value
was showed by Lathyrus aphaca (228.15). In T4, maximum density of weed seeds was recorded for Chenopodium
album (10664). This was followed by Fumaria indica (6447.8), Asphodelus tenuifolius (2380.4) and Melilotus
indica (2203.3). Minimum seed density was observed Vicia sativa (55.185). Seed density m-2 under different tillage
systems at the depth of 21-30 cm revealed that the highest total seed density m-2 (15365.9) was recorded in the T 3,
while the lowest seed density was attained in the T 1 (10675.9). Species wise density showed that the highest weed
seeds were recorded for Chenopodim album (5552.6) followed by Fumaria indica (2128.9), Asphodelus tenuifolius
(1047.4) and Euphorbia helioscopia (522.2), while the lowest seed density was observed for Euphorbia
dracunculoide (4.261) in T1. In T2 maximum seed density (5355.2) was recorded for Chenopodium album followed
by Fumaria indica (2801.9), Asphodelus tenuifolius (1294.8) and Convolvulus arvensis (966.7), while minimum
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density (50.37) was observed for Euphorbia dracunculoide. For T3 maximum density (6745.6) was examined for
Chenopodim album which was followed by Fumaria indica (3109.6), Asphodelus tenuifolius (1570.7) and
Euphorbia helioscopia (1061.5). In T4, it was observed that maximum weed seed density m-2 was presented by
Chenopodium album (8330.7) followed by Asphodelus tenuifolius, Melilotus indica and Euphorbia helioscopia with
values of 1425, 1294 and 1292.2, respectively. The least value was observed for Euphorbia dracunculoide (45.333).
Absolute frequency of weed species under different sampling stages
The data regarding absolute frequency of weed seed presented in Table 4 showed that there was differential effect of
tillage systems on weed seed bank at different sampling stages of the study area. Absolute frequency of weed
species was recorded through sieving extraction method from the obtained soil samples from different soil layers.
Data given in Table 4 at the depth of 0-10 cm demonstrated that at all the three sampling stages, Chenopodium
album was the most frequently weed species followed by Fumaria indica and Asphodelus tenuifolius with the
frequency of 1, 1.00 and 0.86 in S1 while 1.00, 0.97 and 0.50 respectively in S2. The data regarding absolute
frequency of weeds seed in the middle layer at different sampling stages showed that the highest frequency values
for Chenopodium album in three stages i.e. S1, S2 and S3 had frequency of 1.00, 1.00 and 0.97, respectively. Other
frequently occurred weeds seeds were Fumaria indica and Asphodellis tenuifolius in S1 and Fumaria indica,
Asphodellis tenuifolius and Convolvulus arvensis in S2. Whereas, the least frequently distributed species in S3 was
Lathyrus aphaca with absolute frequency of 0.06. At the depth of 21-30 cm it was observed that Chenopodium
album with the absolute frequency of 0.64, 0.58 and 0.63 in S 1, S2 and S3, respectively, was the most dominating
species. In S1, other frequently occurred species were Fumaria indica, Asphodelus tenuifolius and Convolvulus
arvensis with the frequencies of 0.39, 0.39 and 0.42, respectively. While in S2, Fumaria indica (0.47), Convolvulus
arvensis (0.42) and Melilotus indica (0.33) were frequently occurred. The lowest absolute frequency was observed
for Lathyrus aphaca (0.05) in S3.
Absolute frequency of weed species affected by different tillage systems
Tillage systems affected on species absolute frequency demonstrating that maximum absolute frequency was
observed for Chenopodium album in all tillage systems having absolute frequency of 1.00 in T 2, T3, T4 and 0.96 in
T1 (Table 5). In T1, other than Chenopodium album, Fumaria indica, Asphodelus tenuifolius, and Convolvulus
arvensis were observed more frequent with absolute frequencies of 0.96, 0.89 and 0.74, respectively, while less
absolute frequency of 0.06 for Lathyrus aphaca was recorded at 0-10 cm depth. In T2, Chenopodium album,
Asphodelus tenuifolius and Fummaria indica showed absolute frequency values of 1.00, 0.85 and 0.85, respectively.
In T3, after Chenopodium album, Fumaria indica (0.89), Convolvulus arvensis (0.70), Asphodelus tenuifolius (0.70)
and Euphorbia helioscopia (0.70) were frequently occurred in study area. In T4, the highest frequency of 1.00 was
noted for Chenopodium album and Fumaria indica was (0.89) and these were followed by Asphodelus tenuifolius
(0.85) and Fumaria indica (0.81). Data pertaining to absolute frequency under different tillage systems at 11-20 cm
depth illustrated that in T1 more frequently weed species were Chenopodium album (0.96), Fumaria indica (0.89),
Asphodelus tenuifolius (0.74) and Convolvulus arvensis (0.67), while minimum absolute frequency with value of
0.04 was recorded for Euphorbia dracunculoide at 11-20 cm depth. In T2, the most frequently occurred species was
Chenopodium album (1.00) followed by Fumaria indica, Asphodelus tenuifolius, Convolvulus arvensis with the
absolute frequencies of 0.81, 0.59 and 0.48, respectively. In T3, maximum absolute frequency (1.00) was observed
for Chenopodium album which was followed by Fumaria indica (0.81), Asphodelus tenuifolius (0.59) and
Convolvulus arvensis (0.48). Chenopodium album was the most frequently occurred with absolute frequency of 1.00
followed by Fumaria indica (0.96), Melilotus indica (0.48) and Asphodelus tenuifolius (0.44) in T4. At 21-30 cm
depth tillage systems, the seed of Chenopodium album (0.74) was found to be frequent in T1 which was followed by
Fumaria indica (0.56), Asphodelus tenuifolius (0.37) and Convolvulus arvensis (0.33). Lathyrus aphaca (0.04) was
the least frequently observed at this depth. In T 2, the species more frequently occurred were Chenopodium album
(0.74), Fumaria indica (0.48), Euphorbia helioscopia (0.44) and Asphodelus tenuifolius (0.41), while the lowest
absolute frequency was recorded for Anagallis arvensis (0.07). In T3, the highest absolute frequency was examined
for Chenopodium album (0.52) which was followed by Convolvulus arvensis, Fumaria indica and Asphodelus
tenuifolius with the absolute frequencies of 0.44, 0.41 and 0.30, respectively. The lowest absolute frequency was
observed for Avena fatua (0.04). In T4, after Chenopodium album (0.47), Convolvulus arvensis (0.43), Asphodelus
tenuifolius (0.40) and Fumaria indica (0.39) were more frequently found in the soil weed seed bank.
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Species relative density under different sampling stages
Table 6 showed the relative density regarding to the weed species which were present in soil weed seed bank at
different soil depths i.e. 0-10 cm, 11-20 cm and 21-30 cm at three different stages S1, S2 and S3. It indicated that at
0-10 cm depth, Chenopodium album, Fumaria indica, Euphorbia helioscopia, Melilotus indica and Asphodelus
tenuifolius gave higher value of 50.54, 23.80, 6.10, 5.98 relative density than that of rest of species in S1. While in
S2, Chenopodium album, Fumaria indica, Asphodelus tenuifolius and Melilotus indica gave density values of 43.14,
20.57, 9.13 and 6.86, respectively. In S3, the relative density of seeds of species Chenopodium album, Fumaria
indica, Melilotus indica with relative density of 42.84, 19.18 and 8.32, respectively were recorded. The data relating
to species relative density at 11-20 cm depth revealed that in S1, maximum relative density of 53.48 was observed
for Chenopodium album which heavily infested the weed seed bank. It was followed by Asphodelus tenuifolius
(19.81) and Fumaria indica (8.19), respectively. In S2, the highest relative density was recorded for Fumaria indica
(40.48) followed by Chenopodium album (40.06), Asphodelus tenuifolius (4.90) and Melilotus indica (3.64). In S3,
the highest relative density was recorded for Chenopodium album (48.62) followed by Fumaria indica (27.66),
Melilotus indica (5.62). Data regarding relative density at lower soil depth (21-30 cm) under different stages showed
that in S1, the highest relative density was observed for Chenopodium album (42.62) which was followed by
Convolvulus arvensis, Fumaria indica and Euphorbia helioscopia with the relative densities of 16.81, 12.38 and
10.62, respectively. In S2, maximum relative density (25.50) was examined for Fumaria indica followed by
Chenopodium album (25.13), Convolvulus arvensis (19.03) and Asphodelus tenuifolius (17.76). In S3, Fumaria
indica (30.41) showed the highest relative density which was followed by Convolvulus arvensis, Asphodelus
tenuifolius, Chenopodium album and Euphorbia helioscopia with values of 20.87, 20.33, 17.94 and 10.06.
Species relative density affected by different tillage systems
The data regarding relative densities in different tillage systems at 0-10 cm depth revealed that Chenopodium album
represented maximum relative density of 48.7 compared to the other species in T1 followed by Fumaria indica
(19.84), Melilotus indica (7.03), Asphodelus tenuifolius (6.28) and Convolvulus arvensis (5.82) (Table 7). For T2, the
highest relative density (38.33) was recorded for Chenopodium album followed by Fumaria indica (21.78),
Asphodelus tenuifolius (9.76) and Melilotus indica (8.19). In T3, Chenopodium album was the most dominating
species with relative density of 45.19. For T4, maximum relative density of 49.80 was observed for Chenopodium
album followed by Fumaria indica (20.71), Asphodelus tenuifolius (6.88) and Euphorbia helioscopia (6.57).
Euphorbia dracunculoide showed the lowest relative density of 0.13. Data related to relative density under different
tillage systems at 11-20 cm depth demonstrated that in T1, Chenopodium album (47.45), Fumaria indica (22.59),
Asphodelus tenuifolius (13.21) and Euphorbia helioscopia (4.93) showed higher values of relative density than that
of other species (Table 7). For T2, maximum relative density of 53.52 and 17.25 was recorded for Chenopodium
album and Fumaria indica followed by Asphodelus tenuifolius (11.06) and Melilotus indica (4.56), while minimum
relative density (0.33) was observed for Euphorbia dracunculoide. In T3, the highest relative density of 41.78 was
examined for Chenopodium album whereas other species like Fumaria indica, Asphodelus tenuifolius, Melilotus
indica and Convolvulus arvensis showed relative densities of 30.71, 10.70, 7.28 and 5.97. For T4, Chenopodium
album and Fumaria indica were the most dominant species with relative density values of 46.82 and 31.24. At 21-30
cm soil depth, in T1 tillage system, more abundantly weed species were Chenopodium album, Fumaria indica,
Convolvulus arvensis and Asphodelus tenuifolius with the relative densities of 36.95, 20.76, 20.15 and 14.95,
respectively. The highest relative density was recorded for Chenopodim album (27.68) followed by Fumaria indica
(26.94), Asphodelus tenuifolius (19.38) and Convolvulus arvensis (18.79) in T2. For T3, maximum relative density of
weed seeds was recorded for Chenopodium album (24.15). This was followed by Euphorbia helioscopia (22.52),
Fumaria indica (19.43) and Convolvulus arvensis (16.91). In T4, Chenopodium album had the highest relative
density of 25.45 which was followed by Fumaria indica, Convolvulus arvensis and Asphodelus tenuifolius with the
relative densities of 23.90, 19.75 and 17.26, respectively, while least relative density was observed for Anagallis
arvensis (0.52).
Weed seed relative frequency under different sampling stages
Relative frequency at different sampling stages showed that at 0-10 cm depth, maximum relative frequency was
observed in Fumaria indica (22.16) and Chenopodium album (18.97) (Table 8). These were followed by Asphodelus
tenuifolius (13.72), Euphorbia helioscopia (12.98) and Convolvulus arvensis (12.03). In S2, after Chenopodium
album and Fumaria indica (14.87 for each), Asphodelus tenuifolius (13.92), Melilotus indica (11.94) and
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Convolvulus arvensis (11.76) were more frequently occurred in weed seed bank. In S3 the maximum value was
recorded for Fumaria indica (15.32) and Chenopodium album (14.52). The data about relative frequency of species
at 11-20 cm depth indicated that in S1, the highest relative frequency values ranged from 27.22 and 21.18 recorded
for Chenopodium album and Asphodelus tenuifolius. In S2, after Chenopodium album (25.04), Fumaria indica
(24.35), Asphodelus tenuifolius (11.14) and Convolvulus arvensis (11.13) were more frequently found in the soil
weed seed bank. In S3, the highest value was recorded for Chenopodium album (23.63) followed by Fumaria indica,
Melilotus indica, Anagallis arvensis and Convolvulus arvensis having relative frequency values of 22.63, 13.18,
11.08 and 10.31, respectively. The data pertaining to species relative frequency at 21-30 cm depth is given in Table
8 showed that Chenopodium album occurred frequently with relative frequency of 22.66, while Euphorbia
helioscopia, Convolvulus arvensis, Fumaria indica and Asphodelus tenuifolius showed relative frequencies of 18.98,
16.96, 14.35 and 12.40, respectively in S1. For S2, Chenopodium album (21.46), Convolvulus arvensis (20.22),
Fumaria indica (15.68) and Euphorbia helioscopia (15.33) showed higher values of relative frequency whereas the
lowest relative frequency was observed for the Avena fatua (0.97). For S3, Asphodelus tenuifolius recorded
maximum relative frequency of 25.76 followed by Euphorbia helioscopia, Chenopodium album, Fumaria indica
and Convolvulus arvensis showed 22.56, 20.93, 16.38 and 12.96 relative frequencies, respectively.
Weed seed relative frequency affected by different tillage systems
Results regarding relative frequency at the depth of 0-10 cm showed that Chenopodium album was the most frequent
weed seed in the study area with 17.63 relative frequency in T1 (Table 9). Relative frequency of 17.63 was recorded
for Fumaria indica and 13.59, 11.57 and 11.10 for Asphodelus tenuifolius, Convolvulus arvensis and Melilotus
indica (Table 9). For T2, Fumaria indica was found to be frequent with relative frequency of 16.60, while
Chenopodium album, Asphodelus tenuifolius, Convolvulus arvensis, and Melilotus indica showed relative frequency
of 15.53, 13.58, 13.26 and 11.36, respectively. In T3, relative frequency of 18.79 and 16.01 was observed for both
Fumaria indica and Euphorbia helioscopia.. In T4, the highest relative frequency of 16.78 was observed for
Chenopodium album followed by Fumaria indica (18.53), Euphorbia helioscopia (13.49) and Asphodelus
tenuifolius (13.14). Tillage effects shown in Table 9 at the depth of 11-20 cm indicated that Chenopodium album
and Asphodelus tenuifolius were the most frequent weed seed in T 1 with relative frequencies of 28.43 and 22.42. For
T2, Chenopodium album had found with relative frequency of 22.25 while, Fumaria indica, Asphodelus tenuifolius
Convolvulus arvensis and Anagallis arvensis showed relative frequencies of 20.21, 14.03, 14.04 and 9.73,
respectively. In T3, maximum relative frequencies of 26.26 and 25.48 were presented by Fumaria indica and
Chenopodium album followed by Euphorbia helioscopia, Asphodelus tenuifolius and Convolvulus arvensis with
relative frequencies of 11.13, 10.29 and 9.45, respectively. The highest relative frequency (25.03) was observed for
the most frequently occurring Chenopodium album and least relative frequency of 1.35 was observed for Lathyrus
aphaca in T4. Data presented in Table 9 for the depth of 21-30 cm regarding relative frequency under different
tillage systems showed that Chenopodium album was the most frequent species found in T1 and T2 tillage systems. It
presented the maximum relative frequency of 32.29 in T1 and T2, respectively. For T2, the higher relative
frequencies of 26.04, 22.83, 17.53 and 14.34 were found for Chenopodium album, Convolvulus arvensis, Fumaria
indica and Euphorbia helioscopia, respectively. In T3, after Asphodelus tenuifolius (26.75), Convolvulus arvensis
with the relative frequency of 16.93 was the most frequently occurring species. For T4, more frequently occurring
species were Euphorbia helioscopia, Chenopodium album and Asphodelus tenuifolius with relative frequencies of
30.09, 20.03 and 17.98, respectively.
Relative importance value under different sampling stages
The relative importance (RI) of species presented in Table 10 at 0-10 cm soil depth indicated that Chenopodium
album was the most dominant species with 32.73, 27.36 and 33.40 RI value in S 1, S2 and S3 respectively followed by
Fumaria indica at S1 (20.04), S2 (18.67) and S3 (18.31). Next dominant species was Asphodelus tenuifolius at S1
(10.04) and S2 (11.44), and Euphorbia helioscopia (10.55) at S3. Data regarding relative importance value examined
at 11-20 cm soil depth showed that Chenopodium album depicted the maximum RI value (40.35) at S1 which was
followed by Asphodelus tenuifolius (21.33), Fumaria indica (12.85), Convolvulus arvensis (9.07) and Melilotus
indica (7.11). At S2, Chenopodium album was the most dominating species with the RI value of 32.56 and other
dominating species were Fumaria indica, Asphodelus tenuifolius, Convolvulus arvensis and Euphorbia helioscopia
with RI values of 32.42, 8.03, 7.29 and 5.37, respectively. At S 3, Chenopodium album was recorded as most
dominated species having RI value of 36.13 which was followed by Fumaria indica, Melilotus indica, Anagallis
arvensis and Convolvulus arvensis 25.06, 9.41, 7.54 and 7.27, respectively. Relative importance values at different
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sampling stages at 21-30 soil depth indicated that at S1, Chenopodium album (32.64), Convolvulus arvensis (16.89),
Euphorbia helioscopia (14.78) and Fumaria indica (13.37) were the dominant species than that of other species. For
S2, after Chenopodium album (23.48), Convolvulus arvensis (20.79), Fumaria indica (20.66) and Asphodelus
tenuifolius (14.88) were the dominant species. At S3, the most dominated species observed was Fumaria indica
(23.40) which was followed by Asphodelus tenuifolius, Chenopodium album and Convolvulus arvensis with RI
values of 23.04, 19.44 and 16.91, respectively.
Relative importance value affected by different tillage systems
Relative importance (RI) for the depth of 0-10 cm affected by tillage revealed that RI value of Chenopodium album
(32.88) was the highest value followed by Fumaria indica (18.45), Asphodelus tenuifolius (9.74) and Melilotus
indica (9.58) in T1 tillage system (Table 11). In T2, Chenopodium album was found to be the most frequently
occurring with RI value of 27.19 which was followed by Fumaria indica (18.91), Asphodelus tenuifolius (11.46),
Convolvulus arvensis (10.27) and Melilotus indica (9.57). In T3, it was observed that maximum relative importance
value was presented by Chenopodium album (31.29) followed by Fumaria indica, Euphorbia helioscopia
Asphodelus tenuifolius and Melilotus indica with values of 19.90, 11.51, 10.54 and 8.88, respectively. In T4,
Chenopodium album (33.29), Fumaria indica (18.74), Euphorbia helioscopia (10.04), Asphodelus tenuifolius
(10.01) and Melilotus indica (8.72) were dominant species. Whereas, under different tillage systems at 11-20 cm soil
depth, the relative importance of species varied in the study area. In T 1, it was observed that higher relative
importance values were presented by Chenopodium album, Fumaria indica, Asphodelus tenuifolius, Euphorbia
helioscopia and Convolvulus arvensis having 34.28, 20.84, 14.27, 8.59 and 7.71 values, respectively. While
Chenopodium album, Fumaria indica, Asphodelus tenuifolius Convolvulus arvensis and Melilotus indica were the
dominant species in the no till system (T 2) with the RI values of 39.98, 18.59, 13.19, 7.82 and 6.39, respectively. In
T3, the highest relative importance value was observed for Chenopodium album (35.00) followed by Fumaria indica
(26.59), Asphodelus tenuifolius (13.50), Melilotus indica (9.40) and Convolvulus arvensis (7.88). Data of RI values
regarding T4 showed that Chenopodium album with RI value of 36.11 was the most dominant species than that of
other weed species. The RI values of 27.76, 8.10, 7.35 and 7.11 were recorded for Fumaria indica, Convolvulus
arvensis, Asphodelus tenuifolius and Melilotus indica, respectively. For 21-30 cm soil depth, data regarding relative
importance under tillage systems indicated that in T1, Chenopodium album (33.02), Fumaria indica (20.21),
Asphodelus tenuifolius (18.40), Convolvulus arvensis (16.93) and Melilotus indica (5.28) reflected more dominance
with higher RI values. For T 2, after Chenopodium album (27.00), Fumaria indica (21.32), Asphodelus tenuifolius
(16.91), Convolvulus arvensis (15.69) and Euphorbia helioscopia (11.76) were the dominant species. In T3,
maximum RI value was recorded for Euphorbia helioscopia (25.90) followed by Chenopodium album (20.49),
Convolvulus arvensis (17.83) and Fumaria indica (15.98). For T4, Convolvulus arvensis was found to be the most
dominant occurring species with RI value of 22.35 which was followed by Chenopodium album, Fumaria indica
and Asphodelus tenuifolius with 20.24, 19.06 and 17.36 RI values, respectively.
Species vertical distribution
Data presented in the Table 12 showed that tillage affected vertical distribution of weed seed bank. In conventional
tillage (T1), the highest seed density (34016) was perceived in the upper most soil layer (0-10 cm), after that the seed
density (25246) recorded at soil depth (11-20) and minimum (18676) in the deepest layer (21-30 cm). Proportion of
total seed density among the soil layers i.e. upper (0-10 cm), middle (11-20 cm), and lower layer (21-30 cm) being
43.64%, 32.39%, and 23.96 %, respectively. In no till system (T 2), the vertical distribution of weed seeds showed
that the highest weed seed density was recorded in the upper layer (44043), exceeding from the middle (18885) and
deeper layer (9283). The distribution proportion of weed seeds in no till system was 60.99% in upper, 26.15% in
middle, and 12.86 % in the deepest layer. Weed seeds in T3 were observed as uniformly distributed among different
soil layers showing 55.38%, 25.49 % and 19.12% weed seed in upper, middle and the deepest layer. The highest
seed density (44495) in 0-10 cm soil layer and the lowest seed density (15366) was recorded in 21-30 cm soil layer.
Maximum seed density of 38869 m-2 was examined in 0-10 cm depth, while minimum seed density was recorded in
21-30 cm soil layer with density of 16157 in T 4 tillage system. This system distributed 48.96 % weeds seeds in 0-10
cm, 30.69% in 11-20 cm and 20.35 % in 21-30 cm soil depths.
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Table 2 Weed seed density (m-2) under different sampling stages
Weed species

Sampling stages (at 0-10 cm depth)
S1
S2
S3
Anagallis arvensis
704.44
850.28
540.56
Asphodelus tenuifolius
3230.6
3909.4
3215
Avena fatua
1026.4
718.6
273.1
Carthamus oxyacantha
420.83
84.44
544.17
Chenopodium album
16508
15255
19287
Convolvulus arvensis
3110
3030
2591.4
Euphorbia dracunculoide
113.89
40.56
150.56
Euphorbia helioscopia
2801.7
2792.5
2595.6
Fumaria indica
7786.7
7039.4
8327.2
Melilotus indica
2939.2
2966.7
2862.8
Lathyrus aphaca
228.61
320.56
660.83
Vicia sativa
39261
37007
41048
Mean
78131.37
74014.44
82096.22
∴ S1 = Pre-cultivation stage; S2 = Pre-sowing stage; S3 = Post-harvesting stage

Sampling stages (at 11-20 cm depth)
S1
S2
S3
545.83
451.94
275.56
2102.8
2086.7
1940.8
434.17
279.17
117.78
122.5
43.33
372.5
8482
9395
11213
1893.1
1872.8
1654.7
146.67
0
37.222
1432.5
1469.4
1384.4
4456.7
5913.1
5615.8
1534.2
1691.9
1953.6
199.44
251.94
157.78
82.778
120
0
21432.69
23575.28
24723.14

Sampling stages (at 21-30 cm depth)
S1
S2
S3
120.28
124.17
121.67
1244.4
1325.6
1433.5
209.44
328.61
118.36
194.72
0
253.36
5560.6
6257.2
7670.2
723.33
941.39
968.47
163.33
0
0
758.3
991.4
1121.1
2008.3
2977.8
3414.9
738.3
909.2
1069.7
205.28
246.39
78.33
151.11
39.17
0
12077.39 14140.93 16249.59

Table 3 Weed seed density (m-2) as affected by different tillage systems
Weed species

Tillage systems (at 0-10 cm depth)
Tillage systems (at 11-20 cm depth)
Tillage systems (at 21-30 cm depth)
T1
T2
T3
T4
T1
T2
T3
T4
T1
T2
T3
T4
Anagallis arvensis
550.74
1500.7
742.22
0
484.44
455.56
757.78
0
55.926
214.44
217.78
0
Asphodelus tenuifolius
2275.2
4136.7
3621.1
3773.7
2263.3
1013.7
2516.3
2380.4
1047.4
1294.8
1570.7
1425
Avena fatua
0
923.33
573.7
1193.7
259.26
0
327.04
521.85
0
215.19
339.26
320.78
Carthamus oxyacantha
532.22
660
0
207.04
0
0
449.26
268.52
254.07
0
228.89
173
Chenopodium album
17763
18565
15847
15892
9189
8440
10493
10664
5552.6
5355.2
6745.6
8330.7
Convolvulus arvensis
1962.6
3341.9
3355.9
2981.5
2006.3
1397
1751.5
2072.6
492.2
966.7
842.6
1209.4
Euphorbia dracunculoide
98.89
56.3
95.56
155.93
97.778
49.63
0
97.778
0
50.37
117.04
45.333
Euphorbia helioscopia
2039.3
3079.6
2997
2803.7
1371.5
1148.5
1539.6
1655.6
522.2
951.9
1061.5
1292.2
Fumaria indica
7782.6
8760.7
7713.3
6614.4
4884.1
4286.3
5695.9
6447.8
2128.9
2801.9
3109.6
0
Melilotus indica
2360
2973.3
3115.6
3042.6
1734.8
1249.3
1718.9
2203.3
505.6
807.4
1015.9
1294
Lathyrus aphaca
451.48
385.19
776.67
0
378.89
205.19
228.15
0
117.04
472.59
117.04
0
Vicia sativa
0
0
0
209.3
215.19
0
0
55.185
0
152.96
0
90.667
Mean
35816 44382.7 38838.1 36873.8 22884.6 18245.2 25477.4
26367
10675.9 13283.45 15365.9 14181.1
∴ T1 = Conventional tillage system (Farmer’s Practice); T 2 = Zero tillage; T3 = Disc harrowing + Glyphosate + Direct seeding; T 4 = Chiseling + Glyphosate +
Direct seeding
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Table 4 Species absolute frequency under different sampling stages
Weed species

Sampling stages (at 0-10 cm depth)
S1
S2
S3
Anagallis arvensis
0.33
0.5
0.14
Asphodelus tenuifolius
0.7
0.89
0.89
Avena fatua
0.36
0.47
0.28
Carthamus oxyacantha
0.28
0.22
0.06
Chenopodium album
1.0
1.0
1.0
Convolvulus arvensis
0.7
0.81
0.81
Euphorbia dracunculoide
0.17
0.00
0.3
Euphorbia helioscopia
0.67
0.75
0.78
Fumaria indica
0.78
0.81
0.89
Melilotus indica
0.61
0.67
0.69
Lathyrus aphaca
0.22
0.08
0.47
Vicia sativa
0.11
0.08
0.17
∴ S1 = Pre-cultivation stage; S2 = Pre-sowing stage; S3 = Post-harvesting stage

Sampling stages (at 11-20 cm depth)
S1
S2
S3
0.25
0.25
0.47
0.86
0.5
0.42
0.00
0.03
0.00
0.00
0.03
0.08
1.00
1.00
0.97
0.56
0.5
0.44
0.00
0.14
0.00
0.19
0.42
0.39
0.69
0.97
0.94
0.5
0.33
0.58
0.14
0.03
0.06
0.11
0.06
0.00

Sampling stages (at 21-30 cm depth)
S1
S2
S3
0.06
0.00
0.06
0.39
0.28
0.44
0.00
0.03
0.00
0.00
0.00
0.00
0.64
0.58
0.63
0.42
0.42
0.27
0.00
0.00
0.00
0.31
0.00
0.27
0.39
0.47
0.51
0.31
0.33
0.00
0.11
0.00
0.05
0.00
0.00
0.00

Table 5 Species absolute frequency as affected by different tillage systems
Weed species

Tillage systems (at 0-10 cm depth)
Tillage systems (at 11-20 cm depth)
Tillage systems (at 21-30 cm depth)
T1
T2
T3
T4
T1
T2
T3
T4
T1
T2
T3
T4
Anagallis arvensis
0.41
0.3
0.26
0.33
0.41
0.33
0.19
0.37
0.04
0.07
0.00
0.04
Asphodelus tenuifolius
0.89
0.85
0.7
0.85
0.74
0.59
0.59
0.44
0.37
0.41
0.3
0.4
Avena fatua
0.52
0.33
0.33
0.3
0.00
0.04
0.00
0.00
0.00
0.00
0.04
0.00
Carthamus oxyacantha
0.15
0.19
0.19
0.22
0.00
0.04
0.00
0.11
0.00
0.00
0.00
0.00
Chenopodium album
1.0
1.0
1.0
1.0
0.96
1.0
1.0
1.0
0.74
0.74
0.52
0.47
Convolvulus arvensis
0.7
0.78
0.7
0.89
0.67
0.48
0.48
0.37
0.33
0.26
0.44
0.43
Euphorbia dracunculoide
0.18
0.15
0.11
0.18
0.04
0.04
0.04
0.07
0.00
0.00
0.00
0.00
Euphorbia helioscopia
0.81
0.67
0.7
0.74
0.56
0.41
0.26
0.11
0.19
0.44
0.00
0.32
Fumaria indica
0.74
0.85
0.89
0.81
0.89
0.81
0.81
0.96
0.56
0.48
0.41
0.39
Melilotus indica
0.82
0.63
0.41
0.78
0.56
0.44
0.41
0.48
0.19
0.19
0.3
0.17
Lathyrus aphaca
0.3
0.41
0.15
0.18
0.11
0.04
0.04
0.11
0.04
0.07
0.00
0.1
Vicia sativa
0.07
0.22
0.04
0.15
0.07
0.07
0.07
0.00
0.00
0.00
0.00
0.00
∴ T1 = Conventional tillage system (Farmer’s Practice); T 2 = Zero tillage; T3 = Disc harrowing + Glyphosate + Direct seeding; T 4 = Chiseling + Glyphosate +
Direct seeding
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Table 6 Species relative density (%) under different sampling stages
Weed species

Sampling stages (at 0-10 cm depth)
S1
S2
S3
Anagallis arvensis
0.44
2.43
0.93
Asphodelus tenuifolius
5.98
9.13
8.22
Avena fatua
0.63
2.39
2.11
Carthamus oxyacantha
1.15
2.01
2.72
Chenopodium album
50.54
43.14
42.84
Convolvulus arvensis
4.51
6.57
7.09
Euphorbia dracunculoide
0.52
0.00
0.1
Euphorbia helioscopia
6.1
5.47
6.63
Fumaria indica
23.8
20.57
19.18
Melilotus indica
4.77
6.86
8.32
Lathyrus aphaca
1.12
1.44
1.85
Vicia sativa
0.45
0.00
0.00
∴ S1 = Pre-cultivation stage; S2 = Pre-sowing stage; S3 = Post-harvesting stage

Sampling stages (at 11-20 cm depth)
S1
S2
S3
1.59
3.37
3.99
19.81
4.91
5.5
0.00
0.25
0.00
0.00
0.25
0.37
53.48
40.07
48.62
6.09
3.44
4.22
0.00
1.58
0.00
2.66
1.51
3.56
8.19
40.49
27.67
6.37
3.65
5.63
0.96
0.21
0.44
0.85
0.29
0.00

Sampling stages (at 21-30 cm depth)
S1
S2
S3
2.14
0.2
0.4
10.57
17.76
20.33
0.00
0.17
0.00
0.00
0.00
0.00
42.62
25.13
17.94
16.81
19.03
20.87
0.00
0.00
0.00
10.62
1.11
10.06
12.38
25.5
30.41
4.86
11.11
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Table 7 Species relative density (%) as affected by different tillage systems
Weed species

Tillage systems (at 0-10 cm depth)
Tillage systems (at 11-20 cm depth)
Tillage systems (at 21-30 cm depth)
T1
T2
T3
T4
T1
T2
T3
T4
T1
T2
T3
T4
Anagallis arvensis
0.68
0.97
1.41
2.0
3.04
4.08
1.39
3.43
1.92
1.2
0.00
0.53
Asphodelus tenuifolius
6.28
9.76
8.19
6.88
13.21
11.06
10.7
5.32
14.96
19.38
13.28
17.27
Avena fatua
2.14
1.92
1.57
1.2
0.00
0.33
0.00
0.00
0.00
0.00
0.23
0.00
Carthamus oxyacantha
2.51
3.42
0.6
1.32
0.00
0.33
0.00
0.49
0.00
0.00
0.00
0.00
Chenopodium album
48.7
38.33
45.19
49.8
47.45
53.52
41.78
46.82
36.96
27.69
24.16
25.46
Convolvulus arvensis
5.82
7.83
5.82
4.76
2.77
4.27
5.97
5.34
20.15
18.79
16.91
19.75
Euphorbia dracunculoide
0.00
0.45
0.26
0.13
0.48
0.33
0.19
1.11
0.00
0.00
0.00
0.00
Euphorbia helioscopia
5.11
4.93
7.65
6.57
4.93
3.02
1.31
1.05
1.87
2.91
22.52
1.74
Fumaria indica
19.84
21.78
22.42
20.71
22.59
17.25
30.71
31.24
20.76
26.95
19.44
23.9
Melilotus indica
7.03
8.19
6.27
5.11
4.36
4.56
7.28
4.65
3.39
3.08
3.47
11.35
Lathyrus aphaca
1.9
1.83
0.62
1.52
0.73
0.58
0.29
0.54
0.00
0.00
0.00
0.00
Vicia sativa
0.00
0.59
0.00
0.00
0.44
0.69
0.38
0.00
0.00
0.00
0.00
0.00
∴ T1 = Conventional tillage system (Farmer’s Practice); T2 = Zero tillage; T3 = Disc harrowing + Glyphosate + Direct seeding; T4 = Chiseling + Glyphosate +
Direct seeding
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Table 8 Species relative frequency (%) under different sampling stages
Weed species

Sampling stages (at 0-10 cm depth)
S1
S2
S3
Anagallis arvensis
1.58
6.13
1.82
Asphodelus tenuifolius
13.72
13.92
12.97
Avena fatua
1.59
6.31
5.2
Carthamus oxyacantha
2.57
4.81
6.26
Chenopodium album
18.97
14.88
14.53
Convolvulus arvensis
12.04
11.77
12.19
Euphorbia dracunculoide
1.22
0.00
0.38
Euphorbia helioscopia
12.98
11.55
13.07
Fumaria indica
22.16
14.88
15.32
Melilotus indica
9.56
11.95
13.28
Lathyrus aphaca
2.8
3.81
4.97
Vicia sativa
0.79
0.00
0.00
∴ S1 = Pre-cultivation stage; S2 = Pre-sowing stage; S3 = Post-harvesting stage

Sampling stages (at 11-20 cm depth)
S1
S2
S3
5.46
6.14
11.08
21.19
11.14
8.27
0.00
0.49
0.00
0.00
0.49
1.51
27.22
25.05
23.63
10.32
11.14
10.32
0.00
3.34
0.00
3.32
9.23
8.4
16.12
24.35
22.46
10.53
6.98
13.19
3.37
0.46
1.15
2.48
1.19
0.00

Sampling stages (at 21-30 cm depth)
S1
S2
S3
2.57
0.00
1.39
12.41
12.66
25.76
0.00
0.97
0.00
0.00
0.00
0.00
22.66
21.47
20.93
16.97
20.22
12.96
0.00
0.00
0.00
18.95
15.34
22.57
14.35
15.68
16.39
12.09
13.66
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Table 9 Species relative frequency (%) as affected by different tillage systems
Weed species

Tillage systems (at 0-10 cm depth)
Tillage systems (at 11-20 cm depth)
Tillage systems (at 21-30 cm depth)
T1
T2
T3
T4
T1
T2
T3
T4
T1
T2
T3
T4
Anagallis arvensis
2.14
2.13
4.03
4.4
3.13
9.73
6.43
10.95
3.43
0.00
0.00
1.85
Asphodelus tenuifolius
13.59
13.58
13.83
13.15
22.42
14.04
10.3
7.37
12.87
10.17
26.75
17.99
Avena fatua
4.78
4.93
4.47
3.3
0.00
0.65
0.00
0.00
0.00
0.00
1.29
0.00
Carthamus oxyacantha
5.44
7.26
1.62
3.88
0.00
0.65
0.00
2.01
0.00
0.00
0.00
0.00
Chenopodium album
17.64
15.54
14.54
16.78
28.44
22.25
25.48
25.03
25.18
26.04
15.5
20.04
Convolvulus arvensis
11.58
13.27
11.02
11.14
7.93
14.04
9.46
10.93
12.28
22.83
16.94
14.81
Euphorbia dracunculoide
0.00
0.53
1.12
0.48
0.00
1.58
2.87
0.00
0.00
0.00
0.00
0.00
Euphorbia helioscopia
10.65
9.98
16.01
13.5
4.43
6.64
11.13
5.74
19.67
14.35
11.7
30.09
Fumaria indica
17.64
16.6
18.79
16.78
14.75
20.21
26.27
22.69
13.03
17.54
16.12
15.21
Melilotus indica
11.11
11.36
11.6
12.32
12.29
8.42
6.47
13.75
13.55
9.07
11.7
0.00
Lathyrus aphaca
5.44
3.78
1.96
4.27
3.31
1.79
0.00
1.53
0.00
0.00
0.00
0.00
Vicia sativa
0.00
1.06
0.00
0.00
3.3
0.00
1.59
0.00
0.00
0.00
0.00
0.00
∴ T1 = Conventional tillage system (Farmer’s Practice); T2 = Zero tillage; T3 = Disc harrowing + Glyphosate + Direct seeding; T4 = Chiseling + Glyphosate +
Direct seeding
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Table 10 Species relative importance values (%) under different sampling stages
Weed species

Sampling stages (at 0-10 cm depth)
S1
S2
S3
Anagallis arvensis
0.99
3.17
2.4
Asphodelus tenuifolius
10.04
11.44
9.84
Avena fatua
3.04
3.68
2.56
Carthamus oxyacantha
4.15
3.35
2.73
Chenopodium album
32.73
27.36
33.4
Convolvulus arvensis
8.33
10.16
8.01
Euphorbia dracunculoide
0.61
0.24
0.47
Euphorbia helioscopia
7.42
9.64
10.55
Fumaria indica
20.04
18.67
18.31
Melilotus indica
3.22
2.14
2.9
Lathyrus aphaca
8.57
10.15
8.83
Vicia sativa
0.86
0.00
0.00
∴ S1 = Pre-cultivation stage; S2 = Pre-sowing stage; S3 = Post-harvesting stage

Sampling stages (at 11-20 cm depth)
S1
S2
S3
2.97
4.76
7.54
21.33
8.03
0.88
0.00
0.37
0.00
0.00
0.37
0.94
40.35
32.56
36.13
9.07
7.29
7.27
0.00
2.46
0.00
3.5
5.37
5.98
12.85
32.42
25.06
7.11
5.31
9.41
1.48
0.34
0.8
1.34
0.74
0.00

Sampling stages (at 21-30 cm depth)
S1
S2
S3
2.35
0.35
0.89
11.49
14.88
23.04
0.00
0.33
0.00
0.00
0.00
0.00
32.64
23.48
19.44
16.89
20.79
16.91
0.00
0.00
0.00
14.78
7.87
16.31
13.37
20.66
23.4
8.47
11.65
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Table 11 Species relative importance values (%) as affected by different tillage systems
Weed species

Tillage systems (at 0-10 cm depth)
Tillage systems (at 11-20 cm depth)
Tillage systems (at 21-30 cm depth)
T1
T2
T3
T4
T1
T2
T3
T4
T1
T2
T3
T4
Anagallis arvensis
1.32
1.55
2.68
3.2
4.95
5.89
3.29
6.22
2.06
1.67
0.00
1.06
Asphodelus tenuifolius
9.74
11.46
10.54
10.01
14.27
13.19
13.5
7.35
18.4
16.91
13.22
17.36
Avena fatua
3.71
3.38
3.02
2.25
0.00
0.49
0.00
0.00
0.00
0.00
0.44
0.00
Carthamus oxyacantha
4.39
5.29
1.33
2.6
0.00
0.49
0.00
1.25
0.00
0.00
0.00
0.00
Chenopodium album
32.88
27.19
31.29
33.29
34.28
39.98
35.0
36.11
33.02
27.0
20.49
20.24
Convolvulus arvensis
8.51
10.27
8.6
7.95
7.71
7.82
7.88
8.1
16.93
15.69
17.83
22.35
Euphorbia dracunculoide
0.00
0.82
0.64
0.3
0.7
0.49
0.6
1.49
0.00
0.00
0.00
0.00
Euphorbia helioscopia
7.94
7.34
11.51
10.04
8.59
5.61
2.17
3.42
4.1
11.76
25.9
10.19
Fumaria indica
18.45
18.91
19.9
18.74
20.84
18.59
26.59
27.76
20.21
21.32
15.98
19.06
Melilotus indica
9.58
9.57
8.88
8.72
6.22
6.39
9.4
7.11
5.28
5.66
6.15
9.73
Lathyrus aphaca
3.48
3.08
1.56
2.9
1.42
0.29
0.57
1.2
0.00
0.00
0.00
0.00
Vicia sativa
0.00
1.15
0.00
0.00
1.02
0.77
0.98
0.00
0.00
0.00
0.00
0.00
∴ T1 = Conventional tillage system (Farmer’s Practice); T2 = Zero tillage; T3 = Disc harrowing + Glyphosate + Direct seeding; T4 = Chiseling + Glyphosate +
Direct seeding
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Table 12 Vertical distribution under tillage systems at various soil depths
Sampling depths

Tillage systems
T1
T2
T3
T4
0-10 cm
34016 (43.64%)
44043 (60.99%)
44495 (55.38%)
38869 (48.96%)
11-20 cm
25246 (32.39%)
18885 (26.15%)
20477 (25.49%)
24367 (30.69%)
21-30 cm
18676 (23.96%)
9283 (12.86%)
15366 (19.12%)
16157 (20.35%)
∴ T1 = Conventional tillage system (Farmer’s Practice); T2 = Zero tillage; T3 = Disc harrowing + Glyphosate +
Direct seeding; T4 = Chiseling + Glyphosate + Direct seeding
Table 13 Temporal distribution under various tillage systems and sampling stages at different soil depths
0-10 cm
Tillage systems
Sampling stages
T1
T2
T3
T4
Pre-cultivation (S1)
35899
47430
36804
34847
Pre-sowing (S2)
31771
44197
35278
33550
Post-harvesting (S3)
39650
49251
41160
39430
11-20 cm
Tillage systems
Sampling stages
T1
T2
T3
T4
Pre-cultivation (S1)
16332
24998
20690
23712
Pre-sowing (S2)
19503
17798
29707
27292
Post-harvesting (S3)
18901
25859
26036
28098
21-30 cm
Tillage systems
Sampling stages
T1
T2
T3
T4
Pre-cultivation (S1)
9210
13102
13679
12319
Pre-sowing (S2)
12620
10843
17063
21787
Post-harvesting (S3)
10198
9904
15356
17920
∴ T1 = Conventional tillage system (Farmer’s Practice); T2 = Zero tillage; T3 = Disc harrowing + Glyphosate + Direct
seeding; T4 = Chiseling + Glyphosate + Direct seeding
Table 14 Cost of soil sampling and soil weed seed bank determination techniques
Particulars

Unit

Rate per unit (Rs.)

Soil weed seed bank sampling
Sampling bags
1 Bag
Labor
3 Persons per day
Steel king tubes set
2 Tubes
Wooden hammer
2 Hammers
Permanent marker
4 Markers
Clipboard
2 Clipboards
Measuring tape
2 Measuring tapes
Samples carrying bags
6 bags
Total sampling cost (Rs.)
Sieves
6 Sieves
Petridishes
360 Petridishes
Sodium hexametaphosphate
1 kg
Watering bottles
2 Bottles
Labor cost for sieving
1 Person/day

Rate for total samples
(360 samples)

Cost (Rs.)

Rs. 5/ bag
Rs. 400/person
Rs. 3000/tube
Rs. 700
Rs. 30
Rs. 50
Rs. 30
Rs. 100

Rs. 1800/360 bags
Rs. 2400/6 person for 2 days
Rs. 6000/2 steel king tubes
Rs. 1400/2 hammers
Rs. 120/2 hammers
Rs. 100/2 clipboards
Rs. 60/2 measuring tapes
Rs. 600/6bags

Rs. 800/sieve
Rs. 30/petridish
Rs. 800/kg
Rs. 100/bottle
Rs. 400/person/day

Rs. 4800/6 sieves
Rs. 10800
Rs. 800
Rs. 200
Rs. 4800
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2400
6000
1400
120
100
60
600
12480
4800
10800
800
200
4800
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Species temporal distribution
The data presented in Table 13 showed that the temporal distribution of weed seed bank was affected by different
tillage systems. The maximum seed density was noticed at post-harvest stage (S3) followed by pre- cultivation (S1)
and pre-sowing (S2). In first tillage system (0-10 cm soil depth), conventional tillage (T1) and at post harvesting
stage (S3), the maximum seed density m-2 (39650) was recorded, while the lowest seed density m-2 (31771) was
recorded at pre-sowing stage in upper soil layer (0-10 cm). The same trend was recorded in zero tillage (T2) i.e. the
maximum seed density m-2 (49251) was recorded at stage S3 and in T2. In tillage system T3, the maximum seed
density m-2 (41160) was noticed at stage S3 followed by S1 (36804) and S2 (35278). In tillage system T4, the highest
density m-2 (39430) was recorded at S3 followed by S1 and S2 with 34847 and 33550 densities, respectively. The
temporal distribution of seed at middle soil layer (11-20 cm) presented in Table 13 showed that tillage differed the
seed density m-2 at different sampling stages. In tillage system T1, the maximum seed density (19503) was recorded
at S2 followed by S3 (18901) and S1 (16332), respectively. In tillage system T2, the maximum seed density m-2
(25859) was recorded at S3 and the least seed density m-2 (17798) was recorded at S2. In tillage system T3, the
temporal distribution of seed density was recorded in different trend i.e. S2, S3 and S1 with the value of 29707, 26036
and 20690, respectively. In tillage system T 4, the maximum seed density m-2 (28098) was recorded at S3, followed
S2 (27292), while the lowest seed density value (23712) was recorded at S1. The data given in Table 13 in deeper soil
layer (21-30 cm) indicated that different tillage system has influence on the temporal distribution of weed seeds. In
tillage system T1, the maximum seed density was recorded at stage S2 (12620) followed by stage S3 (10198), and the
least density was recorded at stage S1 (9210). In tillage system T 2, the seed densities recorded at stages S1, S2 and S3
were 13102, 10843 and 9904, respectively. In T3, maximum seed density was recorded at pre-sowing stage (17063)
followed by density recorded at stage S3 (15356), and the minimum density was recorded at S1 (13679). In tillage
system T4, the temporal seed distribution trend was similar as T 1 i.e. S2, S3 and S1 with values 21787, 17920 and
12319, respectively.
Cost comparison of weed seed bank extraction techniques
The data regarding economic analysis of both soil weed seed bank extraction techniques are presented in Table 14.
The total cost for each method was calculated including soil sampling cost, equipments cost for each method and
labor cost. An amount of Rs. 26,480 was spent in case of sieving method for extraction of weeds seeds from 360 soil
samples. These results showed that sieving method is more cost effective.
DISCUSSION
One of the dominant yield limiting factors in barani areas of Pakistan is weed management. Weeds infestation to the
domesticated crops severely affects the crop productivity due to traditional cultural practices and mono cropping
systems. Weeds have immense power to prevalence their seeds which ultimately form the weed seed bank above
and under the soil surface and reduce the wheat yield substantially. The present study was carried out at PMAS, Arid
Agriculture University Research Farm, Chakwal Road, Rawalpindi, Pakistan to investigate the effect of different
tillage systems on soil weed seed bank in order to manage weeds issues which have greater impact in limiting wheat
yield under rainfed conditions of Potohar, Pakistan.
A similar type study was carried out in the Midwest USA and the mean objective of the study was to assed
emergence pattern and to evaluate the use of primary tillage and chemical weed control can affect the seeds buried
in the different layers of the soil, weed flora density in weeds control practices (Forcella, 1992). Mansor et al. (2012)
carried out an experiment at the rice fields of Muda area of Peninsular Malaysia during four consecutive seasons
from February 2004 to September 2006 to study the size and weed species of soil seed bank. Species composition
with their dominance ranking and similarity between the species was recorded. Eight weed species namely
Fimbristylis miliacea, Ludwigia hyssopifolia, Oryza sativa complex (weedy rice), Scirpus grossus, Echinochloa
crusgalli, Sagittaria guyanensis, Scirpus juncoides and Ischaemum rugosum were found to emerge from the seed
bank. The species F. miliacea, L. Hyssopifolia and O. sativa contributed more than 80% of the total weed
population.
Consistent to our findings, Juroszek and Gehards (2004) performed an experiment and reported that tillage
operation at night time has more efficiency than that of day time practices, by this 80% weed seeds emerged and
97.5% weed cover reduced, this range largely influenced by the type of implement used, type of tillage operation,
the soil water content, dormancy pattern of weed seeds and by the light sensitivity of weeds. To determine the
population of weeds and also for establishing weed control programmed the knowledge of weed seed bank in the
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soil has a prime importance. Seed bank and above ground levels both affected the composition of weed seeds and
their density. An experiment was conducted on weed seed bank response to soil depth, tillage and weed management
in the mid hill ecology and they concluded that the agronomic practices such as management of weed, nutrients,
tillage and crop rotation are the major phenomenon which influences the soil weed seed bank (Ranjit et al., 2007).
An experiment was designed by Kashe et al. (2010) at research station of University of New England in Armidale,
Australia. No tillage, chisel plough and mouldboard plough were used as tillage treatments. Tillage had significant
effect on both weed seed bank and seedling emergence. Chisel plough and mouldboard plough resulted in maximum
seedling emergence; whereas, less seed were emerged under no till system.
During our study it was found that tillage systems more influenced the soil weed seed bank at different soil
depths. These results also correlated with the studies conducted by Zanin et al. (1997) who showed that different
tillage systems greatly affect the soil weed seed bank. During year 1997-98, the response of weed seed banks of five
weed species to tillage and crop rotations were studied in semi-arid area of northern Jordan. Tillage practices of
mouldboard- chisel-plowing and cropping patterns of barley (Hordeum vulgare) planting - fallow were evaluated on
permanently established subplots. Soil samples were collected from the upper 10 cm for three consecutive years.
Soil seed banks of the five dominant weed species i.e. Anthemis palestina, Diplotaxis erucoides, Hordeum marinum,
Rhagadiolus stellatus, and Trigonella caelesyriaca were estimated using greenhouse and laboratory procedures. At
initiation, more viable seeds were present in soil subjected to mouldboard plowing than chisels plowing. In the
following two sampling seasons, significant rotation by tillage interaction affected the seedbank of each species.
Generally, mouldboard plowing increased weed seedbanks when combined with frequent fallowing. Conversely,
chisel plowing combined with barley cropping generally reduced weed seedbank sizes. Results emphasized the
importance of managing weeds during fallow to avoid the buildup of H. marinum, a serious grass weed in semi-arid
environments (Ghosheh & Hajaj, 2004).
During the present study, it was confirmed that the highest density of weeds were noticed during zero tillage.
These results are in accordance with the findings of Cardina et al. (2002) who reported that maximum density was
observed in no till system as compared to tilled system. More weed seeds in upper layer may be due to the fact that
seeds of different weeds species may take time to infiltrate in the lower soil depths. These results are in agreement
with findings of Gulshan et al. (2013) who observed maximum density at upper layer compared to the deeper layers.
The species which were more commonly observed in the soil weed seed bank such as Chenopodium album,
Convolvulus arvensis, Fumaria indica, Asphodellis tenuifolius, Melilotus indica, Euphorbia helioscopia, Anagallis
arvensis, and Lathyrus aphaca, these species also noticed more repeatedly above ground flora at study research
farm. The results obtained during study are correlated with the results of Qureshi et al. (2011) who stated that these
species were present in large amount at the study area (University Research Farm, Chakwal Road, Rawalpindi). It
was also observed that species relative density of weed seed bank was influenced by tillage systems. These results
are in agreement with the findings of Javadzadeh and Fallah (2011), who reported the highest relatively density of
Chenopodium album as an above ground flora in the wheat field which ultimately produced relatively more number
of weed seeds than other weed species.
In a previous research study, Conn (2006) evaluated the effect of different tillage systems on weed seed bank
during year 1985 at Alaska. Tillage treatments included no-till, disked once, disked twice, and chisels plough.
Results showed significant relationship between weed seed bank and tillage. Weed seeds were maximum at top
surface of soil as compared to sub surface. Maximum weed diversity was observed under no till system, followed by
chisel plough treatment. Minimum weed seeds were found in disked twice treatment. Hossain and Begum (2015)
studied on weed seed bank dynamics and composition and showed that the weed situation in a specific area
determined by amount of weed seeds in soil seed bank and also by the quality of those seeds, Seed bank serve as the
reservoir of alive weed seeds which are present on the surface of soil and as well as in the soil profiles. Weed seed
bank can also be considered as a place where seeds of weeds remain buried before their germination; actually the
soil weed seed bank is the single source for the further propagation of weeds.
Our findings are supported by the earlier research report by Swanton et al. (2012) who reported that the tillage
type, its depth and type of the soil affects the vertically distribution of soil weed seed bank, they also observed that
the different types of tillage operations changes the size of weed seed bank in no till systems, mostly weeds emerge
from the weed seed bank present near to the soil surface and the higher proportion of seeds bank located in the more
deeper layers of the soil. Bhatt and Singh (2007) conducted a study in upland and low land paddy cultivation areas
of western Nepal. The soil samples from the upland and lowland sites were collected with the 8 cm diameter and 10
cm depth. Germination method was followed to estimate seed bank, 46 weed species, with 18 families and 34
genera, in upland site and 43 weed species, belonging to 32 genera and 17 families, were observed. Menallad (2008)
reported that weeds seed dispersed in the soil profile by the movement of seeds on soil surface horizontally. Many
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factors are responsible for the horizontally distribution of soil weed seed bank like direction of crop rows and types
of tillage practices determine the distribution of soil weed seed bank.
CONCLUSION
During this study the comparative analysis of sampling stages revealed higher weed seeds density, weed frequency
with more diversity of weed species at post-harvest stage in comparison to other two stages i.e. pre-cultivation and
pre-sowing stages. The research study also revealed little difference in various weed parameters including seed
density m-2, frequency, relative density, relative frequency, relative importance value, dominance and diversity in
soil weed seed bank in different soil layers under conventional tillage, zero tillage, disk harrowing and chisel
ploughing tillage systems. Generally, weed seed density was found maximum in zero tillage systems. The vertical
distribution of weed seeds was such that maximum weeds seeds were observed in at upper soil layer (0-10 cm), with
minimum weed seed number in the lower soil layer (21-30 cm). The prevalence of higher weed seed density under
zero tillage systems and in upper soil layers implicates that efficient weed control strategies need to be devised
under zero tillage to promote adoption of the resource conservation technology in drought hit areas of Pothwar.
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Key Message: Four wheat cultivars were evaluated for transferring of DREB1A gene through callus based
Agrobacterium mediated transformation protocol. The Lasani-08 was selected to be the best one and the transgenic
plants were developed using its calli.
ABSTRACT: The present study was designed to optimize protocol for transferring DREB1A gene in wheat and
selection of one suitable cultivar among Lasani-08, Inqlab-91, Chakwal-97 and GA-02 for the development of
transgenic plants. The already optimized callus induction and regeneration media was used for tissue culture.
Different treatments of optical density (O.D.), hygromycin, cefotaxime and acetosyringone concentrations were
optimized. After optimization of these parameters, the four wheat cultivars were compared with different treatments
of infection and co-cultivation time. The Lasani-08 was found to be one of the best cultivars among four cultivars
based on the maximum hygromycin resistant calli (18.36%). Its calli were shifted on regeneration media for the
development of transgenic plants. The transformed gene was confirmed using gene specific primers through
conventional PCR. A lethal dose (50 mg/l) of hygromycin for selection of transformed calli, 300 μM of
acetosyringone to enhance transformation process and 500 mg/l cefotaxime to eliminate Agrobacterium after cocultivation, were optimized. The infection time (5 min) and co-cultivation time (48 h) were found to be the most
suitable parameters for the maximum transformation efficiency. PCR confirmed that 0.38% of regenerated plants
were transgenic. This study will provide a way for transferring other agronomically important genes in wheat
cultivars for their improvement.
Keywords: Acetosyringone, Agrobacterium, Cefotaxime, Genetic transformation, Hygromycin, Wheat
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INTRODUCTION
Wheat (Triticum aestivum L.) is the famous staple food among the peoples of the world including Pakistan. The
current report of 2018 indicated that population growth rate in the world is around 1.09% per year
(//www.worldometers.info/world-population/). But the cultivation of wheat crop and its yield are not significantly
increasing to meet the needs of the growing population. As a result, a gap has been created between its demand and
supply. The main reason of this gap is abiotic factors especially drought that affects its yield and decreases the
cultivated land due to urbanization. The gap can be filled by improving different traits of wheat that may increase its
yield.
Different approaches are being used to develop new varieties of wheat or to improve its existing cultivars. One
of them is Agrobacterium mediated transformation. The transformation technology is the latest and most effective
tool for crop improvement. The early reports of transformation in wheat were published in 1992, 1993 and 1997
(Vasil et al., 1992; Vasil et al., 1993; Weeks et al., 1993; Cheng et al., 1997). Rashid et al. (2010); Raja et al. (2010)
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reported the transformation protocol using Xa21 gene for bacterial blight in wheat. Dehydration responsive element
binding protein (DREB1A) enhanced tolerance against the drought stress. This transcription factor has been used to
improve the rice for abiotic stress tolerance (Datta et al., 2012; Ravikumar et al., 2014). However, Pellegrineschi et
al. (2004) stated that DREB1A showed a significant improvement in wheat for osmotic stress tolerance. Though,
these protocols were not reproducible. These reports indicated that wheat is recalcitrant in transformation due to
different factors such as cultivars, cefotaxim, acetosyringone, hygromycin concentration, optical density (O.D) of
Agrobacterium, infection time and co-cultivation period etc. These factors vary from crop to crop and even with in
the same species having different cultivars.
Keeping in view these facts, the present study was planned for optimization of various transformation factors.
After optimization, four best tissue culture responsive wheat cultivars (Mehmood et al., 2013) were compared for
their transformation efficiency response based on hygromycin resistant calli. The best one i.e. Lasani-08 was further
used to develop transgenic plants incorporating DREB1A gene under the control of 35S promoter through
Agrobacterium strain EHA101 using callus based transformation protocol.
MATERIALS AND METHODS
Callus induction
This work was done in Genetic Transformation Laboratory, NIGAB, NARC, Islamabad, Pakistan. Seeds of selected
wheat cultivars (Chakwal-97, Lasani-08, Inqalab-91 and GA-02) were used as explants for callus induction. The
optimized protocols of callus induction for each cultivar (Mehmood et al., 2013) were used for callus formation. MS
media with 8 g/l agar supplemented with 2, 4-D (3 mg/l) for Lasani-08 and Inqlab-91, while 2.5 mg/l for Chakwal97 and 3.5 mg/l for GA-02 were used for callus formation. While in regeneration media, 3 mg/l BAP was used to
regenerate the hygromycin resistant (transformed) calli of Lasani-08.
Optimization of lethal dosage of hygromycin
Construct had a plant selectable marker gene (hpt) which is resistant to hygromycin, therefore a lethal dosage of
hygromycin was optimized using its various concentrations (0, 10, 30, 50, 70, 90 and 100 mg/l) for non-transformed
calli. These treatments were applied in MS media accompanied with 0.8% agar and 30% sucrose. The 21 days old
calli were used in this experiment for the lethal dose optimization. The 12 replication of each treatment were used.
Data was recorded after 2 to 3 weeks.
Bacterial strain and plasmid
Transformation was done by using Agrobacterium tumefaciens strain EHA-101 having plasmid containing DREB1A
gene (drought resistant), hygromycine resistance gene (plant selectable marker gene) and kanamycin resistant gene
(bacterial selectable marker gene) (Fig. 1).
Agrobacterium culture condition
To culture the Agrobacterium strain EHA101 Yeast Extract Peptone (YEP) media accompanied with kanamycine
(50 mg/l) was used. This culture was placed on rotary shaker for 24 hour in dark at 28 0C. The speed of rotary shaker
adjusted 105-110 rpm.
Optimization of acetosyringone concentration and optical density of Agrobacterium
Different levels (0.5, 0.8, 1.1 and 1.4) of O. D. (Optical Density) for Agrobacterium culture was measured at 600 nm
by photonanometer, then the culture was centrifuged for 10 min at 3000 rpm speed. The pellet was re-suspended in
liquid media (callus induction media without agar) containing various levels (100, 200, 300 and 400 μM) of
acetosyringone for optimization. These treatments of acetosyringone were also used in co-cultivation media.
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Fig. 1 Construct diagram (Source: NIGAB, NARC Islamabad, Pakistan)
Co-cultivation and selection
After the infection of calli by Agrobacterium, the calli were placed on co-cultivation media for 48 h. The
cocultivated calli were washed with autoclaved distilled water and callus induction media containing cefotaxime
(500 mg/l). After washing, these were shifted to selection media containing hygromycine (50 mg/l). The optimum
level of acetosyringone and O.D. were recorded based on percentage number of hygromycine resistant calli after
placing on the selection media.
Optimization of cefotaxime
After co-cultivation step, the infected calli were washed with three different concentrations of cefotaxime i.e. 250,
500 and 750 mg/l in different media. Each treatment was replicated four times. The data was recorded using the
following formula:
Disinfection rate of cefotaxime (%) =

No. of calli showing no Agrobacterium growth
Total no. of calli used

× 100

Optimization of infection and co-cultivation time
The proliferated and healthy calli of four wheat cultivars (Lasani-08, Chakwal-97, Inqlab-91 and GA-02) were
submerged for 1, 5 and 10 min (infection time) in Agrobacterium suspension 0.8 O.D. containing acetosyringone
(300 μM). These infected calli were cocultivated on cocultivation media [MS salts plus vitamins (4.3 g/l), Myoinositol (0.1 g/l), Sucrose (30 g/l), agar (6 g/l), pH (5.75-5.8) and acetosyringone (300 μM)] for 48 and 72 h at 28 ºC.
Selection of suitable wheat cultivar for transformation and plantlet formation
The data for each cultivar was recorded after three weeks as percentage of hygromycin resistant calli. One wheat
cultivar showing best result was selected for additional transformation experiments.
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Development of transgenic plants
The DREB1A gene was transformed by callus based method of Agrobacterium mediated transformation. The seeds
of wheat cultivar (Lasani-08) were used as explants. Optimized callus induction and regeneration media (Mehmood
et al., 2013) was used in callus based transformation. The 21 days old calli were co-cultivated with Agrobacterium
for 48 h, then washed with cefotaxim (500 mg/l) before transferring on selection media having 50 mg/l hygromycin.
The selected calli were transferred on regeneration media for regeneration of plantlets from the transformed calli.
After shoot development, they were shifted on half strength MS media without any growth regulator for roots
development. Later on, they were shifted to hydroponic medium for acclimatization and roots elongation. They were
shifted to pots in a glass house after acclimatization and roots development.
Confirmation of transgenic plants
The genomic DNA was isolated from all putative transgenic plants through CTAB protocol (Murray and Thompson,
1980). DREB1A gene specific primers were used for PCR amplification purpose.
F 5’- TGAACTCATTTTCTGCTTT-3’
R 5’-TAATAACTCCATAACGATA-3’
The PCR product was run on gel electrophoresis for half an hour at 100 V current. Agarose gel (1%) was used and it
was envisioned by gel documentation.
Transformation efficiency
Transformation efficiency was calculated on the basis of PCR positive plants using the following formula:
Transformation efficiency (%) =

Total number of hygromycin resistant calli used on regeneration media
Total number of PCR positive plants

× 100

Statistical analysis
For each individual treatment, their data was recorded in percentage and analyzed using ANOVA. The significant
difference of means was compared at 5% alpha level.
RESULTS AND DISCUSSION
Lethal dose of hygromycin
The number of browning calli increased along with the increasing amount of hygromycin from 10 to 50 mg/l, while
necrosis of calli started at 30 mg/l hygromycin to onward. The growth of calli reduced by increasing the amount of
hygromycin. The data showed that 50.83% calli became necrotic and showed no growth when 50 mg/l hygromycin
was used (Table 1). So, 50 mg/l was considered as a lethal dose of hygromycin for selection of the transformed calli.
Beyond this concentration of hygromycin, the complete necrosis of calli was observed after two to three weeks
therefore, no growth was noticed. The lethal dose of hygromycin (50 mg/l) optimized in this study has been
supported by many previous reports (Rashid et al., 2001; Kumar et al., 2004; Ignacimuthu et al., 2006; Raja et al.,
2010; Rashid et al., 2010) and opposed to other studies like Mihaljevic et al. (2001); Chen and Punja (2002); Reddy
et al. (2016) who reported 15 mg/l, 2.0 mg/l and 75 mg/l, respectively. These dissimilarities in the hygromycin
concentration may be due to difference in genotypes.
Optimization of cefotaxime
Results in Table 2 demonstrate that cefotaxime (500 to 750 mg/l) used in media 3 produced 100% calli that were
safe from contamination and no growth of Agrobacterium was seen due to its complete elimination. There was toxic
effect on cells of calli using 750 mg/l cefotaxime. The results revealed that 500 mg/l cefotaxime was suitable to get
rid of bacterial contamination. The significant difference was seen in different levels of cefotaxime concentration. It
has also been reported that Agrobacterium was observed on the calli using 250 mg/l concentration of cefotaxime.
The growth of calli slowed down and ultimately the rate of transformation dropped due to the contamination. In this
experiment, 750 mg/l cefotaxime was applied only in washing or pre-selection media for controlling the growth of
Agrobacterium. It means that antibiotic cefotaxime (500 mg/l) is optimized concentration and it should be used in
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pre-selection and washing media for complete elimination of Agrobacterium. The previous study reported the same
concentration (500 mg/l) of cefotaxime to kill and remove the Agrobacterium (Khoudi et al., 2009; Reddy et al.,
2016). Some other concentrations of cefotaxime were also reported such as 200 mg/l (Xing et al., 2008), 400 mg/l
(Yenchon and Te-chato et al., 2012). In another report, carbencillin (250 mg/l) along with cefotaxime (500 mg/l)
was reported to kill the Agrobacterium (Raja et al., 2010). These differences might be due to the use of different
Agrobacterium strains, crops, and explants.
Optimization of optical density of Agrobacterium and acetosyringone
The data in Table 3 indicate that all treatments of acetosyringone were statistically different. When 300 μM
acetosyringone was used in co-cultivation and inoculation media, then survival rate of calli on selection media was
9.84%. The survival rate of calli (hygromycin resistant calli) on other concentration of acetosyringone was low.
Similarly, in case of optical density, all treatments were significantly different to each other. The maximum
hygromycine resistant calli (8.75%) was observed when O.D of 0.8 for Agrobacterium was used. All other showing
less number of hygromycine resistant calli so it is concluded that 0.8 O.D. was found to be optimum for maximum
transformation of gene into the calli. Data also indicated that when 300 μM acetosyringone and 0.8 O.D. of
Agrobacterium was used then maximum (13.12%) hygromycine resistant calli were recorded. The optimized
concentration of acetosyringone (300 μM) in this study was slightly same to its optimum concentration in previous
studies such as 200-400 μM (Raja et al., 2010) and 350 μM (Tripathi et al., 2010). The greater variation was seen in
optimized concentration (100 μM, 200 μM and 400 μM) of acetosyringone in previous studies (Amoah et al., 2001;
Rashid et al., 2010; He et al., 2010; Rashid et al., 2012). The previous studies i.e. Khanna and Daggard (2003);
Jones et al. (2005) reported the same O.D. (0.8 to 1.0). Similarly, the optimized O.D. 1-1.5 have been reported by
the previous research studies by Cheng et al. (1997), O.D. 1.3 by Amoah et al. (2001); O.D. 0.5-0.6 by Cheng et al.
(2003) and Bi et al. (2006) and O.D. 0.5 by Rashid et al. (2010). These differences in levels of O.D. might be due to
the variation in promoters, Agrobacterium strain, genotype and types of explant as well. Similar to our findings,
Rashid et al. (2010) proclaimed that when Agrobacterium O.D. was increased from 0.5 up to 0.75 and 1, then their
growth on calli could not be controlled.
Optimization of co-cultivation and infection time
The results showed that significant differences (P<0.05) were observed among co-cultivation, infection time and
wheat lines. The 48 h of co-cultivation time was the most suitable for all infection time. The lasani-08 showed
maximum hygromycin resistant calli (18.33%) when Agrobacterium was infected to calli for 5 min and cocultivated for 48 h. While Inqlab-91 showed minimum hygromycin resistant calli (2%) when infection time was 10
min and co-cultivation time was 72 h. The low percentage of hygromycin resistant calli was observed when
infection and co-cultivation time were increased. The earlier study also reported that infection time is an important
factor which affects the transformation efficiency of Agrobacterium (Nan et al., 2006; Qiu et al., 2007). Amoah et
al. (2001) reported in their article that inoculation, co-cultivation time and cell density affect the rate of
transformation of foreign gene in wheat. The present study shows that when co-cultivation time increased beyond 48
h, the percentage of hygromycin resistant calli (transformation efficiency) became less due to the overgrowth of
Agrobacterium on calli. The co-infection time (5 min) reported in this study was contradicted to infection time (3
min) that was reported by Roy et al. (2006) who achieved the maximum transformation efficiency in tomato. While
10 min infection time was reported for tomato by Wu et al. (2006). These differences might be due to the selection
of different explants and crops in their studies.

37

Journal of Pure and Applied Agriculture (2018) 3(1): 33-41
Table 1 Effect of hygomycine on wheat calli
Hygromycin (mg/l)
Calli showing browning (%)
Calli showing necrosis (%)
Calli showing growth (%)
0
0e
0e
100a
d
e
10
22.08
0
77.5b
b
d
30
38.75
31.25
27.91c
a
c
50
49.16
50.83
0d
c
b
70
31.25
68.75
0d
e
a
90
0
100
0d
e
a
100
0
100
0d
Alpha = 0.05; Browning of calli = Critical value for comparison = 2.8958; Necrosis of calli = Critical value for
comparison = 3.2808; Growth of calli = Critical value for comparison = 2.9265
Table 2 Effects of cefotaxime in different media to control the growth of Agrobacterium
Cefotaxime (mg/l)
Media 1
Media 2
Media 3
Mean
Remarks
250
*5.83ef
4.15f
45b
18.32c
Healthy calli
500
8.32de
7.50def
38.61b
Healthy calli
100a
c
cd
a
750
12.50
11.65
100
41.83a
Necrosis start
Mean
8.88b
7.76b
81.66a
Note: Media 1= Cefotaxime in washing media; Media 2 = Cefotaxime in pre-selection media;
Media 3 = Cefotaxime in washing and pre-selection media both; * Uncontaminated calli %
Alpha = 0.05; Critical value for cefotaxime comparison = 2.4089; Critical value for media comparison
= 2.4089; Critical value for interaction between media and cefotaxime comparison = 4.1724
Table 3 Optimization of acetosyringone concentration and the optical density of Agrobacterium for transformation
Acetosyringone
(μM)

Transformation efficiency on the basis of hygromycine
resistant calli (%)
Mean
Bacterial optical density
0.5
0.8
1.1
1.4
100
2.5d
2.5 fg
3.75ef
2.5fg
1.25g
e
c
cd
e
200
5.63c
4.37
7.5
6.25
4.38
b
a
b
c
300
9.37
13.12
9.37
7.5
9.84a
c
b
c
de
400
7.50b
6.87
10.62
7.5
5.0
Mean
5.78b
8.75a
6.41b
4.53c
Alpha = 0.05; Acetosyringone = Critical value for comparison = 0.8978; Optical density = Critical value for
comparison = 0.8978; Interaction of acetosyringone and O.D = Critical value for comparison = 1.7956
Table 4 Effects of co-cultivation period and infection time on the rate of transformation efficiency
Treatments (infection +
co-cultivation time)
1
2
3
4
5

Co-cultivation
time (h)

Infection
time (min)

Lasani08

Ga-02

Chakwal97

Inqlab91

Mean

8.97fg

8.67fg

5.33 ijk

4jklm

48

1
5

14.66b
13.33bc
4.67jkl

11.33cde
9.33efg
4.67jkl

8.67fg
8fgh
2.67lm

72

10
1
5

18.36a
15.33b
4.66jkl

6.74d
13.25a
11.5b
4.16f
10.16c

11.33cde
12cd
10 def
7.33ghi
efg
hij
klm
6
10
5.16e
9.33
6
3.33
2.0m
Mean
11.33a
9.88b
7.33c
5.4d
Critical value for comparison of treatment mean = 1.0291; Critical value for comparison of cultivar means = 0.8402;
Critical value for comparison of interaction = 2.0581
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Table 5 Callus based transformation and development of the transgenic plants
Details
Total calli used
Hygromycin resistant calli
Number of calli regenerated
Survival in hydroponic
Survival in pots
PCR positive
Fertile
Sterile

1

Number
2880
518
10
6
2
2
1
1

2

% age

Description of % age

17.98
1.93
1.15
0.38
0.38

(b/a)x100
(c/b)x100
(d/b)x100
(e/b)x100
(f/b)x100

3

4

5

6

649 bp

1, 6 = Ladder; 2 = Positive control; 3, 4 = Transgenic plants; 5 = Non-transgenic
Fig. 2 PCR amplification of DREB1A gene

Development and confirmation of transgenic plants from calli of Lasani-08
Table 5 indicated that 2880 calli of Lasani-08 were co-cultivated with Agrobacterium. The hygromycine resistant
calli were transferred on regeneration media for regeneration out of which only 1.93% calli were regenerated. After
the elongation of roots in hydroponic, the six plantlets were shifted to glasshouse condition for proper
acclimatization and growth. Later, only two plants were survived and remained positive after PCR (Fig. 2). The
transformation efficiency (0.38%) was recorded (Table 5). The earlier studies reported that the wheat varieties i.e.
Millewa, Cadenza, Baldus, Vesna, T. durum, T. dicoccum and T. turgidum showed better response for
transformation which were transformed by different genes (Mooney et al., 1991; Amoah et al., 2001; Chugh &
Khurana, 2003; Wu et al., 2003; Mitic et al., 2004; Patnaik et al., 2006; He et al., 2010). In present study, Lasani-08
showed the best response for transformation of DREB1A gene as compared to other cultivars used. These differences
are due to their different capability for callus formation, regeneration and transformation. A spring wheat
“Bobwhite” was reported that has high regeneration, callus formation and transformation ability (Janakiraman et al.,
2002).
CONCLUSION
The 50 mg/l hygromycin and 500 mg/l cefotaxime were optimized for selection of transformed calli and to kill the
excessive Agrobacterium, respectively. Moreover; bacterial O.D. (0.8) at 600 nm, acetosyringone (300 μM),
infection time (5 min) and co-cultivation time (48 h) were optimized to enhance the transformation of DREB1A gene
in wheat. The wheat cultivar Lasani-08 exhibited the supreme response for transformation as compared to others.
The transformation efficiency of DREB1A was calculated as 0.38% confirmed by PCR. In this study, it was noted
that transgenic lines developed by this method were very sensitive in nature, so serious care should be undertaken
from initial step to the final stage. These findings will be helpful in future for transformation of other genes of
interest in this cultivar for its improvement.
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Key Message: This study indicates that fruit flies traps can play a significant role in the reduction of fruit flies
damage, and it may help in devising the integrated fruit flies management.
ABSTRACT: Fruit flies (diptera: tephritidae) are considered as key pests of fruits and vegetables causing huge
losses in yield and quality of the crops. Population dynamics of fruit flies was carried out by the use of methyl
eugenol to investigate distribution and abundance in mango orchards. The experiment was carried out at farmer field
in Multan. The population data was recorded from January, 2015 to December, 2016. Result indicated that overall
maximum fruit flies catches were observed in pheromone trap i.e. 178.1 flies/trap followed by Bottle trap with 150.4
flies/trap. However, minimum fruit flies catches were observed in Jar trap with 90 flies/trap. Fruit flies infestation on
mango started on 2nd week of February and it increased gradually with the passage of time and reached at peak level
in the month of June which continued up to September. Then it showed decline in the months of October which
continued until December when its population became zero. Data regarding meteorological factors showed the
significant effects on fruit flies population. The temperature (minimum and maximum) show positive

correlation with fruit flies population and temperature gradient showed negative correlation with fruit
flies population. Similarly the humidity showed the negative correlation with fruit flies population. This
study gives activity of the pest in Multan and approximate population fluctuation throughout the year.
This information may be helpful in the management of fruit flies.
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INTRODUCTION
Mango (Mangifera indica L.) is called king of fruits, one of key fruit of tropical areas of world (Purseglove, 1972).
It originated in the South East Asian or Indo-Burma region and was grown in more than 100 countries of the world
with annual production of 2500 million tones (Singh et al., 2016). Fruit is rich source of sugar 10-20% and vitamins
like A, C and B (Larrauri et al., 1999). Pakistan is ranked at 4th position by producing 916.4 million tones mango,
which is 8.5% in the total world production (Ministry of Food, Agriculture and Livestock [MINFAL], 2002). Mango
yields in Pakistan are considerably low being 9-10 tons/ha compared with the world yielding 10 –30 tons/ha in
countries like China, Mexico and India. The main reason for low yield is insect pests attack. Among the insect pests,
fruit flies (diptera: tephtritidae) are considered as important pests to fruits especially mangos (Drew et al., 2005;
Vayssieres et al., 2005; Ekesi et al., 2009). Fruit flies (diptera: tephtritidae) are considered as key pests to fruits like
guava, citrus,ber especially mangoes (Vayssieres et al., 2005; Drew et al., 2005; Ekesi et al., 2009). Female fruit
flies lay eggs under the membrane of the fruit which hatch into maggots that feed within the fruits but it can also
damage twigs, buds stems and flowers of the crop (Weems & Heppner, 2001). Among 250 species, about 44 species
42

Journal of Pure and Applied Agriculture (2018) 3(1): 42-48
belongs to genus Bactrocera (Syed, 1969; Kapoor et al., 1981). However, eleven species have been reported in
Pakistan; the most important one among them are B. dorsalis, B. cucurbitae and Bactrocera zonata (Abdullah &
Latif, 2001; Abdullah et al., 2002; Stonehouse et al., 2002). B. zonata has been found as a severe pest in guava,
citrus (Syed, 1970). The activity of fruit flies mostly depends on prevailing meteorological conditions and
availability of hosts in a particular agro ecosystem. Temperature and rainfall are key factors which determine
population distribution of fruit flies (Zhou et al., 1996; Jiang et al., 2001; Liu & Ye, 2005, 2006; Chen et al., 2006;
Chen & Ye, 2007). B. dorsalis completes less than four generation per year in subtropical regions of world,
however, it completes more than five generations per year in some tropical regions of world and 10 generation per
year some particular tropical regions (Li & Ye, 2000; Hui, 2001; Shi & Ye, 2004; Shi et al., 2005; Ye & Liu, 2005).
Therefore, this study was designed to determine the population trend, seasonal abundance and role of climatic
factors on activity of fruit flies for proper implementation of fruit flies management program.
MATERIALS AND METHODS
Experimental site
Studies on the seasonal monitoring of fruit flies were carried out in farmer field Mouza Bouch Mubarak at Multan,
Pakistan during the years 2015 and 2016. The experiment was conducted by installation of methyl eugenol
pheromone traps. The selected orchards contained mango trees as the main plantation, and in neighboring were
citrus tress grown along with field crops. The selected orchards were isolated from other orchards. All the
cultural practices were done simultaneously in the whole orchards. The experiment was done using
randomized complete block design with three repeats.
Installation and adjustment of pheromone traps
Three different types of traps (pheromone trap, jar trap and bottle trap) were used to assess their performance.
Pheromone trap and Jar trap were purchased from commercial bazaar, Multan, while bottle traps were made from
plastic bottles that measured 20 cm in length and 8 cm in diameter. These bottle traps had two holes on each side to
allow the flies to enter inside. Male attractant were suspended in each trap near centre. The attractant consists of
small cotton wick soaked with methyl eugenol and some drops of insecticides. These attractant were replaced
fortnightly throughout the year. Male fruit flies which come to pheromone traps were killed by the insecticide on the
cotton wick. The traps were hung at height of two meters with braches of fruit trees in the experimental orchards.
Observation of fruit flies populations
The captured male flies were collected and counted on weekly basis and then added to monthly basis. Mean number
of flies caught per trap per week and per month were determined every year and average of both the years of study
worked out. The observations thus obtained were correlated with the meteorological parameters like temperature
(minimum, maximum and gradient), humidity (minimum, maximum and gradient) and rainfall. Meteorological data
used in this study were provided by Cotton Research Institute, Multan.
RESULTS
The population fluctuation of fruit flies on mango orchards in Multan was carried out during the year 2015-16.
The data in the tables indicated that fruit flies adults show different response of population and infestation trends
during the experimental season.
Population of fruit flies on mango orchards in different types of traps during 2015
Results regarding population fluctuation are presented in Table 1. The results indicated that maximum population of
fruit flies was observed on pheromone trap i.e. 155.83 male flies/trap which was followed by bottle trap with 116.66
male fruit flies/trap and least male fruit flies were observed in the jar trap with 50 male fruit flies/trap. The results
also indicated that fruit flies population appeared in the 2nd week of February i.e. 0.94 male flies/trap. It increased
gradually with the passage of time. The population reached on maximum level in the 2nd week of June i.e. 104 male
flies/trap. Then it showed decline and decreased gradually, it reached at zero level in the 2nd week of December.
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Population fluctuation of fruit flies in different types of traps during 2016
Results regarding population fluctuation are presented in Table 2. These results indicated that during 2016
maximum population of fruit flies was observed in pheromone trap i.e. 200.33 male flies/trap followed by bottle trap
i.e. 194.33 male flies/trap. The population of fruit flies observed was 132.83 male flies/trap. Results regarding
population fluctuation of fruit flies indicated that fruit flies appeared in the month of 2 nd week of February i.e. 13
fruit flies/trap. Its population increased with the passage of time and reached at maximum level during the 3 rd week
of June i.e. 156 fruit flies/trap. After that, it showed decline in population and reached at zero level in the month of
December.
Population fluctuation of fruit flies in different types of traps during the both years (2015 and 2016)
The result indicated that fruit flies population starts in the month of February in all three studied traps. Its population
increase with passage of time and reach maximum in the month of june i.e. 128.93/trap. Then it showed decline.
However it showed 2nd peak in the month of July i.e. 98/trap. It was observed that the pheromone trap catches
maximum male fruit flies i.e. 45 followed by Bottle trap i.e. 42.20 and Jar trap 31.95/trap.
Average population of fruit flies during years 2015 and 2016
Results presented in Table 3 indicate the average population fluctuation of fruit flies during the years 2015 and
2016. This table showed that the highest population of fruit flies was recorded in the month of June in pheromone
trap i.e. 178.1/trap followed by bottle trap i.e. 150.4/trap.
Effect of abiotic factors on population build-up of mango fruit flies
Results regarding correlation between climatic factors and fruit flies population are presented in Table 4 and 5. The
results indicated that fruit flies population showed positive correlation with maximum temperature. As temperature
increased, its population increased and the population reached at maximum level in the month of June. However
minimum temperature showed negative correlation with fruit flies population. Similarly, the relative humidity and
rainfall also showed negative correlation with fruit flies population.
Table 1 Average population of fruit flies caught in different types of pheromone traps during the year 2015
Number of fruit flies caught during 2015
Months
Pheromone trap
Bottle trap
Jar trap
Max. Temp.
Min. Temp.
January
0
0
0
16.70
6.30
February
1.33
1.5
0
23.10
10.80
March
6.83
8.33
6
25.70
13.90
April
21.66
22.66
18
36.00
21.70
May
36.33
28.33
22.3
40.00
24.00
June
155.83
116.66
40.66
40.00
24.00
July
48.83
21.33
48.33
36.10
27.70
August
35.33
14.83
49.5
36.20
26.70
September
22.83
15.33
14.5
36.30
25.40
October
4
3
2.5
33.70
21.00
November
1
1
0.33
27.80
14.30
December
0
0
0
22.90
6.10
∴ Max. Temp. denotes maximum temperature (ºC); Min. Temp. denotes minimum temperature
relative humidity (%); Rainfall was measured in mm
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R.H.
Rainfall
85.90
5.00
85.50
6.00
78.70
110.50
64.50
11.00
42.60
15.00
47.20
36.00
78.80
163.00
79.40
101.00
70.90
19.00
65.50
9.00
72.40
0.00
85.20
0.00
(ºC); R.H. denotes
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Table 2 Average population of fruit flies caught in different types of pheromone traps during the year 2016
Number of fruit flies caught during 2016
Months
Pheromone trap
Bottle trap
Jar trap
Max. Temp.
Min. Temp.
January
0
0
0
20.00
7.80
February
13.16
12
6
24.80
9.10
March
15.83
14.66
81
27.70
16.50
April
68.1
64.2
37
35.20
21.40
May
109.5
87.66
69
42.50
28.50
June
184.16
76
42.20
30.80
200.33
July
142.66
132.83
39.10
30.10
194.33
August
92.83
102.5
95.5
37.30
27.90
September
89.5
84.16
47
37.40
26.40
October
16
27.27
17
35.70
21.90
November
11
9
3
28.50
13.30
December
0
0
0
24.90
10.30
∴ Max. Temp. denotes maximum temperature (ºC); Min. Temp. denotes minimum temperature
relative humidity (%); Rainfall was measured in mm; The bold letters denote the highest values

R.H.
Rainfall
86.40
2.00
78.30
1.00
79.70
31.00
72.50
17.00
39.80
3.00
46.00
5.00
70.10
48.00
79.90
90.00
67.60
4.00
69.40
0.00
81.90
0.00
86.60
0.00
(ºC); R.H. denotes

Table 3 Average population of fruit flies caught in different types of pheromone traps during the both years (2015
and 2016)
Average number of fruit flies caught during the both years (2015 and 2016)
Months
January
February
March
April
May
June
July
August
September
October
November
December

Pheromone trap
0.0
7.2
11.3
44.9
72.9
178.1
95.7
64.1
56.2
10.0
6.0
0.0

Bottle trap
0.0
6.8
11.5
43.4
58.0
150.4
107.8
58.7
49.7
15.1
5.0
0.0

Jar trap
0.0
3.0
43.5
27.5
45.7
58.3
90.6
72.5
30.8
9.8
1.7
0.0

Table 4 Correlation between fruit flies population and climatic parameters during the year 2015
Insect Traps
Max. Temp. p-Value Min. Temp. p-Value
R.H.
Pheromone trap
0.6803
0.0149
0.701
0.0111
-0.4504
Bottle trap
0.727
0.0074
0.684
0.0142
-0.6045
Jar trap
0.7201
0.0083
0.8483
0.0005
-0.2357
∴ Max. Temp. denotes maximum temperature (ºC); Min. Temp. denotes minimum
relative humidity (%); Rainfall was measured in mm

p-Value Rainfall p-Value
0.1418
0.5451
0.0668
0.0373
0.3991
0.1988
0.4607
0.636
0.0262
temperature (ºC); R.H. denotes

Table 5 Correlation between fruit flies population and climatic parameters during the year 2016
Insect Traps
Max. Temp. p-Value Min. Temp. p-Value
R.H.
Pheromone trap
0.9016
0.0001
0.9354
0.000
-0.7397
Bottle trap
0.8757
0.0002
0.921
0.000
-0.6702
Jar trap
0.7666
0.0036
0.8741
0.0002
-0.499
∴ Max. Temp. denotes maximum temperature (ºC); Min. Temp. denotes minimum
relative humidity (%); Rainfall was measured in mm
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p-Value Rainfall p-Value
0.006
0.3265
0.3003
0.0171
0.3603
0.2499
0.0986
0.6169
0.0326
temperature (ºC); R.H. denotes
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DISCUSSION
The seasonal dynamic of fruit flies were carried out during the year 2015-16 by the installation of different types of
pheromone traps. The pheromone traps were installed in the mango orchards at Chah Fazil Wala, Mouza Bouch
Mubarik, Multan, Pakistan for the period of two years (2015-16) to monitor male fruit flies population. The results
indicated that maximum male fruit flies caught were recorded in pheromone trap (178.1/trap) followed by bottle trap
(150.4/trap) followed by jar trap with 90.6/trap. These results are in confirmation with Casana-Giner (2003) who
reported that cuelure (the acetate of raspberry ketone) is one of the practical lures for male melon flies. The fruit
flies population appeared in the February i.e. 0.94 male flies/trap. It increased gradually with the passage of time.
The population reached on maximum level in the month of June i.e. 178.1 male flies/trap. Then it showed decline
and decreased gradually, it reached at zero level in the month of December.
Our results are similar with those of Chen & Ye (2007) who reported that slight activity of B. zonatus and B.
dorsalis was noted from the start of experiment before 7 th April (Chen & Ye, 2007). The population consistently
increased till 25th May (Chen et al., 2006). In June, the activity slowed down that may be due to rainfall or
temperature but again increased in July till end of the experiment i.e. 1st August (Mahmood & Mishkatullah, 2007).
It may be concluded that the population may sustain or increase further in coming months (Chen & Ye, 2007). The
correlations between catching fruit flies and temperature and relative humidity were also worked out. The fruit flies
infestation showed significant positive correlation with maximum temperature. This interpretation is sustained by
the fact that fruit flies damage was high from April to July during 2015 and 2016, which coincided with fruiting and
harvesting periods of mango fruit where temperature (19.01 to 39.03 ºC) and relative humidity (39.57 to 95.71%)
were also gradually increasing. The positive correlation between temperature and fruit flies population was reported
by Mishra et al. (2012) in Lucknow. Further, Verghese & Devi (1998) in Karnataka found positive correlation
between wind speed and fruit flies population in mango orchards. Kannan & Rao (2006) showed significant positive
relationship with maximum temperature and negatively correlated with rainfall and relative humidity.
Among the metereological factors, population of fruit flies was negatively correlated with minimum
temperature. This negative correlation is most likely because population of fruit flies increases with ripening of
fruits. These results are similar to that of Liu & Yeh (1982); Shukla & Prasad (1985); Tariq et al. (2002) who related
the population of fruit flies with the ripening of crops. The minimum temperature showed significant effect while
climatic factors expressed non-significant influence on the fruit flies population which is in conformity with the
results of Raghuvanshi et al. (2012).
CONCLUSION
Mango fruit is one of important source of foreign exchange earnings for Pakistan. It is being exported to many
countries of the world. These countries has concerned on sanitary requirements. Fruit flies are one of the key pests
which have potential to devastate the whole export of fruits to the developed countries. This pest can be controlled
by integrated pest management methods. As a part of this venture, population monitoring is important to identify the
presence of pest and determine the control measures that are essential for managing fruit flies. This study helps us in
determine the peak periods of fruit flies populations throughout the year. This information is helpful in making the
management strategies of fruit files.
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Key Message: Forest plays a significant role in the ecosystem balance and climate of a country. This study
reveals that forest change can be effectively evaluated using Satellite Remote Sensing and GIS tools and this
process can be automated using GIS functionalities.
ABSTRACT: Decline of natural resources poses significant impact on society directly or indirectly. Change in
the forest area can affect the climate and economy of a society. This study highlights the effect of forest increase
on surface temperature conditions of Abbottabad. The scope of this study covers the forest change detection of
district Abbottabad (Pakistan) using Landsat 5 TM data over the period of 9 years (2000 and 2009) and its
subsequent impact on land surface temperature. A Python (Programming) based tool was developed to automate
this change detection procedure. Results indicate that almost 1% of the forest area (from 13% to 12% of total
land area) has undergone deforestation in 9 years, however vegetation has increased 36% in 2009, 51.6%
decline in the past 2000 vegetation cover which is an indication of substantial deforestation. A significant
change in land surface temperature of Abbottabad was observed by 90 fall in maximum and -100 fall in
minimum temperature, that deciphers cooler conditions. Study concludes that change in climate is not solely
dependent on deforestation but also GIS automated assessment of forest change detection is possible in GIS via
python tool. This tool can speed up the process of forest change detection and assessment in Pakistan.
Keywords: Automated change detection, Deforestation, GIS, Remote sensing, Precipitation, Land surface
temperature
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INTRODUCTION
Forests are very significant for a sustainable human life; they have a fundamental role in land ecosystem. They
provide the basis for organic carbon production and water cycle (Thompson et al., 2011). It is one of the major
carbon reserves in global carbon cycle but now-a-days it is at the verge of rapid decline by deforestation and
degradation (Myers, 1989). Deforestation is the conversion of forest land into non forest land, or it can be
regarded as a decrease in canopy cover or carbon density by a given amount or sequence of thresholds
(Intergovernmental Panel on Climate Change [IPCC], 2000). It is the long-term or permanent removal of forest
cover and conversion to a non-forested land use (Lund, 2015). Forests are directly linked with climate thus can
be related with economy of a region (Shimelis, 2017). They are under immense pressure of climate variability.
Amisah et al. (2009) observed the decrease in precipitation and rise in ambient temperature by the increase in
deforestation rate. Deforestation in urban environment is also threatening to carbon stock and resulting in CO2methane emissions in the atmosphere, which in turn altering the radiative balance between earth atmosphere
systems (Dickinson & Kennedy, 1992). It also reduces evapotranspiration in plants, minimizes cloud formation
and downwind precipitation, and thereby weakens the hydrological cycle (Shukla et al. 1990; Miller & Cotter,
2013; Zaccheaus, 2014). It is imperative to monitor the land cover changes by natural and anthropogenic
sources, where remote sensing is playing a significant role in providing extensive temporal coverage to detect
areal changes.
Change detection is the process of identifying differences in the state of an object or phenomenon by
observing it at different times. It involves the ability to quantify temporal effects using multi-temporal data sets.
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Change detection is useful in such diverse applications as land use change analysis, monitoring of shifting
cultivation, assessment of deforestation, study of changes in vegetation phenology, seasonal changes in pasture
production, damage assessment, crop stress detection, disaster monitoring, snow melt measurements, day-night
analysis of thermal characteristics and other environmental changes (Acharjee et al., 2012; Wojtowicz et al.,
2016). Remote sensing change detection studies reveal differences in past, present and future trends that helps
policy makers in setting resource managerial priorities.
Jhonnerie et al. (2014) detected change in mangrove forests using Landsat imageries for years 1996 - 2013
and found 197.2 ha loss of mangrove cover caused by anthropogenic factors. Landsat data was also used for
spatio-temporal analysis of Pathri Reserve Forest, resultant change detection matrix showed drastic
transformation of forest reserve into agricultural land (Freddy et al., 2014). Kumari et al. (2014) used five year
span (2005 – 2010) to detect land use land cover change in Poba Reserve Forest that also transformed into
agricultural land. Change in open evergreen forest ratio was observed as result of extensive deforestation in the
region. But in most of the developing countries, deforestation is directly linked with population growth and
indirectly to agricultural expansion (Allen & Barnes, 1985). Besides areal extent, forest health can be measured
by calculating leaf area index using LiDAR information that gives better result than that of sensor based
Normalized difference vegetation index (NDVI) (Zheng & Moskal, 2009). Forest change detection using multidate satellite imagery requires understanding of how to adjust applications with change detection methods
(Coppin & Bauer, 1996). As far as the scope of this study is concerned, it only covers the forest change
detection technique and methodology based on remote sensing tools.
Pakistan has 2.5% forest cover area which has been rapidly declining. Pakistan has one of the highest rates
of deforestation in Asia (Food and Agriculture Organization [FAO], 2009). On the other hand, the land area of
forests in Pakistan is 4.23 million ha, which is 5.3% of its total land area (Agricultural Statistics of Pakistan,
2011). This is far less than that of the threshold value of 25% (a minimum level set by experts to meet the
ecological balance) of total land area that should be covered by forests. This study is meant to find out the level
of change in forestation in district Abbottabad over the time span of nine years. District Abbottabad is situated
in North Western Frontier region of Pakistan and administratively fall under the KPK province. This district has
undergone a great change in land use over the last ten to fifteen years especially after earth quack 2005 in
Pakistan. An attempt has also been made to check the cascading effects of change in forestation on the surface
temperature of the target area.
The classification process of forest change detection has been sequentially integrated in a single tool with
the help of python scripting. The specialty of the python tool is to get two input images of different times and to
give the immediate output as forest change detection between the input images of area of interest (AOI). The
tool so developed can be considered as an added extension in the software toolbox for Forest Change Detection
(FCD) in any part of the globe.
METHODOLOGY
Data acquisition and preprocessing
Landsat 5 TM images of district Abbottabad located at path # 150 and row # 36 were obtained from
glovis.usgs.gov for the period 21 May, 2000 and 14 May, 2009 (Fig. 1). Although both the images were
obtained on same projection system i.e. WGS-84_UTM_Zone_43N but both were not aligned with each other.
So image to image registration was carried out before classifying the images. After image registration, the
desired AOI scene was extracted using ArcGIS “Extract by mask” tool keeping the shapefile for district
Abbottabad as Mask. Top of the Atmosphere (ToA) reflectance of band 4, 3, 2 was calculated using QGIS
extension RS & GIS. Same tool was used for extraction of land surface temperature from thermal infrared (IR)
band 6.
Brightness temperature from Landsat thermal band IR (band 6) was calculated using Planck’s equation (Sobrino
et al., 2004).
Brightness temperature (61, 62) = k2/(ln(k1/L(π) +1))
(1)
Where L (π) is radiance, k2 = C2/π, k1 = C1/ π, C1 = 1.19104356 × 10 -16, C2 = 1.4387685 × 10 -16, π is band
specific central wavelength of sensor.
QGIS tool converts brightness temperature values from kelvin into degree centigrade. Landsat images were
classified into 5 classes (tree, vegetation, bare land, water and settlements) using maximum likelihood classifier
in Arc map. Brief methodology flow chart is given in Fig. 2. NDVI is calculated from reflectance values in red
(band 3) and near infrared (band 4) channels. Threshold over greater than equal to 0.5 NDVI is considered as
thick forest canopy cover. This area is further analyzed to estimate change in the forest cover by subtracting
forest cover in 2009 from forest cover in 2000.
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Python tool development
The whole process of change detection in forestation in the study area was integrated into a single toolbox (Fig.
3). Python Scripting was used to create the tool box which took two images of the study area, and signature files
as inputs and performed maximum likelihood classification on both images with computation of change in forest
by analyzing each pixel value that gave results in percentage and area in square kilometer unit (Python sourcecode is available at Annex-A).

Landsat TM image of Abbottabad, 2000

Landsat TM image of Abbottabad, 2009

Fig. 1 Landsat TM Image of Abbottabad during the years 2000 and 2009

Fig. 2 Methodology Flow-Chart
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Forest Change Detector
Fig. 3 Forest Change Detector has been published online on ESRI resource website
and it is available for free download
RESULTS AND DISCUSSION
Analysis of change using land use maps
GIS and remote sensing are being extensively used for resource measuring and monitoring (Lambing, 1997;
Rogan et al., 2002). Deforestation in northern highlands of Pakistan is attributed to population growth, illegal
timber logging and massive consumption of fuel wood (Fischer et al., 2010). The images of the study area were
classified for quantitative analysis of data for the years 2000 and 2009. Five major classes including forest,
vegetation, settlements, water and bare land were created.
As evident from Fig. 4 and Fig. 5, land use from 2000 to 2009 has been exclusively altered in the nine years.
Increase in the settlements and vegetative cover, while decrease in the bare land of 2009 can be seen in Fig. 5. In
1998, it was decided to improve the forest area by starting the practicing plantation scheme. Forests and
vegetation were extensively increased with increase in the built up land. People from 2005 earthquake effected
areas were migrated to Abbottabad which was also hit by earthquake but the damages were not as severe as they
were in other earthquake hit areas that put population pressure over the city. The increment in settlements or
urban land is obvious from the land use map. Raza et al. (2012) also reported 2005 Earthquake as a major factor
for forest conversion into urban settlements and extensive vegetative land was exploited for the commercial use.
We can also see that from 2000 to 2009 there is a continuous increase in vegetative cover that decreased the
bare land that deciphers the forest and bare land conversions into agriculture land.
Although agricultural land conversion into forest increases soil organic content in the soil (Liu et al., 2011)
but such practices can undermine the capacity of ecosystems to sustain food production and forest resources
(Foley et al., 2005). The total area of district Abbottabad is 1756 square kilometers. Tree cover of the total
district area was chosen to estimate change as shown in Table 1. Almost 1% of the area has undergone
deforestation in the duration of nine years. The graph shown below is describing the area wise change in tree
cover from 2000 to 2009 (Fig. 6).
NDVI change in year 2000 and 2009
Another change detection technique was applied to verify 1% decline in tree class. For this purpose, thick
canopy area (NDVI > = 0.5) was delineated after NDVI calculation. Vegetation area of the total district area in
2009 was estimated as shown in Table 2. Strong reflectance of vegetation in red and near infrared channel is
exploited for forest cover estimation. NDVI values above 0.3 are estimated indication of green areas and low
ratio below 0.2 indicates non-vegetative land. Threshold over 0.5 is depicting thick vegetation covering all
forest reserves and agricultural land (Fig. 7).
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In 2009, forest cover has increased as well as vegetation increase has been observed at entire green belt and
areas where new settlements were formed. People began plantation at the periphery of forest reserves and much
of the barren land have been covered with trees apparently. But in the change detection map, decrease in the
tree cover is greater than that of increase (Fig. 8). About 51.6% area under tree cover in 2000 has been lost but
on the other side, 36% of forest cover has been increased (Table 2). Decline in the forest cover is at the
periphery of the forest reserves, which indicates forests at the verge of decline. More efforts are needed to
protect canopy around forest reserves. Increase in the vegetation cover can be the result of conversion of forest
into agricultural lands. Thus area wise change in the forest cover is evident from analyzed maps, but further
study is needed to map cropland area in the Abottabad. Overall decrease in forest cover of Pakistan based on
twenty years remote sensing data has been reported (Qamer et al., 2016). But how much forest has been
converted into agricultural land is still not known.

Fig. 4 Land use map of Abbottabad during the year 2000
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Fig. 5 Land use map of Abbottabad during the year 2009
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Table 1 Percentage area of tree cover in the year 2000 and 2009
Year
2000
2009

Pixel count
234960
217697

Area in square meter
211464000
195927300

Area in square kilometer
211.464
195.9273

Area in percentage
12.0423
11.1575

Table 2 Vegetation cover change estimation from 2000 to the year 2009
Vegetation cover change
Pixels count
Area
Increase
91823
82640700
No difference
4146
3731400
Decrease
130948
117853200
(Total vegetation cover in year 2000 = 22, 81, 70,700 square kilometer)

Fig. 6 Graph showing decrease in tree cover in 2009

Fig. 7 NDVI maps of year 2000 and 2009
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Fig. 8 NDVI change detection map
Impacts of forest cover change on land
District Abbottabad has very pleasant climatic conditions. It is a heart of tourism, and people from all parts of
the country visit this area to enjoy its weather and beauty. People prefer to settle in this area because of its
weather which also contributes to population increase. Humans are always accused for causing land use change.
Human activities that alter the land use are agriculture, livestock, urbanization, deforestation, construction, and
development etc. These have some serious implications for sustainable development, climate, and livelihood
systems. Recent study revealed that neither population nor poverty alone brings land cover change, it is local as
well as national market policies that drive land use change (Lambin et al., 2001). The change in forestation and
human developments in the area affects the environment of that area in many ways like land erosion, changes in
temperature and precipitation etc. Effect of forestation change over land surface temperature was observed using
GIS and remote sensing techniques.
Landsat thermal IR band was used to estimate the land surface temperature (LST) of the area in year 2000
and 2009. Land surface temperature has strong negative correlation with vegetation cover and surface
temperature variations that affect the social life attributed with changing vegetation cover (Jenerette et al.,
2007). Shift in the pattern of land surface temperature can be attributed to afforestation due to increase in forest
conservation efforts and increase in urban settlements, which converted bare land into forest cover. With the
passage of time, the maximum surface temperature has been significantly reduced from 53 0C to 44.6 0C and the
minimum temperature is reduced from 18 0C to -9 0C (Fig. 9). This contrasting difference in the LST
emphasizes further study on other climatic parameters that govern the climate of a region. Forest has strong
influence on the hydrological cycle and its contribution in the hydrological cycle with evapotranspiration is
significant. Based on this fact, significant increase in the forest cover has overall pleasant impact on the surface
conditions.
Further research is needed in the analysis of environmental and meteorological parameters to clearly assess
the reasoning behind this contrasting change in land surface temperature over Abottabad district. However, the
main focus of the study was to provide a tool for an automated forest change detection which has been published
on esri website and freely available to user community. Its graphical user interface (GUI) deciphers two
different dates’ raster files with classes that can be incorporated in the tool, and it will give change in percentage
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for each class as output (Fig. 10). Fig. 11 is the proof of its successful operation. Fig. 12 is indicating a change
in tree cover from 221 to 195 square kilometers. This tool can also be customized for other change detection
studies.

Fig. 9 Change in land surface temperature in Abbottabad during year 2000 and 2009

Fig. 10 Forest Change Detector GUI
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Fig. 11 Forest Change Detector Processing

Fig. 12 Output of Forest Change Detector Toolbox

CONCLUSION
Spatial Decision Support System (SDSS) developed as a toolbox for ArcGIS that is very helpful tool to evaluate
the forest change in two Landsat images of any area. The results computed through the tool box are compared
with the results found through manual calculations and satisfactorily much similar results were obtained.
Change in the forested area was analyzed and studied based on remotely sensed data and GIS during years 2000
and 2009 in the district Abbottabad. The region has undergone a clear land-use change due to various
anthropogenic and natural factors. Our results have shown that during our study period, the forested area has
decreased, while vegetation and settlements have increased. Influence of land cover-land use change over
environment was analyzed and the results show that the surface temperature over the years has been reduced
significantly. It is noticed that the change in climate is not solely dependent on deforestation. Further research is
needed in the estimation of forest cover conversion into agricultural fields and variations in the local climate.
The study has provided information regarding change in forestation and its impacts over climate and the
developed tool will help us for the assessment of forested areas in all over the world.
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Annex – A
Source Code of Python Toolbox
# Import system modules
importarcpy
importnumpy
fromarcpy import env
from arcpy.sa import *
#Setting Up Environment to overwrite output if file already exist
arcpy.env.overwriteOutput = True
# Set local variables
inRaster1 = arcpy.GetParameterAsText(0)
inRaster2 = arcpy.GetParameterAsText(1)
sigFile1 = arcpy.GetParameterAsText(2)
sigFile2 = arcpy.GetParameterAsText(3)
outfolder = arcpy.GetParameterAsText(4)
probThreshold = "0.0"
aPrioriWeight = "EQUAL"
aPrioriFile = ""
# Check out the ArcGIS Spatial Analyst extension license
arcpy.CheckOutExtension("Spatial")
# Execute the maximum likelihood classification
mlcOut1 = MLClassify(inRaster1, sigFile1, probThreshold, aPrioriWeight, aPrioriFile)
mlcOut2 = MLClassify(inRaster2, sigFile2, probThreshold, aPrioriWeight, aPrioriFile)
# Saving the output
out1 = outfolder + "\output1.tif"
out2 = outfolder + "\output2.tif"
mlcOut1.save(out1)
mlcOut2.save(out2)
#Calculating Forest area in image 1
forest=0
other=0
nullvalues=0
rstArray = arcpy.RasterToNumPyArray(out1)
rows, cols = rstArray.shape # Return the rows, columns
for rowNum in xrange(rows): # Loop through the rows
for colNum in xrange(cols): # Loop through the row's columns
value = rstArray.item(rowNum, colNum) # Get the value at the cell
if value==1:
forest=forest+value
else:
other=other+value
forestarea=forest*30*30/1000000
arcpy.AddMessage("Details of Image 1")
arcpy.AddMessage("Forset: " + str(forest) + " pixels")
arcpy.AddMessage("Forset: " + str(forestarea) + " sq km")
#Calculating Forest percentage in image 2
forest=0
rstArray = arcpy.RasterToNumPyArray(out2)
rows, cols = rstArray.shape # Return the rows, columns
for rowNum in xrange(rows): # Loop through the rows
for colNum in xrange(cols): # Loop through the row's columns
value = rstArray.item(rowNum, colNum) # Get the value at the cell
if value==1:
61

Journal of Pure and Applied Agriculture (2018) 3(1): 49-62
forest=forest+value
else:
other=other+value
forestarea=forest*30*30/1000000
arcpy.AddMessage("Details of Image 2")
arcpy.AddMessage("Forset: " + str(forest) + " pixels")
arcpy.AddMessage("Forset: " + str(forestarea) + " sq km")
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Key Message: This research evaluates responses of conservation agriculture on productivity and profitability
of mungbean under maize based cropping system in far western Nepal.
ABSTRACT: The crop productivity of far western mid hills and river basin region is lower than that of the
other regions of Nepal. The existing cultivation practices of this research area are conventional tillage with
animal driven ploughing and crop residues removal practices. Low crop productivity results from poor crop
management, low soil fertility and climatic variation. Conservation agriculture has been found as an effective
crop management practice to rejuvenate soil fertility and increase crop yield. This research was conducted at
the research field of Regional Agricultural Research Station, Bhagetada, Dipayal, Doti, Nepal during 20152016 with the objective of identifying suitable cereal based crop management practice for high crop
productivity and profitability. It was carried out in split-split plot design with four replications at the plot size
of 18 m2 area. The results revealed that the interaction of maize-lentil-mungbean cropping system,
conservation agriculture and Kalyan variety of mungbean produced the grain yield of 15.62% (1.11 t ha-1)
which were higher than that of the conventional agriculture practice. The interaction of the same cropping
system, conservation agriculture and Kalyan variety produced net benefit of 106.69% (US $ 386.71 ha-1) and
benefit to cost (B: C) ratio 46.04% (2.03) which were higher than that of conventional practice. Thus the
maize-lentil-mungbean cropping system, conservation agriculture and Kalyan variety of mungbean could be
appropriate for the farmers of far western river basin agro-environment of Nepal.
Keywords: Benefit to cost ratio, Conservation agriculture, Cropping system, Grain yield, Mungbean
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INTRODUCTION
Mungbean (Vigna radiata L. Wilczek) is a nutritious, short duration (60-70 days) and warm season leguminous
crop of the country. It provides 24-28% dietary protein and 59-60% carbohydrate on dry weight basis and one
kilogram of mungbean contains about 3400 KJ energy (United States Department of Agriculture [USDA],
2010). Sandhu and Lim (2008) reported that mungbean contains more easily digestible starch than that of other
leguminous crops such as chickpea (Cicer arietinum), pigeon pea (Cajanus cajan) and lentil (Lens culinaris). It
is considered as an iron rich whole food source for baby food due to its palatable taste and nutritional quality
(Imtiaz et al., 2011). It is an important source of protein, carbohydrates and micronutrients for the diet of
human beings. Methionine is relatively poor in mungbean but it contains lysine (Shi et al., 2016). It not only
provides additional income to the farmers, but also supports in the reduction of farm inputs after cultivation.
The cultivation of mungbean between wheat and rice added 33-37 kg nitrogen ha-1 for succeeding crops in
northern part of India (Sekhon et al., 2007).
The total cultivated area of mungbean is 8265 ha with the total production of 10468 t and average
productivity of the country is 1.27 t ha-1 but the productivity of mungbean varieties namely Pratikshya and
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Kalyan is 0.7 t ha-1 (Agricultural Information and Communication Center [AICC], 2015). Out of the total
cultivated area of mungbean, more than 75% area is concentrated under irrigated area of eastern and central
terai of the country (Shrestha et al., 2011). Neupane and Shrestha (2015) reported that mungbean is being
grown under different cropping systems in Nepal such as rice-wheat-mungbean, maize-wheat-mungbean and
maize-lentil-mungbean cropping systems.
Mungbean is one of the important leguminous crops having significant contribution to improve soil fertility
through symbiotic nitrogen fixation process by its root noodles (Singh & Singh, 2011; Ali & Gupta, 2012).
Laik et al. (2014) reported that conservation agriculture could be the best management agriculture for
improving cereal based production system in the Eastern Indo-Gangetic Plains of India. When mungbean is
introduced into the rotation of maize-wheat cropping system with the adoption of conservation tillage, it could
be a viable option for attaining high profit, water and energy use efficiency (Parihar et al., 2017a).
Improvement in crop productivity, profitability and nutrient uptake in kharif maize was observed in
conservation agriculture based tillage agriculture under maize-wheat-sesbania and maize-wheat-mungbean
cropping system experimented in similar agro-climatic condition of north-west region of India (Yadav et al.,
2016). Out of the studied conservation agriculture based systems, maize-wheat-mungbean cropping system was
the best alternative option for sustainable productivity and natural resources conservation with the
improvement of soil quality index by 35% (Choudhary et al., 2018). Integration of mungbean with precise
irrigation and conservation agriculture under maize-wheat or rice-wheat cropping system indicated positive
effects on water and radiation use efficiency (Parihar et al., 2017b). Hassan et al. (2016) concluded that
legumes based cropping system could be the sustainable and cost effective agricultural practices for drylands
areas of northern Punjab of Pakistan. Conservation agriculture contributes sustainable agriculture and it can
play a significant role in increasing food production and livelihoods of rural people (Panday, 2012).
Far western mid hilly region of the country is normally known as food deficit region due to low yield of the
crop. Majority of the farmers residing in this region have small land holdings with low soil fertility. Far
western mid hilly region is the drought prone region of the country. People living in arid, semiarid and low
lying river basin areas are more vulnerable to the effect of climate change (Olmos, 2001). Nepal is the fourth
country of the most vulnerable to the effect of climate change in the world (Siddiqui et al., 2012). Conservation
agriculture is a good practice for attaining food security and healthy environment (Food and Agriculture
Organization [FAO], 2008a). Conservation agriculture has the potentiality of increasing smallholder’s
productivity by mitigating the effect of climate change. So, this research was carried out with the objective of
improving productivity and profitability of mungbean through conservation agriculture in for far western mid
hills of Nepal.
MATERIALS AND METHODS
Experimental site
This experiment was carried out in the research field of Regional Agricultural Research Station (RARS),
Bhagetada, Dipayal, Doti in 2015 and 2016. It is located at the latitude of N 29 015'16.4" and longitude of E
80055'59.3" (Prasai et al., 2016). This research station is situated at the bank of Seti River with the altitude of
546 meters above the sea level and it represents the irrigated river basin agro-environment of far western mid
hills of the country. This research was carried out in sandy loam soils.
Climatic observation
The maximum temperature of the experimental site during the cropping period of mungbean was lower in
April (34.29 °C) in 2015 than that of 2016 (36.78 °C) whereas the maximum temperature of May was higher
(39.39 °C) in 2015 than that of 2016 (35.67 °C). The minimum temperature was higher (20.12 °C) in May in
2016 than that of 2015 (19.76 °C). The total rainfall of 2016 was higher (108.3 mm) than that of the total
rainfall of 2015 (24.9 mm) (Fig. 1 and Fig. 2). The total 0.3 mm rainfall was recorded in April, 2016 and
irrigation was not available due to disorder of water lifting machine.
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Fig. 1 Temperature and rainfall during mungbean growing period at Dipayal, Doti in 2015

Fig. 2 Temperature and rainfall during mungbean growing period at Dipayal, Doti in 2016
Plant materials
Pratikshya is the variety of mungbean. Its origin is Asian Vegetable Research and Development Center
(AVRDC), Taiwan. The year of release of this variety in Nepal is 2006. The pedigree of this variety is VC
6372 (45-8-1). Its yield potential is 0.7 t ha-1. It is commonly recommended for terai to mid hills of Nepal.
Similarly, Kalyan is also a variety of mungbean. Its origin is AVRDC, Taiwan. The year of release of this
variety in Nepal is 2006. The pedigree of this variety is NM 94. Its yield potential is 0.7 t ha-1. It is commonly
recommended for terai to mid hills of Nepal. These two varieties were received from National Grain Legumes
Research Program, Khajura, Nepalganj, Nepal.
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Crop history of the experimental site
Maize-wheat-fallow cropping system had been adopted in the experimental plots before conducting this
conservation agriculture (CA) experiment in the research field of Regional Agricultural Research Station,
Dipayal, Doti. The research field was tilled three times by tractor before seeding of each crop and crop residues
were removed from the field. The FYM fertilizer was applied at the rate of 5-10 t ha-1 depending upon the
availability with the neighbouring farmers.
Experimental design, treatments and crop management
The split-split plot design was applied during the layout of the experiment and the experiment was replicated
four times. Three factors such as cropping system, cultural practices and variety were applied as main plot, sub
plot and sub-sub plot factors, respectively during the randomization of the experiment. Two cropping systems
such as maize-wheat-mungbean and maize-lentil-mungbean cropping systems were taken as main plot factor;
two cultural practices such as conservation and conventional agriculture were applied as sub plot factor.
Similarly, Rajkumar and Arun 2 of maize varieties, Dhaulagiri and WK 1204 varieties of wheat, Shimal and
Khajura1 varieties of lentil, and Pratikshya and Kalyan varieties of mungbean were used as sub-sub plot factor.
After harvesting of wheat and lentil, and before seeding maize varieties, the mungbean varieties were seeded in
the experiment of maize-wheat-mungbean and maize-lentil-mungbean cropping systems. The seed was seeded
in 8th April in first year (2015) and 1st April in second year (2016) of the experiment. The Pratikshya and
Kalyan varieties were seeded at the rate of 30 kg ha-1. The plot size was of 18 m2, that is, 6 m length and 3 m
width. In conservation agriculture, there was no tillage and residues of the crops were left in the plots whereas
conventional experimental plots were tilled and residues of the crops were removed after harvest of each crop.
Small furrows were opened with the help of small peg. Farm yard manure and chemical fertilizers were placed
into these furrows and were mixed with soil before seeding in the conservation experimental plots. Three times
ploughing were done by small hand tractor in the whole plots of the conventional agriculture. The farm yard
manure fertilizer was applied at the rate of 5 t ha-1 and chemical fertilizers were applied at the rate of 20: 40: 20
NPK kg ha-1. Four rows from each plot were harvested in both cultural practices. The pods of mung were
picked up three times from the plants of each conservation and conventional experimental plot. After picking
the pods of mungbean, the plants were left in the field of conservation plots whereas the whole plants were cut
from the base and were removed from the field of conventional plots. The grain of mungbean was sun dried to
maintain the moisture up to 12%. After maintaining the moisture, the grain from each plot was weighted and
converted to the yield per hectare. Grain weight was taken with the help of electronic balance and then
converted into kg ha-1 using the following formula (Imran et al., 2016):
Seed yield (kg ha-1) =

Seed weight in four rows
R-R distance × row length × No of rows

×10000

Economic analysis
The production cost of mungbean in both maize-wheat-mungbean and maize-lentil-mungbean cropping system
was US $ 425.42 ha-1 whereas the production cost of conservation agriculture was 24.7% lower (US $ 378.64
ha-1) than that of the production cost of conventional agriculture (US $472.19 ha-1). The production cost of
Pratikshya and Kalyan variety of mungbean was US $ 425.42 ha-1. The price of mungbean was determined as
per the market price of that time and it was US $ 0.69 kg-1.
The net income was calculated using the formula:
Net income = Gross income – Total cost
Similarly, the cost benefit (B: C) ratio was calculated by the following formula (Bk and Shrestha, 2014):
B: C ratio = Gross income/Total cost
Exchange rate: US $ 1 = NRs.116.52
Date of exchange rate: 25th September, 2018
Statistical analysis
All agronomic data from trials were analyzed by ANOVA using a split split-plot design. The experimental data
were processed using Excel 2010 and analyzed by using Genestat software. Least significant difference
(LSD p ≤ 0.05) test was used for mean comparison to identify the significant components of the treatment
means (Jan et al., 2009; Sharma et al., 2016). Interaction graph was made using statistical software packages of
Minitab ver.17.
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RESULTS
EFFECT OF CA ON GRAIN YIELD OF MUNGBEAN
Effect of cropping system on grain yield
The grain yield of mungbean evaluated under maize-wheat-mungbean cropping system was 0.92% higher (1.10
t ha-1) than that of maize-lentil-mungbean cropping system (1.09 t ha-1) in 2015 whereas in 2016, it was 8.7%
higher in maize-lentil-mungbean cropping system (1.0 t ha-1) than that of maize-wheat-mungbean cropping
system (0.92 t ha-1). The average grain yield of mungbean under maize-lentil-mungbean cropping system was
3% higher (1.04 t ha-1) than that of the average grain yield of maize-wheat-mungbean cropping system (1.01 t
ha-1) (Fig. 3).

Fig. 3 Effect of cropping system on grain yield of mungbean at CA experiment in 2015-16
Effect of cultural practices on grain yield
The grain yield of mungbean varieties under conservation agriculture was 10% lower (1.04 t ha-1) in 2015 and
15.91% higher (1.02 t ha-1) in 2016 than that of the grain yield of conventional agriculture in 2015 (1.15 t ha-1)
and 2016 (0.88 t ha-1). The average grain yield of mungbean under conservation agriculture was 1.98% higher
(1.03 t ha-1) than that of the average grain yield of the same varieties tested under conventional agriculture
(1.01 t ha-1). Statistically, the difference in grain yield between conservation and conventional agriculture was
significant in both of the years (Table 2).
Table 2 Effect of cultural practices on grain yield of mungbean at CA experiment in Bhagetada, Dipayal, Doti
during 2015-2016
Cultural practices
2015
1.04
1.15
1.09
**
0.071

Conservation agriculture (CA)
Conventional agriculture (ConvA)
Mean
F test
LSD (0.05)

Grain yield (t ha-1)
2016
1.02
0.88
0.95
**
0.076

Mean
1.03
1.01
1.02
ns

Effect of varieties on grain yield
The grain yield of Pratikshya variety was 2.78% higher in 2015 (1.11 t ha-1) and 4.08% lower in 2016 (0.94 t
ha-1), respectively than that of the grain yield of Kalyan variety in 2015 (1.08 t ha-1) and 2016 (0.98 t ha-1). The
average grain yield of Kalyan was 0.98% higher (1.03 t ha-1) than that of the mean grain yield of Pratikshya
(1.02 t ha-1) (Fig. 4).
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Fig. 4 Effect of varieties of mungbean on grain yield at CA experiment in 2015-2016
Interaction effect of cropping system and cultural practices on grain yield
The grain yield produced from the interaction effect of maize-wheat-mungbean cropping system and
conservation agriculture was 15.96% lower (1.0 t ha-1) than that of the grain yield produced from the
interaction effect of the same cropping system and conventional agriculture in 2015 (1.19 t ha-1). But the grain
yield produced from the interaction effect of maize-wheat-mungbean cropping system, and conservation and
conventional agriculture was at par in 2016 (0.96 t ha-1). The average grain yield produced from the interaction
effect of maize-wheat-mungbean cropping system and conservation agriculture was 8.57% lower (0.96 t ha-1)
than that of the average grain yield produced from the interaction effect of the same cropping system and
conventional agriculture (1.06 t ha-1). Similarly, interaction effect of maize-lentil-mungbean cropping system
and conservation agriculture produced 7.89% lower and 35.29% higher grain yield in 2015 (1.05 t ha -1) and
2016 (1.15 t ha-1), respectively than that of the grain yield produced from the interaction effect of the same
cropping system and conventional agriculture in 2015 (1.14 t ha -1) and 2016 (0.85 t ha-1). The average grain
yield produced from the interaction effect of maize-lentil-mungbean cropping system and conservation
agriculture was 11.11% higher (1.1 t ha-1) than that of the average grain yield produced from the interaction
effect of the same cropping system and conventional agriculture (0.99 t ha-1). The difference in grain yield
obtained from the interaction of cropping systems and cultural practices was significant in 2016 and over year
analysis (Table 3).
Table 3 Interaction effect of cropping system and cultural practices on grain yield of mungbean at CA
experiment in Bhagetada, Dipayal, Doti during 2015-2016

Cropping system
Maize-wheat-mungbean
Maize-lentil-mungbean
Mean
F test
CV%
LSD (0.05)

Cultural practices
Grain yield of mungbean (t ha-1)
Conservation agriculture
Conventional agriculture
2015
2016
Mean
2015
2016
Mean
1.00
0.93
0.96
1.19
0.91
1.05
1.05
1.15
1.10
1.14
0.85
0.99
1.02
1.04
1.03
1.16
0.88
1.02
ns
**
**
5.3
6.4
8.3
0.158
0.075

Interaction effect of cropping systems and varieties on grain yield
The grain yield produced from the interaction effect of maize-wheat-mungbean cropping system and
Pratikshya variety was 2.70% lower (1.08 t ha-1) than that of the grain yield produced from the interaction
effect of the same cropping system and Kalyan variety in 2015 (1.11 t ha -1). The grain yield produced from the
interaction effect of maize-wheat-mungbean cropping system and Pratikshya and Kalyan varieties was at par
(0.92 t ha-1) in 2016. The average grain yield produced from the interaction effect of maize-wheat-mungbean
and Pratikshya variety was 0.99% lower (1.0 t ha-1) than that of the average grain yield produced from the
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interaction effect of the same cropping system and Kalyan variety (1.01 t ha -1). Interaction effect of maizelentil-mungbean cropping system and Pratikshya variety produced 10.58% higher and 5.82% lower grain yield
in 2015 (1.15 t ha-1) and 2016 (0.97 t ha-1), respectively than that of the grain yield produced from the
interaction effect of the same cropping system and Kalyan variety in 2015 (1.04 t ha -1) and 2016 (1.03 t ha-1).
The average grain yield produced from the interaction effect of maize-lentil-mungbean cropping system and
Pratikshya variety was 2.91% higher (1.06 t ha-1) than that of the average grain yield produced from the
interaction effect of the same cropping system and Kalyan variety (1.03 t ha-1) (Fig. 5).

Fig. 5 Interaction effect of cropping system and mungbean varieties on grain yield (t ha-1)
of mungbean at CA experiment in 2015-2016
Interaction effect of cultural practices and varieties
Interaction effect of conservation agriculture and Pratikshya variety produced 14.88% lower and 22.35%
higher grain yield in 2015 (1.02 t ha-1) and 2016 (1.04 t ha-1), respectively than that of the grain yield produced
from the interaction effect of conventional agriculture and Pratikshya variety in 2015 (1.21 t ha -1) and 2016
(0.85 t ha-1). The average grain yield produced from the interaction effect of conservation and conventional
agriculture and Pratikshya variety was at par (1.03 t ha-1). Similarly, the grain yield produced from the
interaction effect of conservation agriculture and Kalyan variety was 6.31% lower and 12.09% higher in 2015
(1.04 t ha-1) and 2016 (1.02 t ha-1), respectively than that of the grain yield produced from the interaction effect
of conventional agriculture and Kalyan variety in 2015 (1.11 t ha -1) and 2016 (0.91 t ha-1). The average grain
yield produced from the interaction effect of conservation agriculture and Kalyan variety was 1.98% higher
(1.03 t ha-1) than that of the average grain yield produced from the interaction effect of conventional agriculture
and Kalyan variety (1.01 t ha-1) (Fig. 6).
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Fig. 6 Interaction effect of cultural practices and mungbean varieties on grain yield
(t ha-1) of mungbean at CA experiment in 2015-2016
Interaction effect of cropping systems, cultural practices and varieties on grain yield
Interaction effect of maize-wheat-mungbean cropping system, conservation agriculture and Pratikshya variety
produced 17.65% lower and 7.95% higher grain yield in 2015 (0.98 t ha-1) and 2016 (0.95 t ha-1), respectively
than that of the grain yield produced from the interaction effect of the same cropping system, conventional
agriculture and the same variety in 2015 (1.19 t ha-1) and 2016 (0.88 t ha-1). The average grain yield produced
from the interaction effect of maize-wheat-mung cropping system, conservation agriculture and Pratikshya
variety was 6.79% lower (0.96 t ha-1) than that of the average grain yield produced from the interaction effect
of the same cropping system, conventional agriculture and the same variety (1.03 t ha-1). Similarly, the grain
yield produced from the interaction effect of maize-wheat-mungbean, conservation agriculture and Kalyan
variety was 14.28 and 4.25% lower grain yield in 2015 (1.02 t ha-1) and 2016 (0.90 t ha-1), respectively than
that of the grain yield produced from the interaction effect of the same cropping system, conventional
agriculture and same variety in 2015 (1.19 t ha -1) and 2016 (0.94 t ha-1). The average grain yield produced from
the interaction effect of maize-wheat-mungbean cropping system, conservation agriculture and Kalyan variety
was 9.43% lower (0.96 t ha-1) than that of the average grain yield produced from the interaction of the same
cropping system, conventional agriculture and same variety (1.06 t ha -1).
Interaction effect of maize-lentil-mungbean cropping system, conservation agriculture and Pratikshya
variety produced 14.52% lower and 38.27% higher grain yield in 2015 (1.06 t ha-1) and 2016 (1.12 t ha-1),
respectively than that of the grain yield produced from the interaction effect of the same cropping system,
conventional agriculture and same variety in 2015 (1.24 t ha -1) and 2016 (0.81 t ha-1). The average grain yield
produced from the interaction effect of maize-lentil-mungbean cropping system, conservation agriculture and
Pratikshya variety was 6.86% higher (1.09 t ha-1) than that of the average grain yield produced from the
interaction effect of the same cropping system, conventional agriculture and same variety (1.02 t ha-1).
Interaction effect of maize-lentil-mungbean cropping system, conservation agriculture and Kalyan variety
produced 1.94 and 32.58% higher grain yield in 2015 (1.05 t ha -1) and 2016 (1.18 t ha-1), respectively than that
of the grain yield produced from the interaction effect of the same cropping system, conventional agriculture
and same variety in 2015 (1.03 t ha-1) and 2016 (0.89 t ha-1). The average grain yield produced from the
interaction effect of maize-lentil-mungbean cropping system, conservation agriculture and Kalyan variety was
15.62% higher (1.11 t ha-1) than that of the average grain yield produced from the interaction effect of the same
cropping system, conventional agriculture and same variety (0.96 t ha-1) (Fig. 7).
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Fig. 7 Interaction effect of cropping system, cultural practices and varieties on grain yield (t ha-1)
of mungbean yield at CA experiment in 2015-2016
EFFECT OF CA ON NET BENEFIT FROM MUNGBEAN PRODUCTION
Effect of cropping systems on net benefit
The net benefit obtained from the tested varieties of mungbean under maize-wheat-mungbean and maize-lentilmungbean cropping system was at par in 2015 (US $ 307.59 ha-1) whereas is 2016, it was 20.13% higher in
maize- lentil-mungbean cropping system (US $ 280.12 ha-1) than that of maize-wheat-mungbean cropping
system (US $ 223.74 ha-1). The average net benefit obtained from maize-lentil-mungbean cropping system was
10.52% higher (US $ 293.60 ha-1) than that of maize-wheat-mungbean cropping system (US $ 265.66 ha-1)
(Fig. 8).

Fig. 8 Effect of cropping systems on net benefit from CA experiment in 2015-2016
Effect of cultural practices on net benefit
The net benefit of the mungbean varieties studied under conservation agricultural experiment was 0.34 and
100% higher in 2015 (US $ 307.84 ha-1) and 2016 (351.59 ha-1), respectively than that of the net benefit
obtained from the same varieties studied under conventional agricultural experiment in 2015 (US $ 306.81 ha1
) and 2016 (US $ 150.27 ha-1), respectively. The average net benefit obtained from conservation agriculture
was 44.69% higher (US $ 330.67 ha-1) than that of the conventional agriculture (US $ 228.54 ha-1) (Table 4).
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Table 4 Effect of cultural practices on net benefit of mungbean varieties at CA experiment in Bhagetada,
Dipayal, Doti during 2015-2016
Cultural practices
2015
307.84
306.81
307.33
ns

Conservation agriculture (CA)
Conventional agriculture (ConvA)
Mean
F test
LSD (0.05)

Net benefit (US $ ha-1)
2016
353.59
150.27
251.89
**
51.85

Mean
330.67
228.24
279.61
**
44.88

Effect of mungbean varieties on net benefit
The net benefit obtained from Pratikshya variety of mungbean was 8.96% higher in 2015 (US $ 320.54 ha-1)
and 9.04% lower in 2016 (US $ 239.96 ha-1) than that of the net benefit obtained from Kalyan variety of
mungbean in 2015 (US $ 294.19 ha-1) and 2016 (US $ 263.82 ha-1). The average net benefit of Pratikshya
variety was similar (US $ 280.21 ha-1) with the average net benefit of Kalyan (US $ 279.01 ha-1) (Fig. 9).

Fig. 9 Effect of mungbean varieties on net benefit at CA experiment in 2015-2016
Interaction effect of cropping system and cultural practices on net benefit
The net benefit obtained from the interaction effect of maize-wheat-mungbean cropping system and
conservation agriculture was 10.97% lower and 64.6% higher in 2015 (US $ 289.73 ha-1) and 2016 (US $
280.98 ha-1), respectively than that of the net benefit obtained from the interaction effect of the same cropping
system and conventional agriculture in 2015 (US $ 325.44 ha-1) and 2016 (US $ 170.70 ha-1). The average net
benefit obtained from the interaction effect of maize-wheat-mungbean cropping system and conservation
agriculture was 15.05% higher (US $ 285.36 ha-1) than that of the average net benefit obtained from the
interaction effect of the same cropping system and conventional agriculture (US $ 248.03 ha-1). Similarly,
interaction effect of maize-lentil-mungbean cropping system and conservation agriculture produced 13.10 and
231.75% higher in 2015 (US $ 325.95 ha-1) and 2016 (US $ 430.98 ha-1), respectively than that of the net
benefit obtained from the interaction effect of the same cropping system and conventional agriculture in 2015
(US $ 288.19 ha-1) and 2016 (US $ 129.76 ha-1). The average net benefit obtained from the interaction effect of
maize-lentil-mungbean cropping system and conservation agriculture was 80.98% higher (US $ 378.22 ha-1)
than that of the average net benefit obtained from the interaction effect of the same cropping system and
conventional agriculture (US $ 208.98 ha-1) (Table 5).
Table 5 Interaction effect of cropping system and cultural practices on net benefit of mungbean at CA
experiment in Bhagetada, Dipayal, Doti during 2015-2016

Cropping system
Maize-wheat-mungbean
Maize-lentil-mungbean
Mean
F test
CV%
LSD (0.05)

Cultural practices
Net benefit (US $ ha-1)
Conservation agriculture
Conventional agriculture
2015
2016
Mean
2015
2016
Mean
289.73
280.98
285.36
325.44
170.70
248.03
325.95
430.48
378.22
288.19
129.76
208.98
307.84
355.73
331.79
306.81
150.19
228.46
ns
**
**
13.00
16.80
20.85
108.31
52.09
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Interaction effect of cropping system and varieties on net benefit
The net benefit obtained from the interaction effect of maize-wheat-mungbean cropping system and Pratikshya
variety was 5.77 and 1.41% lower in 2015 (US $ 298.32 ha-1) and 2016 (US $ 222.11 ha-1), respectively than
that of the net benefit obtained from the interaction effect of the same cropping system and Kalyan variety in
2015 (US $ 316.86 ha-1) and 2016 (US $ 225.28 ha-1). The average net benefit obtained from the interaction
effect of maize-wheat-mungbean cropping system and Pratikshya variety was 3.99% lower (US $ 260.21 ha-1)
than that of the average net benefit obtained from the interaction effect of the same cropping system and
Kalyan variety (US $ 271.03 ha-1). Similarly, the net benefit obtained from the interaction effect of maizelentil-mungbean cropping system and Pratikshya variety was 26.72% higher in 2015 (US $ 342.69 ha-1) and
14.76% lower in 2016 (US $ 257.81 ha-1) than that of the net benefit obtained from the interaction effect of the
same cropping system and Kalyan variety in 2015 (US $ 271.46 ha-1) and 2016 (US $ 302.44 ha-1). The
average net benefit obtained from the interaction effect of maize-lentil-mungbean cropping system and
Pratikshya variety was 4.64% higher (US $ 300.21 ha-1) than that of the average net benefit obtained from the
interaction effect of the same cropping system and Kalyan variety (US $286.90 ha-1) (Fig. 10).

Fig. 10 Interaction effect of cropping systems and varieties on net benefit (USD $ ha-1) at CA
experiment in 2015-2016
Interaction effect of cultural practices and varieties on net benefit
The net benefit obtained from the interaction effect of conservation agriculture and Pratikshya variety was
11.76% lower in 2015 (US $ 300.46 ha-1) and 175% higher in 2016 (US $ 352.04 ha-1) than that of the net
benefit obtained from the interaction effect of conventional agriculture and Pratikshya variety in 2015 (US $
340.52 ha-1) and 2016 (US $ 127.87 ha-1). The average net benefit obtained from the interaction effect of
conservation agriculture and Pratikshya variety was 39.29% higher (US $ 326.25 ha-1) than that of the average
net benefit obtained from the interaction effect of conventional agriculture and Pratikshya variety (US $ 234.21
ha-1). Similarly, the net benefit obtained from the interaction effect of conservation agriculture and Kalyan
variety was 15.36 and 105.76% higher in 2015 (US $ 315.14 ha-1) and 2016 (US $ 355.13 ha-1), respectively
than that of the net benefit obtained from the interaction effect of conventional agriculture and Kalyan variety
in 2015 (US $ 273.17 ha-1) and 2016 (US $ 172.59 ha-1). The average net benefit obtained from the interaction
effect of conservation agriculture and Kalyan variety was 59.34% higher (US $ 335.13 ha-1) than that of the
average net benefit obtained from the interaction effect of conventional agriculture and Kalyan variety (US $
222.88 ha-1) (Fig. 11).
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Fig. 11 Interaction effect of cultural practices and varieties on net benefit (US $ ha-1) at CA
experiment in 2015-2016
Interaction effect of cropping systems, cultural practices and varieties on net benefit
Interaction effect of maize-wheat-mungbean cropping system, conservation agriculture and Pratikshya variety
produced 15.25% lower in 2015 (US $ 236.69 ha -1) and 91.94% higher net benefit in 2016 (US $ 292.05 ha-1)
than that of the net benefit obtained from the interaction effect of the same cropping system, conventional
agriculture and the same variety in 2015 (US $ 322.95 ha-1) and 2016 (US $ 152.16). The average net benefit
obtained from the interaction effect of maize-wheat-mungbean cropping system, conservation agriculture and
Pratikshya was 19.08% higher (US $ 282.87 ha-1) than that of the average net benefit produced from the
interaction effect of the same cropping system, conventional agriculture and same variety (US $ 237.55 ha-1).
The net benefit obtained from the interaction effect of maize-wheat-mungbean cropping system, conservation
agriculture and Kalyan variety was 6.78% lower in 2015 (US $ 305.78 ha -1) and 38.20% higher in 2016 (US $
261.41 ha-1) than that of the net benefit obtained from the interaction effect of the same cropping system,
conventional agriculture and same variety in 2015 (US $ 328.01 ha -1) and 2016 (US $ 189.15 ha-1). The
average net benefit obtained from the interaction effect of maize-wheat-mungbean cropping system,
conservation agriculture and Kalyan variety was 9.66% higher (US $ 283.56 ha -1) than that of the average net
benefit obtained from the interaction effect of the same cropping system, conventional agriculture and same
variety (US $ 258.58 ha-1).
Similarly, interaction effect of maize-lentil-mungbean cropping system, conservation agriculture and
Pratikshya variety produced 8.63% lower and 297.75% higher net benefit in 2015 (US $ 327.24 ha-1) and 2016
(US $ 412.03 ha-1), respectively than that of the net benefit produced from the interaction effect of the same
cropping system, conventional agriculture and Pratikshya variety in 2015 (US $ 358.14 ha -1) and 2016 (US $
103.59 ha-1). The average net benefit produced from the interaction effect of maize-lentil-mungbean cropping
system, conservation agriculture and Pratikshya variety was 60.11% higher (US $ 369.64 ha -1) than that of the
average net benefit produced from the interaction effect of the same cropping system, conventional agriculture
and same variety (US $ 230.86 ha-1). The net benefit obtained from the interaction effect of maize-lentilmungbean cropping system, conservation agriculture and Kalyan variety was 48.92 and 187.69% higher in
2015 (US $ 325.01 ha-1) and 2016 (US $ 448.85 ha-1), respectively than that of the net benefit obtained from
the interaction effect of the same cropping system, conventional agriculture and same variety in 2015 (US $
218.12 ha-1) and 2016 (US $ 156.02 ha-1). The average net benefit obtained from the interaction effect of
maize-lentil-mungbean cropping system, conservation agriculture and Kalyan variety was 106.74% higher (US
$ 386.71 ha-1) than that of the average net benefit obtained from the interaction effect of the same cropping
system, conventional agriculture and same variety (US $ 187.09 ha -1) (Fig. 12).
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Fig. 12 Interaction effect of cropping systems, cultural practices and varieties on net benefit (US $ ha-1)
at CA experiment in 2015-2016.
EFFECT OF CONSERVATION AGRICULTURE ON BENEFIT TO COST RATIO
Effect of cropping system on benefit to cost (B: C) ratio
The B: C ratio of mungbean varieties examined under maize-wheat-mungbean and maize-lentil-mungbean
cropping system was at par (1.7) in 2015 whereas in 2016, the B: C ratio obtained from maize-wheatmungbean cropping system was 9.77% lower (1.57) than that of the B: C ratio obtained from maize-lentilmungbean cropping system (1.74). The average B: C ratio of mungbean varieties studied under maize-lentilmungbean cropping system was 5.52% higher (1.72) than that of the B: C ratio of the same varieties studied
under maize-wheat-mungbean cropping system (1.63).
Effect of cultural practices on benefit to cost ratio
The B: C ratio of mungbean varieties examined under conservation agriculture was 9 and 45% higher in 2015
(1.77) and 2016 (1.98), respectively than that of the B: C ratio of the same varieties examined under
conventional agriculture in 2015 (1.62) and 2016 (1.33). The average B: C ratio of the tested mungbean
varieties under conservation agriculture was 27% higher (1.87) than that of the average B: C ratio of the same
varieties studied under conventional agriculture (1.47). The difference in B: C ratio between conservation and
conventional agriculture was significant in both years (Table 6).
Table 6 Effect of cultural practices on benefit to cost ratio of mungbean varieties at CA experiment in
Bhagetada, Dipayal, Doti during 2015-2016
Cultural practices
2015
1.77
1.62
1.69
**
0.101

Conservation agriculture (CA)
Conventional agriculture (ConvA)
Mean
F test
LSD (0.05)
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Benefit to cost ratio
2016
1.98
1.33
1.65
**
0.147

Mean
1.87
1.47
1.67
**
0.190
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Effect of mungbean varieties on benefit to cost ratio
The benefit to cost ratio of Pratikshya variety was 2.99 and 2.78% higher in 2015 (1.72) and 2016 (1.11),
respectively than that of the B: C ratio obtained from Kalyan variety in 2015 (1.67) and 2016 (1.08). The
average benefit to cost ratio of Pratikshya variety was 18% higher (1.62) than that of the average B: C ratio
(1.37) of Kalyan.
Interaction effect of cropping system and cultural practices on B: C ratio
The benefit to cost (B: C) ratio produced from the interaction effect of maize-lentil-mungbean cropping system
and conservation agriculture was 14.46 and 70.54% higher in 2015 (1.82) and 2016 (2.20), respectively than
that of the B: C ratio produced from the interaction effect of the same cropping system and conventional
agriculture in 2015 (1.59) and 2016 (1.29). The average B: C ratio produced from the interaction effect of
maize-lentil-mungbean cropping system and conservation agriculture was 39.58% higher (2.01) than that of the
average B: C ratio obtained from the interaction effect of the same cropping system and conventional
agriculture (1.44). Similarly, the B: C ratio produced from the interaction effect of maize-wheat-mungbean
cropping system and conservation agriculture was 4.22 and 28.26% higher in 2015 (1.73) and 2016 (1.77),
respectively than that of the B: C ratio produced from the interaction effect of the same cropping system and
conventional agriculture in 2015 (1.66) and 2016 (1.38). The average B: C ratio produced from the interaction
effect of maize-wheat-mung cropping system and conservation agriculture was 15.13% higher (1.75) than that
of the B: C ratio produced from the interaction effect of the same cropping system and conventional agriculture
(1.52) (Table 7).
Table 7 Interaction effect of cropping system and cultural practices on benefit to cost ratio of mungbean at CA
experiment in Bhagetada, Dipayal, Doti during 2015-2016

Cropping system
Maize-wheat-mungbean
Maize-lentil-mungbean
Mean
F test
CV%
LSD (0.05)

Cultural practices
Benefit to cost ratio
Conservation agriculture
Conventional agriculture
2015
2016
Mean
2015
2016
Mean
1.73
1.77
1.75
1.66
1.38
1.52
1.82
2.20
2.01
1.59
1.29
1.44
1.77
1.98
1.88
1.62
1.33
1.48
ns
**
**
4.90
5.30
8.67
0.287
0.160

Interaction effect of cropping system and varieties on benefit to cost ratio
The B: C ratio produced from the interaction effect of maize-wheat-mungbean cropping system and Pratikshya
variety was 2.91% lower (1.67) than that of the B: C ratio produced from the interaction effect of the same
cropping system and Kalyan (1.72) in 2015 whereas in 2016, the B: C ratio produced from the interaction
effect of the same cropping system and Pratikshya and Kalyan variety was at par (1.57). The average B: C ratio
produced from the interaction effect of maize-wheat-mungbean cropping system and Pratikshya variety was
1.22% lower (1.62) than that of the average B: C ratio produced from the interaction effect of the same
cropping system and Kalyan variety (1.64). Similarly, the B: C ratio produced from the interaction of maizelentil-mungbean cropping system and Pratikshya variety was 14.46% higher (1.82) in 2015 and 6.11% lower
(1.69) in 2016 than that of the B: C ratio produced from the interaction effect of the same cropping system and
Kalyan variety in 2015 (1.59) and 2016 (1.80). The average B: C ratio produced from the interaction effect of
maize-lentil-mung cropping system and Pratikshya variety was 3.55% higher (1.73) than that of the average B:
C ratio produced from the interaction effect of the same cropping system and Kalyan variety (1.69) (Fig. 13).
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Fig. 13 Interaction effect of cropping system and varieties on benefit to cost ratio at CA experiment
in Bhagetada, Dipayal, Doti during 2015-2016
Interaction effect of cultural practices and varieties on benefit to cost ratio
The B: C ratio produced from the interaction effect of conservation agriculture and Pratikshya variety was
3.98% lower (1.69) in 2015 and 54.69% higher (1.98) in 2016 than that of the B: C ratio produced from the
interaction effect of conventional agriculture and Pratikshya variety in 2015 (1.76) and 2016 (1.28). The
average B: C ratio produced from the interaction effect of conservation agriculture and Pratikshya variety was
20.39% higher (1.83) than that of the average B: C ratio produced from the interaction effect of conventional
agriculture and same variety (1.52). Similarly, the B: C ratio produced from the interaction effect of
conservation agriculture and Kalyan variety was 14.74 and 44.20% higher in 2015 (1.79) and 2016 (1.99),
respectively than that of the B: C ratio produced from the interaction effect of conventional agriculture and
Kalyan variety in 2015 (1.56) and 2016 (1.38). The average B: C ratio produced from the interaction effect of
conservation agriculture and Kalyan variety was 28.57% higher (1.89) than that of the average B: C ratio
produced from the interaction effect of conventional agriculture and same variety (1.47) (Fig. 14).

Fig. 14 Interaction effect of cultural practices and varieties on benefit to cost ratio at CA
experiment in Bhagetada, Dipayal, Doti during 2015-2016
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Interaction effect of cropping systems, cultural practices and varieties on benefit to cost ratio
The B: C ratio produced from the interaction effect of maize-wheat-mungbean cropping system, conservation
agriculture and Pratikshya variety was 1.77% lower (1.66) in 2015 and 35.07% higher (1.81) in 2016 than that
of the B: C ratio produced from the interaction effect of the same cropping system, conventional agriculture
and Pratikshya variety in 2015 (1.69) and 2016 (1.34). The average B: C ratio produced from the interaction
effect of maize-wheat-mungbean cropping system, conservation agriculture and Pratikshya variety was 14.57%
higher (1.73) than that of the average B: C ratio produced from the interaction effect of the same cropping
system, conventional agriculture and same variety (1.51). The B: C ratio produced from the interaction effect
of maize-wheat-mungbean cropping system, conservation agriculture and Kalyan variety was 5.65% lower
(1.67) in 2015 and 21.83% higher (1.73) in 2106 than that of the B: C ratio produced from the interaction effect
of the same cropping system, conventional agriculture and Kalyan variety in 2015 (1.77) and 2016 (1.42). The
average B: C ratio produced from the interaction effect of maize-wheat-mungbean cropping system,
conservation agriculture and Kalyan variety was 6.92% higher (1.70) than that of the B: C ratio produced from
the interaction effect of the same cropping system, conventional agriculture and same variety (1.59) (Fig. 15).
Similarly, the B: C ratio produced from the interaction effect of maize-lentil-mungbean cropping system,
conservation agriculture and Pratikshya variety was 4.94% lower (1.73) in 2015 and 74.79% higher (2.15) in
2016 than that of the B: C ratio produced from the interaction effect of the same cropping system,
conventional agriculture and same variety in 2015 (1.82) and 2016 (1.23). The average B: C ratio produced
from the interaction effect of maize-lentil-mungbean cropping system, conservation agriculture and Pratikshya
variety was 27.63% higher (1.94) than that of the average B: C ratio produced from the interaction effect of the
same cropping system, conventional agriculture and same variety (1.52). The B: C ratio produced from the
interaction effect of maize-lentil-mungbean, conservation agriculture and Kalyan variety was 26.39 and
67.91% higher in 2015 (1.82) and 2016 (2.25), respectively than that of the B: C ratio produced from the
interaction effect of the same cropping system, conventional agriculture and same variety in 2015 (1.44) and
2016 (1.34). The average B: C ratio produced from the interaction effect of maize-lentil-mungbean cropping
system, conservation agriculture and Kalyan variety was 46.04% higher (2.03) than that of the average B: C
ratio produced from the interaction effect of the same cropping system, conventional agriculture and same
variety (1.39) (Fig. 15).

Fig. 15 Interaction effect of cropping systems, cultural practices and varieties on benefit to cost ratio at
CA experiment in Bhagetada, Dipayal, Doti during 2015-2016
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DISCUSSION
Under conservation agricultural practices, the productivity of Kalyan and Pratikshya varieties of mungbean
under maize-lentil-mungbean cropping system was 15.62 and 13.54% higher, respectively than that of the
productivity of the same varieties under maize-wheat-mungbean cropping system. Conversely, under
conventional agricultural practices the productivity of Kalyan and Pratikshya variety of mungbean under
maize-lentil-mungbean cropping system was 9.43 and 0.97% lower, respectively than that of the productivity
of the same varieties under maize-wheat-mungbean cropping system. The yield of mungbean varieties varied
under different cultural practices. The tillage system significantly affected grain yield of mungbean (Imran et
al., 2016). Comparable yields of different crops under conventional and conservation tillage systems have also
been reported by Schlegel et al. (1999); Zorita (2000); Baumhardt & Jones (2002); Ijaz & Ali (2007).
Under conservation agricultural practices, the net benefit of the mungbean varieties under different
cropping systems (cereal-legume-legume and cereal-cereal-legume) showed that the net benefit of Kalyan and
Pratikshya variety under maize-lentil-mungbean cropping system was 36.38 and 30.67% higher, respectively
than that of the net benefit of the same varieties studied under maize-wheat-mungbean cropping systems. But
under conventional agricultural practices, the net benefit of Kalyan and Pratikshya varieties of mungbean under
maize-lentil-mungbean cropping system was 27.64 and 2.82% lower, respectively than that of the net benefit of
the same varieties under maize-wheat-mungbean cropping systems. Under conservation agricultural practices,
the benefit to cost ratio of Kalyan and Pratikshya varieties of mungbean under maize-lentil-mungbean cropping
system was 19.41 and 12-41% higher, respectively than that of the benefit to cost ratio of the same varieties
under maize-wheat-mungbean cropping system whereas the B: C ratio of Kalyan and Pratikshya varieties
under maize-lentil-mungbean cropping system with conventional agricultural practices was 12.58 and 0.66%
lower, respectively than that of the B: C ratio of the same varieties under maize-wheat-mungbean cropping
system with same agricultural practices.
The benefit cost ratio was higher in conservation agricultural practices than that under conventional
agricultural practices. This finding was similar to the findings reported by Karki et al. (2014). The benefit cost
ratio of 1.7 in conventional tillage with residue removed and 2.5 in no tillage with residue kept were recorded
in the second year. The grain yield of the mungbean varieties under same cropping systems and different
cultural practices showed that the productivity of Kalyan and Pratikshya variety under maize-lentil-mungbean
cropping systems and conservation agricultural practices was 15.62 and 6.97% higher, respectively than that of
the productivity of the same varieties under maize-lentil-mungbean cropping system and conventional
agricultural practices. The productivity of Kalyan and Pratikshya varieties under maize-wheat-mungbean
cropping system under conservation agricultural practices was 9.43 and 6.70% higher, respectively than that of
the productivity of the same varieties under maize-wheat-mungbean cropping system under conventional
agricultural practices.
Similarly the net benefit of Kalyan and Pratikshya varieties under maize-lentil-mungbean cropping system
and conservation agricultural practices was 106.69 and 60.11% higher, respectively than that of the net benefit
of the same varieties under maize-lentil-mungbean cropping system and conventional agricultural practices
whereas, the net benefit of Kalyan and Pratikshya variety of mungbean under maize-wheat-mungbean cropping
system and conservation agricultural practices was 9.66 and 19.07% higher, respectively than that of the net
benefit of the same varieties under maize-wheat-mungbean cropping system and conventional agricultural
practices. The B: C ratio of Kalyan and Pratikshya varieties of mungbean under maize-lentil-mungbean
cropping system and conservation agricultural practices was 46.04 and 27.63% higher, respectively than that of
the B: C ratio of the same varieties under same cropping system and conventional agricultural practices.
Similarly, the B: C ratio of Kalyan and Pratikshya varieties under maize-wheat-mungbean cropping system and
conservation agricultural practices was 6.92 and 14.57% higher, respectively than that of the B: C ratio of the
same varieties under maize-wheat-mungbean cropping system and conventional agricultural practices.
Various researchers also reported that conservation agriculture produced higher yield and profit than that of
conventional agriculture. Conservation agriculture aims to produce crop yields by reducing production costs,
maintaining the soil fertility and conserving water (Hossain et al., 2015). The conservation system determined
the obtaining of higher production of crops compared to the conventional agriculture system because this
system has the advantage to preserve water and under the condition of a water deficit during the vegetation
period, it contributes to a more efficient use of fertilizers. Conservation agriculture improves water infiltration,
moisture of the soil, and minimizes water runoff and evaporation in a short period (Thierfielder et al., 2005).
Water and nutrient use efficiency was higher in no till and residue retained plot than that of tilled and residue
removed (Huang et al, 2008; Baumhardt et al., 2013a; 2013b). No till and residue retained soil can hold
moisture up to 35 days whereas till soil can hold only for 15 days (Mrabet, 2000). Kassam et al. (2009);
Derpsch et al. (2010) reported 20-120% higher yield in conservation agriculture. Conservation agriculture
contributes to high production with less labor and this is the basis of earning more profit in CA than that of
conventional (Ito et al., 2007; Haggblade et al., 2011; Mazvimavi, 2011). FAO (2010) reported higher annual
79

Journal of Pure and Applied Agriculture (2018) 3(1): 63-82
return from conservation agriculture than that of conventional agriculture in Zambia. FAO (2008b); Derpsch et
al. (2010) found 249% higher annual return (US $ 213 ha-1) from CA than that of conventional agriculture (US
$ 61 ha-1). Shetto and Owenya (2007) reported 50-75% lower cost of production in conservation agriculture
than that of conventional agriculture. Higher gross margin was in CA than that of conventional (Tshuma et al.,
2010). CA produced 39% higher grain yield than that of conventional (Mazvimavi et al., 2012). Rusinamhodzi
et al. (2011) concluded 7.3% more grain yield in no till, residue retention and crop rotation cultivation
agriculture in dry land climates.
CONCLUSION
The conservation agriculture was found to be more beneficial as compared to conventional agriculture
practices in term of crop production and economic return. The interaction effect of maize-lentil-mungbean
cropping system, conservation agriculture and Pratikshya and Kalyan varieties of mungbean recorded 6.8 to
15.6% higher grain yield and 60-100% higher net benefit and 27-46% higher benefit to cost ratio than that of
conventional agriculture. So, these research findings suggest that the farmers should apply maize-lentilmungbean cropping system, conservation agriculture and Kalyan variety of mungbean for high productivity
and profitability in far western river basin agro-environment of mid hills of Nepal.
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