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Impact of land configuration 
and organic nutrient management 
on productivity, quality and soil 
properties under baby corn 
in Eastern Himalayas
Subhash Babu1,4*, Raghavendra Singh2*, R. K. Avasthe2, Gulab Singh Yadav3, Anup Das3, 
Vinod K. Singh4*, K. P. Mohapatra5, S. S. Rathore4, Puran Chandra5 & Amit Kumar2

Appropriate land configuration and assured nutrient supply are prerequisites for quality organic 
baby corn (Zea mays L.) production in high rainfall areas of the delicate Eastern Himalayan Region 
of India. A long term (5-year) study was conducted during 2012–2016 on a sandy loam soil in the mid 
attitude of Sikkim, Eastern Himalayan Region of India to evaluate the productivity, produce quality, 
the profitability of baby corn, and soil properties under different land configurations comprising 
flatbed, ridge and furrow, and broad bed and furrow, and organic nutrient management practices 
comprising un-amended control, farmyard manure 12 t ha−1, vermicompost 4 t ha−1 and farmyard 
manure 6 t ha−1 + vermicompost 2 t ha−1. The baby corn sown on broad bed and furrow had the tallest 
plant (149.25 cm), maximum dry matter (64.33 g  plant−1), highest leaf area index (3.5), maximum 
cob length (8.10 cm), cob girth (6.13 cm) and cob weight (8.14 g) leading to significantly higher fresh 
baby corn yield (1.89 t ha−1), and net returns (US$ 906.1 ha−1) than those of other treatments. Mineral 
composition (phosphorus, potassium, iron, and zinc), protein, and ascorbic acid content were also 
the highest in baby corn grown under the broad bed and furrow system. The soil of broad bed and 
furrow had a higher pH, organic carbon content, organic carbon pools, microbial biomass carbon, and 
enzymatic activities (dehydrogenase, fluorescein diacetate, and acid phosphatase) compared to soils 
of other land configurations. A combined application of farmyard manure (6 t ha−1) + vermicompost 
(2 t ha−1) improved the crop growth and produced 117.8% higher fresh baby corn and 99.7% higher 
fodder yield over control (0.9 t fresh corn and 13.02 t fodder yield  ha−1), respectively. This treatment 
also registered significantly higher gross return (US$ 1746.9 ha−1), net return (US$ 935.8 ha−1), and 
benefit–cost ratio (2.15) than other nutrient management practices. Fresh cob quality in terms 
of protein (22.91%) and ascorbic acid content (101.6 mg 100 g−1) was observed to be significantly 
superior under combined application of farmyard manure (6 t ha−1) + vermicompost (2 t ha−1) than 
those of other nutrient management systems. However, fresh baby corn cobs produced with 
vermicompost 4 t ha−1 had the highest concentration of phosphorus, potassium, iron, and zinc. 
Application of farmyard manure 12 t ha−1 registered the maximum increment in soil organic carbon 
content (1.52%), its pool (40.6 t ha−1) and carbon sequestration rate (0.74 t ha−1 year−1) followed by 
integrated application of farmyard manure (6 t ha−1) and vermicompost (2 t ha−1). The maximum 
soil microbial biomass carbon and enzymatic activities [dehydrogenase (22.1 µg TPF  g−1 soil  h−1) and 
fluorescein diacetate (67.1 µg FDA  g−1 soil  h−1)] were noted with the combined use of farmyard manure 
(6 t ha−1) + vermicompost (2 t ha−1). Thus, the study suggests that the broad bed and furrow land 
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configuration along with the combined application of farmyard manure + vermicompost could be an 
economically feasible practice for quality organic baby corn production and soil health improvement in 
the Eastern Himalaya and other similar eco-regions elsewhere.

Globally, public awareness about the hazardous effects of irrational use of agrochemicals on human health 
increased the demand for safe and organically grown  food1. With the growing anxiety over health, people prefer 
quality nutritious food than bulky stuff. With increasing consumer preferences and purchasing power, people 
are ready to buy organic food products at a much higher price than conventional  products2,3. It is established that 
organic farming products are superior in quality, safe, and environment-friendly than the produce from synthetic 
chemical-based  farming3,4. In addition to this, organic farming has the minimum negative impact on environ-
mental  quality5,6, human and animal  health7, and it improves the soil  structure8, soil organic carbon (SOC)9, soil 
 functionality10, water use  efficiency11 and ecosystem  services12,13. However, some researchers indicated a 20–40% 
yield reduction in organic farming compared to that of chemical-based  farming14,15. The available data indicates 
that the magnitudes of yield reduction depend on the types of crops grown, the climate, soil conditions, and 
management  practices7. Consequently, organic farming systems may require additional land to produce the same 
quantity of output to that of conventional  farming11,15. This warrants the cultivation of short duration, high value, 
high volume crops like vegetables to compensate for the yield losses by fetching a premium price (a price higher 
than the standard price for products/goods). Organic produce especially vegetables are important for nutritional 
 security16 and for obtaining premium  price17. In the case of most of the vegetable crops, the entire biomass is 
removed from the field as economic output, which accelerates soil carbon  losses18. Furthermore, the nutrient’s 
requirement of vegetable crops is relatively higher as compared with other crops like cereal and  legumes3. Hence, 
nutrient management is a major issue in organic vegetable production  systems19. One such potential vegetable 
for organic production is baby corn (Zea mays L.). Baby corn is a cereal crop that is harvested at the onset of 
silking and can be consumed as a vegetable while the stalks are still  immature20.

Baby corn is a high-value short duration (65–75 days) multi-use cereal crop, well-suited to intensive cropping 
systems, and can be grown throughout the year under diverse climatic conditions. Baby corn production and 
markets are growing worldwide, especially in Asia, Africa, and South  America21. Asian countries are the major 
consumers of baby corn. In Asia, Thailand, China, and Taiwan are the major baby corn  producers21. Similar to 
other Asian countries, in India, it is gaining attention among the growers owing to its high demand, promising 
market, value addition, and high-income opportunities. Baby corn is a rich source of crude protein, phosphorus 
(P), potassium (K), calcium (Ca), sugars, ascorbic acid, and crude fiber  content21. Baby corn is used either of two 
ways, fresh or processed  consumption22,23. Besides the main product, it also provides a considerable amount of 
quality green fodder; a by-product, a valuable feed for  cattle24. Hence, the cultivation of baby corn provides an 
opportunity to maintain a dairy farm. Livestock is an integral component of organic farming as the sustainability 
of a low input production system depends on close nutrient recycling of on-farm inputs. Nutrient management 
in organic production is a major challenge for obtaining profitable  yield25. Therefore, nutrients’ supply is more 
crucial in high-density short duration crops like baby  corn20 when it is grown under organic farming. Adequate 
and consistent supply of nutrients during the entire growth period (seedling to harvesting) of baby corn is 
indispensable for harvesting optimum economic  yield26. Under organic management, nutrient’s release and 
crop demand synchrony is very much  required27; hence, a thorough understanding of nutrient’s release pattern 
from organic sources is essential to avoid nutrients stress. Thus, the development and implementation of efficient 
nutrient management practices are pivotal for successful organic baby corn  production28 and to improve the 
product quality and yield, besides overall soil health  improvement2.

Baby corn is highly sensitive to both excess and deficit moisture stress. Water stagnation arrests/minimizes 
most of the soil enzymatic activities leading to the poor transformation of soil nutrients. Hence, adequate drain-
age facilities are pre-requisites for successful baby corn production in high rainfall areas. Land configuration 
i.e., alteration of land surface and shape of seedbed will provide an opportunity to facilitate the drainage of 
excess water and avoid the water stagnation on the soil surface. Land management system plays a crucial role in 
minimizing soil erosion and improving the water use efficiency of field  crops29. However, most of the research 
on a land configuration has focused on avoiding/minimizing drought stress in crops especially in semi-arid, and 
tropical and subtropical  climates30 especially in mustard (Brassica juncea)31, pearl millets (Pennisetum glaucum)32, 
and  corn33. However, systematic information on the effect of land configuration on baby corn productivity and 
product quality for high rainfall high altitude areas is not available to policymakers and farmers.

The Eastern Himalayas outspread from the Kaligandaki Valley in Nepal to northwest Yunnan in China—
encompassing Bhutan, the eight Indian states, part of Tibet, Myanmar and spreads over ~ 52.5 million hectares 
(Mha)34. The North Eastern Himalayan Region (NEHR) of India is a high rainfall zone covering > 26.3 Mha  area35 
and receives ~ 250 cm rain per annum, which has a very high potential for organic baby corn production because 
of its unique climatic conditions for crop production. However, heavy rains during pre-monsoon and monsoon 
season cause water stagnation, thereby, adversely affecting the growth and yield of crops. Inadequate drainage is 
the main constraint for profitable baby corn production in the NEHR and other areas with similar climatic condi-
tions. However, with the development of a suitable land configuration system for crop establishment, three crops 
of baby corn can be grown in a year in high rainfall area of the hilly region by facilitating adequate drainage. Many 
food processing companies are evolving in the NEHR. There is tremendous scope for contract organic farming 
of baby corn for assured income to the growers in the region. Furthermore, baby corn has higher employment 
generation potential as compared with traditional crops of the region under organic  management36. However, 
baby corn is a nutrient demanding crop, requires heavy fertilization especially under high rainfall zones like 
NEHR. Agriculture in the NEHR, India is organic by default and the Hon’ble Prime minister of India declared 
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Sikkim as the first organic farming state of India in January 2016. The National Programme for Organic Produc-
tion (NPOP), Government of India legislation was applied to declare Sikkim as the first organic state in India. 
Other states of the NEHR also intend to become organic states in the near future. However, productivity under 
organic farming largely depends on an assured supply of nutrients through organic manures. Basal application 
of farmyard manure (FYM) at the time of land preparation is a common practice in organic farming. The basal 
application of FYM is not sufficient to support the nutrient demand of crops from seeding to harvesting due 
to its low nutrient content and very slow release pattern. This makes the synchronization of nutrients release 
and their uptake by crop plants very difficult, especially in short duration crops like baby corn. Many studies 
have demonstrated that the combined application of organic manures enhances the baby corn yield over their 
sole applications in the semi-arid region of  India37, the Western Himalayan  region38, the Indo-Gangetic Plains 
of  India39 and the Eastern Gangetic  Plains33,40. However, these recommendations are not directly replicable in 
high rainfall zones of the NEHR, India due to variations in pedo-climatic, socio-economic, and technological 
constraints. Studies have not been conducted in the NEHR to evaluate the impact of land configuration and 
integrated use of organic manures on baby corn productivity, profitability, quality, and soil health.

Thus, it was hypothesized that broad bed and furrow (BBF) sowing and conjoint use of FYM and vermicom-
post (VC) may be an economically viable practice for quality organic baby corn production, besides sustaining the 
soil health in the NEHR and similar hill eco-regions across the globe. The specific objectives of the experiment to 
test the above hypothesis were to i) ascertain the effect of land configuration and organic nutrient management 
practices on productivity, quality, and economics of baby corn in high rainfall zone; and ii) evaluate the changes 
in soil carbon, available nitrogen (N), phosphorus (P), potassium (K) and enzymatic reactions in response to 
land configuration and organic nutrient management practices.

Materials and methods
Experimental site. Field investigations were conducted during five consecutive pre-Kharif seasons (2012–
16) at the Research Farm, Indian Council of Agricultural Research (ICAR) Research Complex, Sikkim Centre, 
Tadong, Gangtok, Sikkim, India. The experimental site is located at  27o32′ N latitude and  88o60′ E longitude at an 
altitude of 1350 m above mean sea level. The experimental site had a mild temperate climate. The mean annual 
maximum and minimum temperatures were 22  °C and 4  °C, respectively. The experimental field was under 
organic management since 2003. The Haplumbrept soil of the experimental site was sandy loam in texture. Com-
posite pre-experiment soil samples were taken from 0–20 cm depth for initial soil analysis. The pre-experiment 
values of different soil parameters (0–20 cm) are presented in Table 1. Meteorological observations during the 
experimental period are presented in Fig. 1.

Experimental setup and crop management. A set of 12 treatment combinations comprising of three 
land configurations viz., flatbed sowing (FB, it is common farmers’ practice), flat sowing followed by earthing 
up after 20 days of sowing (ridge and furrow-RF) and sowing on broad bed and furrow (BBF) were assigned 
to main plots and four organic nutrient management practices viz., non-amended (control), FYM 12  t ha−1, 
VC 4 t ha−1 and FYM 6 t ha−1 + VC 2 t ha−1 allocated to sub-plots and tested under split-plot design with three 
replications for five consecutive years on the same field (treatments superimposed). Well decomposed organic 
manure (FYM and VC) was applied manually in each plot, 1 week before sowing, and mixed well into the top-
15 cm soil. The nutrient composition of FYM and VC is presented in Table 2. To avoid the intermixing of the 
different manures between the subplots, each subplot and main plot was separated by a permanent bund (75 cm 
width and 10–15 cm height), which were repaired and maintained every year during the entire period of the 
study. The individual plots were manually prepared/plowed with the help of spade during each cropping sea-
son. Baby corn (cultivar G-5406) was sown manually with a spacing of 40 cm × 15 cm during the first week of 
March every year. Land configurations were made each year. On the FB, the sowing of baby corn was done by 

Table 1.  Soil properties (0–20 cm) at the initiation of the experiment (2012). N nitrogen, P phosphorus, K 
potassium, MBC microbial biomass carbon, TPF triphenylformazan, FDA fluorescin di acetate.

Parameters Values References

Sand (%) 44.6 Piper90

Silt (%) 41.6 Piper90

Clay (%) 13.8 Piper90

Organic carbon (%) 1.34 Walkley and  Black49

Bulk density (Mg  m−3) 1.37 Blake and  Hartge44

pH (1:2 soil: water) 6.15 Prasad et al.41

Available–N (kg  ha−1) 336.4 Prasad et al.41

Available–P (kg  ha−1) 14.8 Prasad et al.41

Available–K (kg  ha−1) 352.8 Prasad et al.41

Microbial biomass carbon (µg MBC  g−1 soil) 318.3 Vance et al.45

Fluorescin di acetate (µg FDA  g−1 soil  h−1) 38.61 Green et al.47

Dehydrogenase activity (µg  TPFg−1 soil  h−1) 11.51 Casida et al.46

Acid phosphatase (µg p-nitrophenol  g−1 soil  h−1) 2.14 Tabatabai and  Bremner48



4

Vol:.(1234567890)

Scientific RepoRtS |        (2020) 10:16129  | https://doi.org/10.1038/s41598-020-73072-6

www.nature.com/scientificreports/

maintaining the normal distance (40 cm × 15 cm). However, in the RF method, 15 cm deep soil was excavated 
20 days after sowing (DAS) between two rows of baby corn and placed at the base of individual rows. Under 
the BBF system, the width of the bed and furrow was 60 cm and 20 cm, respectively, and two rows of baby corn 
were planted on the bed at a spacing of 40 cm. A detailed description of land preperation/configurations along 
with the schematic diagram is presented in Fig. 2. After sowing, the seeds were covered with soil and gap-filling/
thinning was undertaken 1 week after sowing to maintain a uniform plant population. No major incidence of 
insects-pests and diseases were observed during the crop growth period, hence, no plant protection measures 
were required. However, irrespective of the treatment one hand weeding was given at 20 DAS. The crop was de-
tasseled (removal of male inflorescences) before initiation of pollen shedding (55–60 DAS) to prevent fertiliza-
tion and divert nutrient flow towards the baby cobs. 

Figure 1.  Monthly rainfall (mm), mean monthly maximum and minimum temperatures (°C) during 
experimental period.

Table 2.  Nutritional composition of organic manures used in experimentation (2012–2016). EC electrical 
conductivity, N nitrogen, P phosphorus, K potassium, Zn zinc, Fe iron, Mn manganese, Cu copper.

Particulars Farmyard manure Vermicompost

pH 6.48 ± 0.29 6.94 ± 0.09

EC (ds m) 0.14 ± 0.02 0.16 ± 0.04

N (%) 0.61 ± 0.09 1.56 ± 0.05

P (% 0.29 ± 0.04 0.85 ± 0.05

K (%) 0.52 ± 0.05 1.25 ± 0.10

Zn (ppm) 72.8 ± 11.4 384.2 ± 21.24

Fe (ppm) 1674 ± 299.6 5606.6 ± 1082.2

Mn (ppm) 42.8 ± 10.8 341.0 ± 29.54

Cu (ppm) 189.6 ± 32.8 237.20 ± 25.64
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Harvesting, growth and yield measurement. Fresh baby cobs along with attached sheaths were har-
vested at 2–3 days interval in between 65–75 days after sowing (within 2–3 days of silking) during the first week 
of May every year. At the time of harvesting, five plants were randomly selected from each plot for the recording 
of growth parameters. Plant height was measured from base to the tip of a leaf and expressed in cm. Leaf area 
index (LAI) i.e., the leaf area per unit land area was calculated. Five plants were uprooted from the sampling 
row, cleaned and separated from the root portion, oven-dried at 70 ± 5 °C till achieving constant dry weight, and 
expressed in g  plant−1 for estimation of dry matter accumulation (DMA). After harvesting randomly 10 cobs 
from each harvest were selected from each plot. The cob sheath of selected baby cobs was peeled-off, cob length, 
and weight were recorded and averaged from which mean values were attained. The cob girth was measured by 
vernier calipers and the mean value was presented. Baby corns were de-husked manually and the yields of baby 
corns were reported on a fresh weight basis and expressed in t ha−1. After complete harvesting of baby cobs from 
the plants, the entire biomass was removed plot-wise with the help of iron sickle from the field, weighed and 
expressed as t ha−1.

Quality analysis. Baby corn samples were collected at harvest, oven-dried at 70 ± 5  °C, and ground. To 
remove the foreign particles, the samples were passed through a 40-mesh sieve. The grounded material was 
collected in butter paper bags for chemical analysis. The total nitrogen content in cob samples was analyzed by 
nitrogen determination in KJELTEe, AUTO 1030. For the estimation of P, 10 ml of diacidic (nitric acid: perchlo-
ric acid 3:1) mixture was poured into a 150 ml conical flask containing one gram of finely pulverized baby corn. 
The mixture was swirled to mix the baby corn thoroughly with the diacid. The flask was placed on a hot plate 
until the digestion was completed. After the digestion, the aliquot was passed through a Whatman grade 40 filter 
paper and the filtrate was collected in a 100 ml volumetric flask. The final volume was made up with distilled 
water. 10 ml of the aliquot was taken and mixed with 10 ml ammonium molybdate solution and mixed. P con-
tent was recorded in a spectrophotometer (Model GENESYS 10 UV)41. Similarly, for the estimation of total K 
content, one gram finely ground baby cob was mixed with 20 ml of the acid mixture (conc.  HNO3: conc.  H2SO4: 
 HClO4) (5:1:2) in a 100 ml conical flask. The flask was placed on a hot plate until the digestion was completed. 
The flask was removed from the hot plate and allowed to cool. After cooling, 20 ml of distilled water was added 
and the aliquot was filtered through Whatman filter paper grade 40 into a 100 ml volumetric flask. The final 
volume adjusted and the aliquot was used for estimation of K by a flame photometer (SYSTRONIC)41. Micro-
nutrients [Iron (Fe) and Zinc (Zn)] content were estimated by Atomic Absorption Spectrophotometer (Model 
GBC 932 plus). The protein content in the cob was obtained by multiplying the total N content with constant 
factor 6.25 and expressed in percentage. The ascorbic acid content in fresh baby corn was estimated by the 2, 6 
dichlorophenol indophenol dye  method42 and expressed in mg 100 g−1.

Manure sampling and analysis. Every year, manure (FYM and VC) samples were collected immedi-
ately after application from four places in each plot. The collected samples from different plots were mixed to 
form a composite sample each for FYM and VC. Manure samples were collected in a transparent plastic bottle, 
sealed tightly and stored in a refrigerator (4 °C) until individual parameters were analyzed. The samples were 
air-dried, ground, passed through a 2 mm sieve for analysis of pH and EC. The total N, P, and K were ana-

Land 
Configuration 

noitpircseDnoitacificepS

Flatbed (FB) This was routine practice 
followed by the farmers 
where 2-3 deep plowing 
with spade were done.  

40cm 

Ridges and 
furrow  (R-F) 

Soil between the two rows 
excavated and placed at the 
base of the individual row. 
Hence, 15 cm deep furrows 
were formed.  

40cm

                                                                                                             15cm 

Broad bed and 
furrow  (BBF) 

The broad bed and furrows 
were made by15 cm deep 
soils excavated and placed on 
60 cm width for broad beds. 
Total width of the furrow 
was 20 cm from edge, 2 rows 
of baby corn was sown on 
beds at 40 cm ×15 cm.  

                                                                               20 cm                                           
15cm 

60 cm 20cm 

20cm 

Figure 2.  Description of land preparation.
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lyzed by the Kjeldahl, ammonium vanadomolybdate absorptiometric analysis, and flame photometry methods, 
 respectively43. The micronutrients (Fe, Mn, Zn, and Cu) content were determined by using an atomic absorption 
 spectrophotometer43.

Soil sampling and processing. After completion of five cropping cycles, soil samples were collected using 
10 cm scaled-soil cores with 5.4 cm inner diameter from 0 to 20 soil depth from each plot. Soil samples were 
collected randomly from four places in each plot and then blended for a representative composite soil sample. 
Soil bulk density (ρb) was determined by the core  method44 after oven drying at 105 ± 1 °C. The collected bulk 
soil samples were air-dried at room temperature (25 °C); the clods were broken manually and sieved with 2 mm 
sieve. The processed soil samples were stored in airtight plastic bags for analysis of SOC, pH, available N, P, and 
K. Part of representative fresh soil samples from each plot and were stored at freezing temperatures for analyzing 
the MBC, DHA, FDA, and acid phosphatase activities.

Soil biochemical analysis. The soil MBC was determined by the chloroform fumigation-extraction 
 method45 and expressed in µg MBC  g−1 soil. The DHA was estimated by reducing 2, 3, 5-triphenyl tetrazo-
lium chloride (TTC)46 and expressed in terms of mg formazan  g−1 dry soil  hr−1. The FDA was estimated as per 
the method suggested by Green et al.47. Acid phosphatase activity was  estimated48 and expressed as a mole of 
p-nitrophenol released  g−1 dry soil  h−1. Available-N (Alkaline  KMnO4 method), available-P (Bray’s  P1, 0.03 N 
 NH4F in 0.025 N HCl, pH 4.65), available-K (1 N  NH4OAc extractable K, pH 7.0) and soil pH (soil and water 
ratio 1:2.5) were estimated by the procedure outlined by Prasad et al.41.

Computation of soil carbon pool and estimation of carbon sequestration. The concentration of 
SOC was analyzed by the wet oxidation  method49. The SOC value was assumed to be equal to total soil C with 
negligible inorganic C concentration as the pH of the soil was < 7.050. The SOC pool (Mg  ha−1) at 0–20 cm depth 
was calculated by using the following equation:

The accumulation of SOC was computed with the following equation:

The sequestration of the SOC was computed as per the following equation:

Economic analysis. The benefit–cost analysis was performed to test the economic feasibility of different 
land configurations and organic nutrient management practices for baby corn production. The cost of baby corn 
production was calculated based on different inputs used and crop management practices followed like tilling, 
seed, manuring, labor employed, sowing, intercultural operations, weed management, and harvesting. The gross 
return (GR) was the market value of the main (baby corn) and by-products (green fodder). The net return (NR) 
and benefit to cost ratio (B:C ratio) were calculated by the following expressions.

Statistical analysis. The general linear model (SAS Institute, Cary, NC) procedure was used to compute 
the ANOVA for split-plot design to determine the statistical significance between the various land configura-
tions and organic nutrient management practices. A comparison between treatment means was done as per the 
procedure of Gomez and  Gomez51.

Results
Growth and yield attributing parameters of baby corn. Land configurations had a significant 
effect on growth (plant height, LAI, and dry matter accumulation  plant−1 at harvest) and on yield attributing 
parameters (cob length, girth, and weight of individual cob) of baby corn (Table 3). Among the land configura-
tions, baby corn on BBF produced the tallest plant (149.25 cm), having the maximum LAI (3.5), DMA (64.33 g 
 plant−1), cob length (8.10 cm), girth (6.13 cm) and weight (8.14 g). Plants under BBF had 20.3, 12.5, 30.8, and 
38.2% higher plant height, LAI, DMA, and cob weight than that under FB, respectively.

Not only land configurations but organic nutrient management practices also significantly affected growth 
and yield attributing characteristics of baby corn (Table 3). All the organic manurial treatments gave significantly 
higher plant height, LAI, DMA, baby cob length, girth, and weight than control. Among the nutrient manage-
ment practices, conjoint application of FYM 6 t ha−1 + VC 2 t ha−1 produced significantly taller baby corn plants 
(147.67 cm), higher DMA (66.44 g  plant−1), cob length (7.72 cm), cob girth (5.61 cm) and weight (7.64 g) than 

SOC or C fraction pool (t ha−1) =
SOC Concentration %

100
×

Depth (cm)

100
×

ρbMg

m3
×

Area(10, 000 m2)

ha

SOC accumulation (t ha−1) = Final SOC pool (t ha−1)− Initial SOC pool (t ha−1)

SOC sequestration (t ha−1 year−1) =
Final SOC pool (t ha−1)− Initial SOC pool (t ha−1)

Period of the study (Years)

NR (US$ ha−1) = Gross return (US$ ha−1)− Cost of cultivation (US$ ha−1)

B : C ratio = Gross return (US$ ha−1)/Cost of cultivation (US$ ha−1)
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control. However, the LAI did not vary significantly between the conjoint application of FYM 6 t ha−1 + VC 
2 t ha−1 and sole application of VC 4 t ha−1.

Productivity and profitability. The average productivity and profitability of baby corn significantly var-
ied with alteration in land configuration (Table 4). The RF and BBF method of sowing had 10.3% and 39.0% 
higher fresh baby corn yield over the FB (1.36 t ha−1), respectively. Substantial improvement in the green fod-
der productivity of baby corn was also noticed due to land configuration. Both the land configurations i.e., RF 
(21.67 t ha−1) and BBF (22.18 t ha−1) produced a significantly higher fresh fodder yield of baby corn over the 
FB (18.64 t ha−1). However, the BBF recorded the maximum enhancement (19.0%) in fresh fodder yield over 
FB. Baby corn grown on BBF gave the highest gross return (US$1646.5 ha−1), net return (US$ 906.1 ha−1), and 
B:C ratio (2.21) followed by RF and the lowest net return (US$ 567.6 ha−1) was obtained under FB (Table 4). 
The BBF sowing generated 35.0, 59.6, and 20.1% higher gross return, the net return, and B:C ratio over the FB, 
respectively.

Among the organic nutrient management practices, the combined application of FYM 6 t ha−1 + VC 2 t ha−1 
produced the highest fresh cobs yield (1.96 t ha−1) and fodder yield (26.0 t ha−1). However, this was statistically 

Table 3.  Effect of land configuration and organic nutrient management practices on growth and yield 
contributing characteristics of baby corn (Five years avg.). FB flatbed, RF ridge and furrow, BBF broad bed and 
furrow, FYM farmyard manure, VC vermicompost, DMA dry matter accumulation, SEm± standard error of 
mean, LSD least significant difference.

Treatments Plant height (cm) Leaf area index DMA (g  plant−1)
Baby corn length 
(cm)

Baby corn girth 
(cm)

Baby corn 
weight (g)

Land configuration

FB 124.08 3.11 49.17 5.78 4.08 5.89

RF 137.33 3.19 59.00 6.98 5.09 7.16

BBF 149.25 3.50 64.33 8.10 6.13 8.14

SEm ± 0.62 0.013 0.37 0.05 0.05 0.05

LSD (p = 0.05) 1.83 0.038 1.10 0.16 0.15 0.14

Organic nutrient management practices

Un-amended 
control 127.44 3.14 50.11 6.31 4.50 6.45

FYM 12 t ha−1 132.67 3.24 54.22 6.63 4.95 6.78

VC 4 t ha−1 139.78 3.29 59.22 7.13 5.34 7.40

FYM 6 t ha−1 + VC 
2 t ha−1 147.67 3.39 66.44 7.72 5.61 7.64

SEm ± 0.72 0.015 0.43 0.06 0.06 0.05

LSD (p = 0.05) 2.11 0.044 1.27 0.18 0.17 0.16

Table 4.  Effect of land configuration and organic nutrient management practices on productivity and 
economics of baby corn (Five years avg.). FB flatbed, RF ridge and furrow, BBF broad bed and furrow, FYM 
farmyard manure, VC vermicompost, B:C ratio benefit to cost ratio, SEm± standard error of mean, LSD least 
significant difference.

Treatments
Fresh baby corn yield 
(t  ha−1) Fodder yield (t  ha−1)

Gross returns (US$ 
 ha−1) Net returns (US$  ha−1) B:C ratio

Land configuration

FB 1.36 18.64 1219.7 567.6 1.84

RF 1.50 21.67 1359.0 647.8 1.90

BBF 1.89 22.18 1646.5 906.1 2.21

SEm ± 0.018 0.33 14.3 13.7 0.021

LSD (p = 0.05) 0.052 0.97 42.0 40.1 0.062

Organic nutrients management practice

Un-amended control 0.90 13.02 819.2 369.4 1.81

FYM12 t ha−1 1.56 18.74 1360.3 699.2 2.05

VC 4 t ha−1 1.91 25.56 1707.4 824.3 1.93

FYM 6 t ha−1 + VC 
2 t ha−1 1.96 26.00 1746.9 935.8 2.15

SEm ± 0.021 0.38 16.5 15.8 0.024

LSD (p = 0.05) 0.061 1.12 48.5 46.3 0.072
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comparable with the sole application of VC 4 t ha−1 but remained significantly superior to FYM 12 t ha−1 and 
un-amended control. It was noted that the crop receiving FYM 6 t ha−1 + VC 2 t ha−1 produced 117.8 and 99.7% 
higher fresh baby corn and fodder yield, respectively over the plots that did not receive any fertility treatment 
(control). Application of FYM 6 t ha−1 + VC 2 t ha−1 registered significantly higher gross (US$ 1746.9 ha−1) and net 
income (US$ 935.8 ha−1) over all the organic nutrient management practices, except VC 4 t ha−1 which produced 
a statistically similar gross return. Regarding the B:C ratio, plots receiving FYM 6 t ha−1 + VC 2 t ha−1 registered 
significantly higher B:C ratio (2.15) followed by FYM 12 t ha−1. The combined application of FYM 6 t ha−1 + VC 
2 t ha−1 recorded 18.8% higher B:C ratio over control.

Quality. The quality of baby corn cobs was assessed for P, K, Fe, Zn, protein, and ascorbic acid content. 
Among the land configurations, baby corn cobs produced under BBF treatment had the maximum amount of 
P (0.64%), K (2.78%), Fe (62.07 ppm), Zn (81.72 ppm), protein (21.63%) and ascorbic acid (93.27 mg 100 g−1) 
followed by the RF. However, cobs produced under FB had the lowest content of P, K, Fe, Zn, protein, and ascor-
bic acid (Table 5). But, Fe, Zn, and ascorbic acid content in cobs were statistically comparable among the land 
configurations. The concentration of different minerals (P, K, Fe, and Zn), protein, and ascorbic acid in baby 
corn cobs was also significantly influenced by various organic nutrient management practices (Table 5). Baby 
corn cobs produced with organic manures (FYM, VC alone, or in combination) had significantly higher miner-
als, protein, and ascorbic acid concentration than control. Application of VC 4 t ha−1 registered the highest P, K, 
Fe, and Zn concentration in cobs of baby corn, which was statistically at par with combined application of FYM 
6 t ha−1 + VC 2 t ha−1. Conversely, the application of FYM 6 t ha−1 + VC 2 t ha−1 registered a significantly higher 
protein and ascorbic acid content in baby corn cobs. However, the maximum enhancement in protein (35.6%) 
and ascorbic acid (22.7%) contents in cobs of baby corn over control were recorded under FYM 6 t ha−1 + VC 
2 t ha−1.

Soil properties. After five cropping cycles, soil pH, ρb, soil organic carbon (SOC) pools, and carbon seques-
tration rate did not vary significantly among the various land configurations (Table 6). However, the BBF treat-
ment recorded the highest SOC (1.47%), SOC pool (39.4 t ha−1), and carbon sequestration rate (0.54 t year−1 ha−1) 
followed by the RF. Thus, the organic nutrient management practices significantly influenced the soil pH, SOC, 
SOC pool, and carbon sequestration rate over control (Table 6). Among the organic nutrient management prac-
tices, the application of FYM 12 t ha−1 had maximum SOC (1.52%), SOC pool (40.6 t ha−1), and carbon seques-
tration (0.74 t  year−1 ha−1) followed by the conjoint application of FYM 6 t ha−1 + VC 2 t ha−1. However, after five 
cropping cycles, the application of VC 4 t ha−1 had the maximum increments in soil pH (6.23) over the initial 
value (6.15). With regards to ρb, all the organic nutrient management practices slightly reduced the soil ρb (1.33–
1.35 Mg m−3) compared to the initial value (1.37 Mg m−3). However, the application of FYM 12 t ha−1 recorded 
the lowest ρb (1.33) but it remained at par with VC 4 t ha−1 and FYM 6 t ha−1 + VC 2 t ha−1.

The available N, P, and K in the soil after five cropping cycles moderately improved over the antecedent status. 
The soil under BBF had the highest available N (386 kg ha−1), P (19.0 kg ha−1), and K (408.7 kg ha−1) followed 
by RF. The soil under BBF treatment had 6.7, 16.6, and 1.9% higher N, P, and K over FB, respectively (Table 7). 
Among the organic nutrient management practices, the application of FYM 6 t ha−1 + VC 2 t ha−1 had the maxi-
mum soil available N (390 kg ha−1). However, it remained statistically at par with VC 4 t ha−1 (382.6 kg ha−1) 
but significantly superior over the rest of the nutrient management practices (Table 6). The maximum available 
P (19.7 kg ha−1) and K (428.5 kg ha−1) were observed under VC 4 t ha−1 followed by FYM 6 t ha−1 + VC 2 t ha−1. 
Nevertheless, soil available P and K were not significantly different between these two treatments.

Table 5.  Effect of land configuration and organic nutrient management practices on quality of baby corn 
(Five years avg.). FB flatbed, RF ridge and furrow, BBF broad bed and furrow, FYM farmyard manure, 
VC vermicompost, P phosphorus, K potassium, Fe iron, Zn zinc, SEm± standard error of mean, LSD least 
significant difference.

Treatments P (%) K (%) Fe (ppm) Zn (ppm) Protein content (%) Ascorbic acid (mg 100 g−1)

Land configuration

FB 0.58 2.69 60.17 79.30 18.52 91.98

RF 0.63 2.74 61.72 79.42 19.69 92.27

BBF 0.64 2.78 62.07 81.72 21.63 93.27

SEm ± 0.005 0.02 0.77 0.65 0.26 0.79

LSD (p = 0.05) 0.015 0.07 NS NS 0.77 NS

Organic nutrient management practices

Un-amended control 0.52 2.54 54.25 71.91 16.89 82.82

FYM 12 t ha−1 0.61 2.73 61.53 79.11 19.06 87.16

VC 4 t ha−1 0.68 2.86 65.14 85.04 20.90 98.41

FYM 6 t ha−1 + VC 2 t ha−1 0.66 2.81 64.37 84.51 22.91 101.64

SEm ± 0.006 0.03 0.89 0.75 0.30 0.92

LSD (p = 0.05) 0.018 0.08 2.61 2.20 0.89 2.60
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Land configurations significantly influenced the soil MBC, DHA, FDA, and acid phosphatase activities. The 
BBF treatment had the highest soil MBC (374.5 µg MBC  g−1 soil), DHA (21.5 µg  TPFg−1 soil  h−1), FDA (62.3 µg 
FDA  g−1 soil  h−1) and acid phosphatase (3.32 µg p-nitrophenol  g−1 soil  h−1) followed by the RF (Table 6). However, 
FB had the lowest soil MBC, DHA, FDA, and acid phosphatase activities. The BBF had 6.3, 25.7, 20.0, and 29.7% 
higher soil MBC, DHA, FDA, and acid phosphatase over FB, respectively. Among the organic nutrient manage-
ment practices, the application of FYM 6 t ha−1 + VC 2 t ha−1 registered the highest soil MBC (377.4 µg MBC  g−1 
soil) but it remained statistically at par with FYM 12 t ha−1 (Table 6). With regards to the soil enzymatic reactions, 
the maximum DHA (22.1 µg  TPFg−1 soil  h−1) and FDA (67.1 µg FDA  g−1 soil  h−1) activities were noticed in soil 
under FYM 6 t ha−1 + VC 2 t ha−1 followed by VC 4 t ha−1. However, maximum acid phosphatase activities were 
observed in soil under VC 4 t ha−1. The un-amended control plot had the lowest soil MBC and soil enzymatic 
activities. The DHA and the FDA had a significant positive correlation with soil pH, SOC, available-P, and soil 
MBC (Table 8). Conversely, the correlation of acid phosphatase with pH and SOC, and that of SMBC with SOC 
was not significant (Table 8).

Table 6.  Effect of land configuration and organic nutrient management practices on soil health after five 
cropping cycles. FB flatbed, RF ridge and furrow, BBF broad bed and furrow, FYM farmyard manure, VC 
vermicompost, SEm± standard error of mean, LSD least significant difference.

Treatment pH Soil organic carbon (%) Bulk density (Mg  m−3)
Organic carbon stock 
(t  ha−1)

Carbon sequestration 
(t  year−1 ha−1)

Land configuration

FB 6.18 1.44 1.35 38.9 0.43

RF 6.22 1.46 1.34 39.1 0.48

BBF 6.24 1.47 1.34 39.4 0.54

SEm ± 0.01 0.010 0.02 0.29 0.08

LSD (p = 0.05) NS NS NS NS NS

Organic nutrient management practices

Un-amended control 6.16 1.37 1.36 37.2 0.11

FYM 12 t ha−1 6.20 1.52 1.33 40.6 0.74

VC 4 t ha−1 6.26 1.45 1.35 39.1 0.49

FYM 6 t ha−1 + VC 
2 t ha−1 6.23 1.48 1.34 39.8 0.59

SEm ± 0.010 0.011 0.003 0.31 0.05

LSD (p = 0.05) 0.028 0.032 0.009 0.89 0.15

Table 7.  Effect of land configurations and organic nutrients management practices on soil health after five 
cropping cycles. FB flatbed, RF ridge and furrow, BBF broad bed and furrow, FYM farmyard manure, VC 
vermicompost, SMBC soil microbial biomass carbon, DHA dehydrogenase activity, FDA fluorescein diacetate 
activity, SEm± standard error of mean, LSD least significant difference.

Treatments
Available nitrogen 
(kg  ha−1)

Available 
phosphorus (kg 
 ha−1)

Available potassium 
(kg  ha−1) SMBC (µg  g−1 soil)

DHA (µg  TPFg−1 
soil  h−1)

FDA (µg FDA  g−1 
soil  h−1)

Acid phosphatase 
(µg p-nitrophenol 
 g−1 soil  h−1)

Land configuration

FB 361.6 16.3 401.1 352.3 17.1 51.9 2.56

RF 374.1 18.5 402.4 364.2 19.8 59.8 3.17

BBF 386.0 19.0 408.7 374.5 21.5 62.3 3.32

SEm ± 2.72 0.27 2.77 1.73 0.23 0.52 0.08

LSD (p = 0.05) 7.98 0.78 NS 5.08 0.69 1.51 0.22

Organic nutrient management practices

Un-amended control 346.7 15.4 374.3 330.3 15.3 44.9 2.65

FYM 12 t ha−1 376.4 17.8 397.8 375.8 20.3 56.0 3.09

VC 4 t ha−1 382.6 19.7 428.5 371.2 20.2 63.9 3.19

FYM 6 t ha−1 + VC 
2 t ha−1 390.0 18.9 424.6 377.4 22.1 67.1 3.13

SEm ± 3.14 0.31 3.20 2.00 0.27 0.60 0.09

LSD (p = 0.05) 9.21 0.90 9.40 5.87 0.79 1.75 0.26
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Discussion
Globally, the Eastern Himalayan region of India is known for its high and intense rainfall (> 250 cm annually)52. 
Hence, excess water stress, soil, and nutrient’s losses are the prime challenges for efficient crop production espe-
cially during the pre-monsoon and monsoon periods (March to September). Baby corn, a short duration crop, 
is grown during Kharif /rainy season in the Eastern Himalayan ecosystem, often encounters high and intense 
rainfall. Hence, safe disposal of accumulated rainwater is a pre-requisite for the successful cultivation of baby 
corn. It has been well documented that the construction of permanent beds alters the soil topography and sub-
stantially reduces the free movement of  water53. Land configurations like RF and BBF on hilly terrains across the 
slope facilitate the safe drainage of excess rainwater and reduce the soil and nutrient  losses54,55.

In the present study, the poor performance of baby corn under the FB was mainly due to water stagnation 
during the period of active crop growth and development stages which might have retarded the root growth, 
leaf expansion; dry matter accumulation and photosynthesis rate owing to inadequate oxygen supply in the root 
 zone56,57. Furthermore, the crop under the FB system was prone to lodging during heavy rainfall coupled with 
the intense wind. This might be due to shallow root systems under FB since in saturated soil the roots are con-
fined in the  topsoils30. Contrary to FB planting, the BBF and RF systems facilitate safe disposal of rainwater, 
provide good soil aeration, better nutrient availability to baby corn plants leading to the higher LAI, dry matter 
accumulation, yield attributing parameters, and  yield54,55. Perhaps, the baby corn grown under the RF and BBF 
might have a deeper root  system58 which could tolerate powerful winds during rainy seasons leading to bet-
ter crop yield over the FB system. Better plant growth and dry matter accumulation under raised bed sowing 
over flat sowing were also observed in other parts of the  world59,60. In the present study, RF and BBF systems 
recorded significantly higher marketable baby corn cobs and green fodder yield over the FB. The BBF recorded 
39.0% higher baby corn yield and 19.0% higher green fodder yield over the FB. A 30–50% higher cereal yield 
with BBF planting system over the FB in high rainfall areas has been  reported61 previously also. In the present 
study, beds of 60 cm width and ~ 15 cm height were made under BBF which allowed effective drainage of water 
from the plant’s root zone and reduced the probability of water-logging and soil compaction by improving the 
infiltration and rhizospheric  aeration62 and nutrient availability to  plants57,63, which ultimately led to better plant 

Table 8.  Pearson correlation analysis among the enzymatic activities viz., DHA, FDA, and acid phosphatase 
with soil pH, SOC, available-P, and SMBC. SOC soil organic carbon, AP available phosphorus, SMBC soil 
microbial biomass carbon, DHA dehydrogenase activity, FDA fluorescein diacetate, APs acid phosphatase 
activities. **Correlation is significant at 0.01 level (2-tailed). *Correlation is significant at 0.05 level (2-tailed).

SOC AP pH SMBC DHA FAD APs

SOC

Pearson correlation 1

Sig. (2-tailed)

N 36

AP

Pearson correlation 0.495** 1

Sig. (2-tailed) 0.002

N 36 36

pH

Pearson correlation 0.361* 0.670** 1

Sig. (2-tailed) 0.031 0.000

N 36 36 36

SMBC

Pearson correlation 0.247 0.570** 0.347* 1

Sig. (2-tailed) 0.146 0.000 0.038

N 36 36 36 36

DHA

Pearson correlation 0.350* 0.715** 0.418* 0.815** 1

Sig. (2-tailed) 0.037 0.000 0.011 0.000

N 36 36 36 36 36

FAD

Pearson correlation 0.549** 0.732** 0.543** 0.731** 0.878** 1

Sig. (2-tailed) 0.001 0.000 0.001 0.000 0.000

N 36 36 36 36 36 36

APs

Pearson correlation 0.020 0.643** 0.247 0.565** .738** 0.529** 1

Sig. (2-tailed) 0.910 0.000 0.146 0.000 0.000 0.001

N 36 36 36 36 36 36 36
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growth and yield. Additionally, BBF sowing might have improved the solar radiation interception by crop canopy, 
thereby reducing the biotic  stresses64 and increased baby corn cob yield. Several researchers previously reported 
a higher yield of crops under raised bed sowing over FB in high rainfall  areas33,65,66. The economic assessment is 
an important indicator to test the feasibility of any technology. In the present study, the cultivation of baby corn 
under the BBF system gave significantly higher net return and a B:C ratio over FB sowing. This is ascribed to 
higher baby corn and fodder yield in the BBF system than others. Higher economic return from crops grown on 
raised beds in high rainfall areas over FB sowing was also reported by other  researchers54,67.

Baby corn produced under the BBF and the RF system had higher mineral concentration, protein, and 
ascorbic acid content as compared to the FB. Both the BBF and the RF facilitate drainage of excess rainwater; 
reduce water-logging and promote root growth and development which enhances the crop nutrient  uptake30,54. 
The lowest concentration of minerals namely P, K, Fe and Zn, protein and ascorbic acid in baby corn produced 
under FB was attributed to water stagnation which might have reduced the photosynthetic  rate68, root hydraulic 
conductivity, nutrient absorption and translocation of  photoassimilates69 and was perhaps responsible for the 
poor quality of cobs.

The soil pH, SOC, and ρb were not significantly affected by the land configuration; however, the BBF system 
registered a 20.4% higher carbon sequestration rate over the FB. This can be attributed to better root growth and 
biomass production with a higher quantity of carbon residues that remained in soil after harvesting than others. 
The BBF improves soil structure and aeration which promotes overall biomass  production30. Contrary to BBF, 
the non-stable structure of the soils under the FB developed surface crust that increased soil compaction and 
reduced root growth thereby leading to poor biomass production. Land configurations significantly influenced 
the soil available N and P but failed to affect available K in the soil. This may be because the BBF system improves 
the soil structure and aeration which enhances nutrient mineralization and transformation. The soil MBC, DHA, 
FDA, and acid phosphates activities also substantially improved in soils under BBF after five cropping cycles. BBF 
reduced the soil ρb, improved infiltration, and soil pH which helped in improvement in MBC and soil enzymatic 
activities under high rainfall  areas70.

The organic nutrient management practices greatly influenced the growth, productivity, profitability, and 
quality of baby corn cobs. The combined application of FYM and VC had a significant role in maximizing the 
growth and yield parameters. The combined application of FYM and VC ensured the regular supply of nutrients 
to the plants particularly N and P which may improve protein synthesis and photosynthesis leading to better 
plant growth and development than the sole application of either one. The enhancement of plant growth due 
to the combined application of the FYM and the VC may not only be nutritional but also due to the content of 
active plant growth-promoting  ingredients71. It may also be attributed to a balanced supply of nutrients from 
the combined use of FYM and VC. The combined use of FYM and VC possibly synchronized the demand and 
supply of nutrients to the baby corn. The combined use of FYM (a wider C: N: P ratio manure) and VC (a nar-
row C: N: P ratio manure) might have increased the mineralization of native N and mobilization/solubilization 
of occluded soil P, and also release of growth regulators from  VC72. Better baby corn growth due to combined 
use of FYM and VC can be correlated with the effect of VC, which is a rich source of available  nutrients73 and 
improvement in soil physico-chemical and biological properties. Hence, the integrated use of FYM and VC has 
proved as potential organic inputs for yield sustenance of baby corn. Integrated use of FYM + VC gave 2.6% and 
25.6% higher baby corn yield over sole application of VC and FYM, respectively. Similarly, the integrated use 
of FYM + VC was more economical over its sole application. In this study combined use of FYM + VC recorded 
13.5% and 33.8% higher net return over VC and FYM-alone, respectively. This may be attributed to the favorable 
effects of FYM and VC on soil physico-chemical and biological  properties74 which augment the economic yield. 
Numerous studies advocated that the nutrients supplying power of organic manure is mainly due to stabilized 
organic matter content and nutritive elements contained  therein75,76.

Higher concentrations of minerals in baby corn were directly correlated with the higher concentrations of 
minerals in manures applied and the  soil76. Baby corn produced under the VC plots had a higher concentration 
of P, K, Fe, and Zn but it was statistically comparable with plots receiving the combined application of FYM and 
VC. Humic substances present in the VC and the FYM have been reported to steadily increase the bioavailability 
of macro- and micro-nutrients and increase the Zn and Fe content in plant  tissues77. In this study, the combined 
application of FYM and VC registered 9.6–20.2% more protein and 3.3–16.6% higher ascorbic acid over the sole 
application of VC and FYM, respectively, probably due to the better availability of macro and micronutrients to 
the baby corn plants. The high protein and ascorbic acid content in baby corn under FYM and VC treated plots 
could also be due to a balanced and consistent supply of nutrition, especially N.

Soil pH and SOC content increased significantly in the plots that received VC or FYM either alone or in 
combination. In general the application of FYM, 12 t ha−1 caused maximum improvement in SOC and C seques-
tration over other manurial treatments. However, at a given level, the increase in SOC content was more with the 
combined application of FYM and VC as compared to the sole application of VC. The increase in SOC content 
may be attributed to the addition of more organic materials through organic manure. Conversely, the maximum 
improvement in soil pH was noticed under the application of VC. This was due to the slightly higher pH of VC 
as compared to FYM. Organic manures had low ρb and high porosity hence, the incorporation of FYM and VC 
either alone or in combination reduced the soil ρb. Continuous and long term application of FYM along with 
VC resulted in a 2.2% lower ρb than control. Long term addition of organic manures substantially reduces the 
soil ρb due to buildup of soil organic matter (SOM)78,79. Carbon sequestration in soil is mainly governed by the 
addition of carbon input and carbon stabilization in soil. The combined use of FYM and VC added more stable 
carbon in the soil, hence, it was found more effective in improving the SOC pool and carbon sequestration rate 
over VC alone. The beneficial effect of the VC and the FYM on available N, P and K status may be ascribed to 
the direct addition of these nutrients in an active soil pool. Improvement in the soil available N, P, and K due 
to conjoint use of organics is also documented under diverse climatic  conditions80–82. Microbial biomass plays 
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a vital role in regulating the carbon and N transformation in the soil and the amount of microbial biomass is 
strongly affected by soil and crop management practices. An improvement in the soil’s physical properties and 
C, N, P, and K status and soil microbial biomass due to the addition of organic manure has been reported by 
several other  researchers83–85. The addition of organic inputs increases soil MBC and enzymatic  activity86. Higher 
soil MBC is an indicator of intensive microbial activities and thus, more putrefaction of  SOM87. Enhancement 
in soil enzymatic activities is perhaps a united effect of an increase in microbial biomass and a high degree of 
enzyme stabilization with humic  compounds88. Positive effects of long term application of organic manures on 
soil MBC and soil enzymes were also previously  reported52. The application of organic manures enhances soil 
enzymatic activities by increasing SOM and microbial  biomass88,89. Our results suggest that the alternation in 
soil enzymatic activities was regulated by types of organic manure. In our experiment, enzymatic activities viz., 
DHA, FDA, and acid phosphatase were positively correlated with soil pH, SOC, available-P, and SMBC. The 
significant correlation between soil pH and soil enzyme activities (DHA and FDA) indicated that soil pH could 
affect the soil enzymatic activities under acidic soils.

Conclusions
The study proved the hypothesis that broad bed and furrow (BBF) sowing and conjoint application of FYM and 
VC increased yield and quality of organic baby corn and soil health in the Eastern Himalayan region of India. 
Data obtained from the present study highlighted the importance of land configuration and integrated organic 
nutrient management in profitable organic baby corn cultivation in high rainfall hilly areas. Thus, the cultivation 
of baby corn on BBF produced higher baby corn yield, fodder yield, gross and net return than others. A consid-
erable improvement in the quality of baby corn and soil health was noticed under the BBF whilst compared to 
that of the FB system. Among the organic nutrient management practices, integrated use of the FYM and the VC 
was found beneficial in terms of improving growth, productivity, profitability, and quality of baby corn besides 
soil health. Hence, the cultivation of baby corn on BBF coupled with the integrated application of FYM 6 t ha−1 
and VC 2 t ha−1 may be a viable option for quality production of organic baby corn in the Eastern Himalayas or 
other similar eco-regions of the world having high and intense rainfall.

Received: 11 March 2020; Accepted: 7 September 2020

References
 1. Willer, H. & Kilcher, L. The World of Organic Agriculture: Statistics and Emerging Trends (International Federation of Organic 

Agriculture Movements (IFOAM), Research Institute of Organic Agriculture, Bonn, Frick, 2011).
 2. Yadav, S. K. et al. A review of organic farming for sustainable agriculture in Northern India. Int. J. Agron. 2013, 718145 (2013).
 3. Das, A. et al. Impact of seven years of organic farming on soil and produce quality and crop yields in the eastern Himalayas, India. 

Agric. Ecosyst. Environ. 236, 142–153 (2017).
 4. Kumar, K. A. et al. Split application of organic nutrient improved productivity, nutritional quality and economics of rice-chickpea 

cropping system in lateritic soil. Field Crops Res. 223, 125–136 (2018).
 5. Boone, L. et al. Environmental sustainability of conventional and organic farming: Accounting for ecosystem services in life cycle 

assessment. Sci. Total Environ. 695, 133841 (2019).
 6. Abdelrahman, H. et al. Changes in labile fractions of soil organic matter during the conversion to organic farming. J. Soil Sci. Plant 

Nutr. https ://doi.org/10.1007/s4272 9-020-00189 -y (2020).
 7. Seufert, V. et al. Comparing the yields of organic and conventional agriculture. Nature 485, 229–232 (2012).
 8. Schrama, M. et al. Crop yield gap and stability in organic and conventional farming systems. Agric. Ecosyst. Environ. 256, 123–130 

(2018).
 9. Patel, D. et al. Continuous application of organic amendments enhances soil health, produce quality and system productivity of 

vegetable-based cropping systems in subtropical eastern Himalayas. Exp. Agric. 51, 85–106 (2015).
 10. Tsiafouli, M. A. et al. Intensive agriculture reduces soil biodiversity across Europe. Global Change Biol. 21, 973–985 (2014).
 11. Lorenz, K. & Lal, R. Environmental impact of organic agriculture. Adv. Agron. 139, 99–152 (2016).
 12. Robertson, G. P. et al. Farming for ecosystem services: an ecological approach to production agriculture. Bioscience 2004, 61–65 

(2014).
 13. Reganold, J. P. J. & Wachter, M. Organic agriculture in the twenty-first century. Nat. Plants 2, 2016 (2016).
 14. Kremen, C. & Miles, A. Ecosystem services in biologically diversified versus conventional farming systems. Ecol. Soc. 17(4), 40 

(2012).
 15. Meier, S. M. et al. Environmental impacts of organic and conventional agricultural products—are the differences captured by life 

cycle assessment?. J. Environ. Manag. 149, 193–208 (2015).
 16. Pradeepkumar, T. et al. Effect of organic and inorganic nutrient sources on the yield of selected tropical vegetables. Sci. Hortic. 

224, 84–92 (2017).
 17. Gopinath, K. A. et al. Influence of organic amendments on growth, yield and quality of wheat and on soil properties during transi-

tion to organic production. Nutr. Cycl. Agroecosyst. 82, 51–60 (2008).
 18. Wu, L. et al. Carbon budget and greenhouse gas balance during the initial years after rice paddy conversion to vegetable cultivation. 

Sci. Total Environ. 627, 46–56 (2018).
 19. Yadav, S. K. et al. Effect of organic nitrogen sources on yield, nutrient uptake and soil health under rice (Oryza sativa) based crop-

ping sequence. Indian J. Agric. Sci. 83(2), 170–175 (2013).
 20. Pandey, A. K. et al. Effect of rate of nitrogen and time of application on yield and economics of baby corn (Zea mays L.). Indian J. 

Agro 45(2), 338–343 (2000).
 21. Shahi, J. P. & Gayatonde, V. Baby corn. In Genesis and Evolution of Horticultural Crops (ed. Peter, K. V.) 47–65 (Kruger Brentt 

Publishers, Edgware, 2017).
 22. Galinat, W. C. Whole ear baby corn, a new way to eat corn, proceed.  Northeast. Corn Improv. Conf. 40, 22 (1985).
 23. Kulvadee, T. et al. Canned vegetable juice from baby corn 19 (Institute of Food Research and Product Development, Kasetsart 

University, Bangkok, 1988).
 24. Singh, M. K. et al. Effect of integrated nutrient management on growth, yield and yield attributes of baby corn (Zea mays). Veg. 

Sci. 36(1), 77–79 (2009).
 25. Blanco-Canqui, H. et al. Does organic farming accumulate carbon in deeper soil profiles in the long term?. Geoderma 288, 213–221 

(2017).

https://doi.org/10.1007/s42729-020-00189-y


13

Vol.:(0123456789)

Scientific RepoRtS |        (2020) 10:16129  | https://doi.org/10.1038/s41598-020-73072-6

www.nature.com/scientificreports/

 26. Loganathan, V. & Wahab, K. Influence of Panchagavya foliar spray on the growth attributes and yield of baby corn (Zea mays) cv. 
COBC 1. J. Appl. Nat. Sci. 6(2), 397–401 (2014).

 27. Myers, R. J. K. et al. The synchronization of nutrient mineralization and plant nutrient demand. In The Biological Management of 
Tropical Soil Fertility (eds Woomer, P. I. & Swift, M. J.) 81–116 (Wiley, Chichester, 1994).

 28. Stockdale, E. A. et al. Agronomic and environmental implications of organic farming systems. Adv. Agron. 70, 261–327 (2001).
 29. Chiroma, A. M. et al. Yield and water use efficiency of millet as affected by land configuration treatments. J. Sustain. Agric. 32(2), 

321–333 (2008).
 30. Yadav, G. S. et al. Effect of no-till and raised-bed planting on soil moisture conservation and productivity of summer maize (Zea 

mays) in Eastern Himalayas. Agric. Res. 7(3), 300–310 (2018).
 31. Singh, A. K. et al. Effect of land configuration methods and sulfur levels on growth, yield and economics of Indian mustard [Bras-

sica juncea (L.)] under irrigated condition. J. Oilseed Brass. 8(2), 151–157 (2017).
 32. Parihar, C. M. et al. Crop productivity, quality and nutrient uptake of pearl millet (Pennisetum glaucum) and Indian mustard (Bras-

sica juncea) cropping system as influenced by land configuration and direct and residual effect of nutrient management. Indian J. 
Agric. Sci. 79(11), 927–930 (2009).

 33. Singh, G. et al. Effect of resource conserving techniques on soil microbiological activities parameters under long term maize (Zea 
mays)–wheat (Triticum aestivum) crop rotation. Indian J. Agric. Sci. 79, 94–100 (2009).

 34. Tsering, K. et al. Climate Change Vulnerability of Mountain Ecosystems in the Eastern Himalayas (International Center for Integrated 
Mountain Development (ICIMOD), Lalitpur, 2010).

 35. Das, A. et al. Managing nitrogen in small landholder hill farms of North Eastern Indian Himalayas. In Soil Nitrogen Uses and 
Environmental Impacts (eds Lal, R. & Stewart, B. A.) 257 (CRC Press, Boca Raton, 2018).

 36. Singh, R. et al.Baby corn production technology Published by The Joint Director, ICAR Research Complex for NEH Region, Sik-
kim Centre, Tadong, Gangtok, Sikkim. SKM/2014/EF/06, 1–4 (2014).

 37. Shivran, A. et al. Effect of fertility levels and fertilizer: vermicompost proportions on yield content and uptake of nutrients and 
economics of baby corn (Zea mays). J. Eco-friendly Agric. 10(1), 36–38 (2015).

 38. Lone, A. A. et al. Growth, yield and economics of baby corn (Zea mays L.) as influenced by Integrated Nutrient Management 
(INM) practices. Afr. J. Agric. Res. 8(37), 4537–4540 (2013).

 39. Saha, M. & Mondal, S. S. Influence of integrated plant nutrient supply on growth, productivity and quality of baby corn (Zea mays) 
in Indo-Gangetic plains. Indian J. Agron. 51(3), 202–205 (2006).

 40. Sharma, R. C. & Banik, P. Sustaining productivity of baby corn–rice cropping system and soil health through integrated nutrient 
management. Commun. Soil Sci. Plant Anal. 47(1), 1–10 (2016).

 41. Prasad, R. et al. Learning by Doing Exercise in Soil Fertility: A Practical Manual for Soil Fertility (Division of Agronomy, IARI, , 
New Delhi, 2006).

 42. Ranganna, S. Handbook of analysis and quality control for fruit and vegetable products 1st edn. (McGraw-Hill, New Delhi, 1986).
 43. Biswas, D. R. Practical manual on methods of chemical analysis of manures and fertilizers 78 (Indian Agricultural Research Institute, 

New Delhi, 2009).
 44. Blake, G. R. & Hartge, K. H. Bulk density. In Methods of Soil Analysis, Part I: Physical and Mineralogical Methods 2nd edn (ed. 

Klute, A.) (American Society of Agronomy, Madison, 1986).
 45. Vance, E. D. et al. An extraction method for measuring soil microbial biomass C. Soil Biol. Biochem. 19, 703–707 (1987).
 46. Casida, L. E. et al. Soil dehydrogenase activity. Soil Sci. 98, 371–376 (1964).
 47. Green, V. S. et al. Assay for fluorescein diacetate hydrolytic activity: optimization for soil samples. Soil Biol. Biochem. 38, 693–701 

(2006).
 48. Tabatabai, M. A. & Bremner, J. M. Assay of urease activity in soils. Soil Biol. Biochem. 4, 479–487 (1969).
 49. Walkley, A. & Black, I. A. An examination of the Degtjareff method for determining organic carbon in soils: effect of variations in 

digestion conditions and inorganic soil constituents. Soil Sci. 63, 251–263 (1934).
 50. Jagadamma, S. & Lal, R. Distribution of organic carbon in physical fractions of soils as affected by agricultural management. Biol. 

Fert. Soils 46(6), 543–554 (2010).
 51. Gomez, K. A. & Gomez, A. A. Statistical Procedures for Agricultural Research. An International Rice Research Institute Book. A 

Wiley-Inter-Science Publication 2nd edn. (Wiley, New York, 1984).
 52. Das, A. et al. Raised and sunken bed land configuration for crop diversification and crop and water productivity enhancement in 

rice paddies of the northeastern region of India. Paddy Water Environ. 13(4), 571–580 (2016).
 53. Jin, H. et al. Soil loosening on permanent raised-beds in arid northwest China. Soil Till. Res. 97, 172–183 (2007).
 54. Choudhary, V. K. & Kumar, P. S. Weed suppression, nutrient leaching, water use and yield of turmeric (Curcuma longa L.) under 

different land configurations and mulches. J. Clean. Prod. 210, 795–803 (2019).
 55. Das, A. et al. Crop diversification, crop and energy productivity under raised and sunken beds: results from a seven-year study in 

a high rainfall organic production system. Biol. Agric. Hortic. 30(2), 73–87 (2013).
 56. Ren, B. et al. Effects of waterlogging on leaf mesophyll cell ultrastructure and photosynthetic characteristics of summer maize. 

PLoS ONE 11(9), 1–22 (2016).
 57. Masunaga, T. et al. Strategies for increasing micronutrient availability in the soil for plant uptake. In Plant Micronutrient Use 

Efficiency (eds Hossain, M. A. et al.) 195–208 (Academic Press, Cambridge, 2018).
 58. Lampurlanes, J. et al. Root growth, soil water content and yield of barley under different tillage systems on two soils in semiarid 

conditions. Field Crop Res. 69, 27–40 (2001).
 59. Zhang, X. et al. Effects of raised-bed planting for enhanced summer maize yield on rhizosphere soil microbial functional groups 

and enzyme activity in Henan province, China. Field Crops Res. 130, 28–37 (2012).
 60. Manea, M. et al. Performance of baby corn (Zea mays) under different fertility levels and planting methods and its residual effect 

on sorghum (Sorghum bicolor). Indian J. Agron. 60(1), 45–51 (2015).
 61. Collis, C. Raised beds exemplify on-farm adaptation. GRDC Ground Cover TM. https ://grdc.com.au/resou rces-and-publi catio 

ns/groun dcove r/groun d-cover -issue -117-july-augus t-2015/raise d-beds-exemp lify-on-farm-adapt ation  (2015).
 62. Fahong, W. et al. Comparison of conventional, flood irrigated, flat planting with furrow irrigated, raised bed planting for winter 

wheat in China. Field Crops Res. 87(1), 35–42 (2004).
 63. Schmidt, E. & Zemadim, B. Expanding sustainable land management in Ethiopia: scenarios for improved agricultural water 

management in the Blue Nile. Agric. Water Manag. 158, 166–178 (2015).
 64. Alwang, J. et al. Economic and food security benefits associated with raised-bed wheat production in Egypt. Food Sec. 10, 589–601 

(2018).
 65. Kantwa, S. R. et al. Effect of land configuration, post-monsoon irrigation and phosphorus on performance of sole and intercropped 

pigeon pea (Cajanus cajan). Indian J. Agron. 50, 278–280 (2005).
 66. Acuna, T. B. et al. Constraints to achieving a high potential yield of wheat in a temperate, high-rainfall environment in south-

eastern Australia. Crop Pasture Sci. 62, 125–136 (2011).
 67. Dhakad, S. S. et al. Effect of ridge and furrow system on the growth character and yield in rainfed soybean in Madhya Pradesh. 

Indian J. Ecol. 42(1), 230–232 (2015).
 68. Sarkar, R. et al. Physiological basis of submergence tolerance in rice and implications for crop improvement. Curr. Sci. 91, 899–906 

(2006).

https://grdc.com.au/resources-and-publications/groundcover/ground-cover-issue-117-july-august-2015/raised-beds-exemplify-on-farm-adaptation
https://grdc.com.au/resources-and-publications/groundcover/ground-cover-issue-117-july-august-2015/raised-beds-exemplify-on-farm-adaptation


14

Vol:.(1234567890)

Scientific RepoRtS |        (2020) 10:16129  | https://doi.org/10.1038/s41598-020-73072-6

www.nature.com/scientificreports/

 69. Parent, C. et al. An overview of plant responses to soil waterlogging. Plant Stress 2, 20–27 (2008).
 70. Kuotsu, K. et al. Soil health as affected by altered land configuration and conservation tillage in a groundnut (Arachis hypogaea)—

toria (Brassica campestris var toria) cropping system. Indian J. Agric. Sci. 84(2), 241–247 (2014).
 71. Warman, P. R. & Anglopez, M. J. Vermicompost derived from different feedstocks as a plant growth medium. Bioresour. Technol. 

101, 4479–4483 (2010).
 72. Atiyeh, R. M. et al. The influence of earthworm processed pig manure on the growth and productivity of marigolds. Bioresour. 

Technol. 81, 103–108 (2002).
 73. Sangeetha, S. P. et al. Influence of organic manures on yield and quality of rice (Oryza sativa L.) and black gram (Vigna mungo L.) 

in rice-black gram cropping sequence. Am. J. Plant Sci. 4, 1151–1157 (2013).
 74. Anwar, M. et al. Effect of organic manures and inorganic fertilizer on growth, herb and oil yield, nutrient accumulation and oil 

quality of French basil. Commun. Soil Sci. Plant Anal. 36(13–14), 1737–1746 (2005).
 75. Ewulo, B. S. Effect of poultry dung and cattle manure on chemical properties of clay and sandy clay loam soil. J. Anim. Vet. Adv. 

4, 839–841 (2005).
 76. Ghosh, P. K. et al. Comparative effectiveness of cattle manure, poultry manure, phosphocompost and fertilizer—NPK on three 

cropping system in vertisols of semi-arid tropics. I. Crop yields and system in performance. Bioresour. Technol. 95, 77–83 (2004).
 77. Mackowiak, C. et al. Beneficial effects of humic acid on micronutrient availability to wheat. Soil Sci. Soc. Am. J. 65(6), 1744–1750 

(2001).
 78. Guo, Z. et al. Does animal manure application improve soil aggregation? Insights from nine long-term fertilization experiments. 

Sci. Total Environ. 660, 1029–1037 (2019).
 79. Meng, Q. et al. The long-term effects of cattle manure application to agricultural soils as a natural-based solution to combat salini-

zation. CATENA 175, 193–202 (2019).
 80. Sharma, R. P. et al. Productivity, nutrient uptake, soil fertility and economics as affected by chemical fertilizers and farmyard 

manure in broccoli (Brassica oleracea var. Italica) in an Entisol. Indian J. Agric. Sci. 75, 576–579 (2005).
 81. Le, T. H. X. & Marschner, P. Mixing organic amendments with high and low C/N ratio influences nutrient availability and leaching 

in sandy soil. J. Soil Sci. Plant Nutr. 18, 952–964 (2018).
 82. Das, A. et al. Influence of land configuration and organic sources of nutrient supply on productivity and quality of ginger (Zingiber 

officinale Rosc.) grown in Eastern Himalayas, India.  Environ. Sustain. https ://doi.org/10.1007/s4239 8-020-00098 -x (2020).
 83. Tognetti, C. et al. Composting vs. vermicomposting: a comparison of end product quality. Compos. Sci. Util. 13, 6–13 (2005).
 84. Weber, J. et al. Agricultural and ecological aspects of a sandy soil as affected by the application of municipal solid waste composts. 

Soil Biol. Biochem. 39, 1294–1302 (2007).
 85. Bajeli, J. et al. Organic manures a convincing source for quality production of Japanese mint (Mentha arvensis L.). Ind. Crops Prod. 

83, 603–606 (2016).
 86. Kautz, T. et al. Microbial activity in sandy arable soil is governed by the fertilization regime. Eur. J. Soil Biol. 40, 87–94 (2004).
 87. Zhao, Y. et al. The effects of two organic manures on soil properties and crop yields on a temperate calcareous soil under a wheat-

maize cropping system. Eur. J. Agron. 31, 36–42 (2009).
 88. Acosta-Martínez, V. et al. Soil microbial communities and enzyme activities under various poultry litter application rates. J. Environ. 

Qual. 35, 1309–1318 (2006).
 89. Yang, F. et al. Functional soil organic matter fractions, microbial community, and enzyme activities in a mollisol under 35 years 

manure and mineral fertilization. J. Soil Sci. Plant Nutr. 19, 430–439 (2019).
 90. Piper, C. S. Soil and Plant Analysis. Indian edition (Hane Publication, Bombay, 1950).

Acknowledgements
Authors are highly thankful to the Director, Indian Council of Agricultural Research (ICAR) Research Complex 
for North Eastern Hill Region, Umiam, Meghalaya for providing the necessary facilities for conducting this 
research.

Author contributions
S.B.: Data curation; Formal analysis; Writing—original draft; Investigation,R.S.: Conceptualization; Investiga-
tion; Methodology; Supervision; Validation,R.K.A.: Formal analysis; Resources; Software; Writing—review and 
editing,G.S.Y.: Visualization; Writing—review and editing,A.D.: Formal analysis; Visualization; Writing—review 
and editing,V.K.S.: Resources; Software; Writing—review and editing,K.P.M.: Data curation; Resources; Software; 
Writing—review and editing,S.S.R.: Resources; Software; Writing—review and editing,P.C.: Writing—review and 
editing,A.K.: Writing—review and editing.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.B., R.S. or V.K.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

https://doi.org/10.1007/s42398-020-00098-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Impact of land configuration and organic nutrient management on productivity, quality and soil properties under baby corn in Eastern Himalayas
	Materials and methods
	Experimental site. 
	Experimental setup and crop management. 
	Harvesting, growth and yield measurement. 
	Quality analysis. 
	Manure sampling and analysis. 
	Soil sampling and processing. 
	Soil biochemical analysis. 
	Computation of soil carbon pool and estimation of carbon sequestration. 
	Economic analysis. 
	Statistical analysis. 

	Results
	Growth and yield attributing parameters of baby corn. 
	Productivity and profitability. 
	Quality. 
	Soil properties. 

	Discussion
	Conclusions
	References
	Acknowledgements


