
 
                                                                 

 

Supplementary Materials: Table S1 Farm crop selection, ZBNF mulch selection and management history 

 

District Farm Crop 

Selected 

Growing 

Season (d) 

Mulch material used in ZBNF 

treatment 

Soil Texture Approx time land has been 

cultivated (yrs) 

Management before experiment  

Anantapur A1 Groundnut 90-120 Groundnut Husk Sandy Loam Unknown Conventional 

 A2 Groundnut 90-120 Groundnut Husk Sand Unknown Organic 

 A3 

 

Groundnut 

 

90-120 Groundnut Husk Sandy Loam 30 Conventional, then ZBNF (last 2 yrs) 

 

Kadapa Ka1 Tomato 60-90 Sunhemp and Avisa Leaves Sandy Clay Loam 8 Conventional 

 Ka2 Chilli 75-90 Groundnut Husk Sand 6 Conventional 

 Ka3 

 

Groundnut 90-120 Groundnut Husk Loamy Sand 10 Conventional & Organic 

Krishna Kr1 Okra 40-45 Paddy Straw Clay 20 Unknown 

 Kr2 Okra 40-45 Paddy Straw Clay 15 Conventional 

 Kr3 Aubergine 65-80 Paddy Straw Clay 10 Conventional 

 Kr4 

 

Tomato 60-90 Paddy Straw Sand 12 Conventional 

Nellore N1 Okra 40-45 Paddy Straw Sandy Loam 30 Unknown 

 N2 Okra 40-45 Paddy Straw Clay 40 Unknown 

 N3 Groundnut 90-120 Groundnut Husk Sand 27 Unknown, then ZBNF (last 2 yrs) 

 N4 

 

Okra 40-45 Paddy Straw Loamy Sand 35 Conventional, then ZBNF (last 3 yrs) 

Prakasam P1 Cluster Bean 85-95 Chickpea Husk Clay 15 Conventional 

 P2 Cluster Bean 85-95 Groundnut Husk Sandy Loam Unknown Conventional 



 
                                                                 

 

 

  

 P3 Okra 40-45 Groundnut Husk Clay Unknown Conventional 

 P4 

 

Aubergine 65-80 Paddy Straw Sandy Loam Unknown Conventional 

 

Visakhapatnam V1 Radish 45-60 Paddy Straw Sandy Clay Loam 0.33 Conventional 

 V2 Okra 40-45 Paddy Straw Sandy Clay Loam 15 Conventional 



 
                                                                 

 

3 
 

Table S2. Growing protocol for aubergine 

 Aubergine 

 Conventional Organic ZBNF 

Seed Rate 2.34 g/plot 60 cm x 60 cm 

(plant-plant x row-row) 

2.34 g/plot 60 cm x 60 

cm (plant-plant x row-

row) 

2.34 g/plot 60 cm x 60 

cm (plant-plant x row-

row) 

 

Irrigation 7-10 d intervals 7-10 d intervals 7-10 d intervals 

 

Thiaram or Mancozeb seed 

treatment 

3 g/kg seed - - 

 

 

Trichoderma seed treatment - 4 g/ kg seed - 

 

 

Bijamrita seed treatment  - - 3 l/kg seed 

 

Farmyard Manure 54 kg/plot 54 kg/plot - 

 

Urea 0.8 kg/plot split over 3 

doses (30, 60 and 75 d 

after sowing) 

- - 

 

 

 

Diammonium phosphate 

(DAP) 

0.5 kg/plot - - 

 

 

Potash (MOP) 0.36 kg/plot - - 

 

Micronutirents 5 g dissolved in 1 l water/ 

plot applied as a foliar 

spray 

- - 

 

 

 

Solid Jiramrita - - 1.8 kg/plot 

 

Liquid Jiramrita - - 1.8 l/plot every 10 d 

 

Panchagavya or 

Sapthadhanyankura 

tonic 

- - 45 ml/plot during 

flowering stage 
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Vermicompost - 3.6 kg/plot as a top 

dressing 

- 

 

 

Biofertilizers - 18 g/plot each 

Azospirillum and 

Phosphobacteria 

- 

 

 

 

Neem Cake - 18 g/ plot - 

 

Mulching - - Crop residue 5cm thick 

applied to the surface 
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Table S3. Growing protocol for chilli 

 

 Chilli 

 Conventional Organic ZBNF 

Pre-sowing Land preparation 35 g/plot carbofuran 

granules 

0.89 kg Neem cake 0.89 kg Neem cake 

 

 

Seed Rate 3.55 g/plot 60 cm x 60 cm 

(plant-plant x row-row) 

3.55 g/plot 60 cm x 60 

cm (plant-plant x row-

row) 

3.55 g/plot 60 cm x 60 

cm (plant-plant x row-

row) 

 

Irrigation 5-7 d intervals 5-7 d intervals 5-7 d intervals 

 

Imidacloprid seed treatment 8 g/kg seed plus 3 g/kg 

seed Captan/ Thiram/ 

Mancozeb and 150 g/kg 

seed trisodium 

orthophosphate 

- - 

 

 

 

 

 

Trichoderma seed treatment - 4 g/kg seed plus 10 g/kg 

seed Pseudomonas sp. 

- 

 

 

 

Bijamrita seed treatment  - - 200 ml/kg seed 

 

Farmyard Manure 88.95 kg/plot 88.95 kg/plot - 

 

Urea 106 g/plot split over 3 

application (30, 60 and 90 

d after sowing) 

- - 

 

 

 

Diammonium phosphate 

(DAP) 

213 g/plot - - 

 

 

Potash (MOP) 106 g/plot - - 

 

ZnSO4 Foliar spray of 0.5% tree 

time at 40, 50 and 60 d 

after sowing 

- - 
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Solid Jiramrita - - 3.55 kg/plot 

 

Liquid Jiramrita - - 1.77 l/plot every 15 d 

 

Panchagavya or 

Sapthadhanyankura 

tonic 

 

- 45 ml/plot during 

flowering stage 

45 ml/plot during 

flowering stage 

Vermicompost - 17.79 kg/plot - 

 

Biofertilizers - 1-1.25 kg  Azospirillum/ 

Azotobacter 

- 

 

 

 

Mulching - - Crop residue 5cm thick 

applied to the surface 
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Table S4. Growing protocol for growing cluster bean 

 

 Cluster Bean 

 Conventional Organic ZBNF 

Seed Rate 36g/plot 

15 cm x 45 cm 

(plant-plant x row-

row) 

 

36g/plot 

15 cm x 45 cm (plant-

plant x row-row) 

36g/plot 

15 cm x 45 cm 

(plant-plant x row-

row) 

Irrigation Immediately after 

sowing and every 7-

10 d thereafter 

Immediately after 

sowing and every 7-

10 d thereafter 

Immediately after 

sowing and every 7-

10 d thereafter 

 

Carbendazim seed treatment 

 

2 g/kg seed - - 

Trichoderma seed treatment 

 

- 4 g/kg seed - 

Bijamrita seed treatment  

 

- - 3 l/kg seed 

Farmyard Manure 

 

24 kg/plot 24 kg/plot - 

Compost 

 

- 20 kg/plot - 

Urea 2 x 0.8 kg/plot doses 

(basal dose & after 

30 d) 

 

- - 

Diammonium phosphate 

(DAP) 

1.6 kg/ plot - - 

 

 

Potash (MOP) 0.3 kg/ plot - - 

 

Solid Jiramrita - - 4 kg/plot 

 

Liquid Jiramrita - - 4 l/plot every 10 d 

 

Panchagavya - 5% spray - 

 

Sapthadhanyankura 

tonic 

- - 45 ml/ plot 
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Vermicompost - 2.5 kg/plot as top 

dressing 

- 

 

 

Biofertilizers - 7.2 g/plot each 

Azospirillum and 

Phosphobacteria 

- 

 

 

 

Neem Cake - 4 kg/ plot - 

 

Mulching - - Crop residue 5cm 

thick applied to the 

surface 
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Table S5. Growing protocol for groundnut 

 

 Groundnut 

 Conventional Organic ZBNF 

Seed Rate 0.75 kg/plot 10 cm x 30 cm 

(plant-plant x row-row) 

0.75 kg/plot 10 cm x 30 

cm (plant-plant x row-row) 

0.75k g/plot 10 cm x 30 

cm (plant-plant x row-row) 

 

Irrigation 7-10 d intervals 7-10 d intervals 7-10 d intervals 

 

Carbendizm & Imidacloprid 

seed treatment 

Carbendizm -2 g/kg seed  

plus Imidacloprid – 2 ml/ l 

water 

- - 

 

 

 

Trichoderma seed treatment - 4 k/ kg seed - 

 

 

Bijamrita seed treatment  - - 200 ml/ kg seed 

 

Farmyard Manure - 54 kg/plot - 

 

NPK 12:16:20 3 kg/plot - - 

 

Gypsum 165 g/plot - - 

 

ZnSO4 16.5 g/plot - - 

 

FeSO4 300ml/ plot - - 

 

Solid Jiramrita - - 330 g/plot 

 

Liquid Jiramrita - - 330 ml/ plot every 15 d 

 

Panchagavya or 

Sapthadhanyankura 

tonic 

 

- - 45 ml/plot during 

flowering stage 

Vermicompost - 3 kg/plot - 

 

Vermiwash (if available) - 1.8 l/ plot asfoliar spray or 

top dressing 

- 
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Biofertilizers - 18 g/plot each 

Azospirillum and 

Phosphobacteria 

- 

 

 

 

Neem Cake - 0.9 kg/plot - 

 

Mulching - - Crop residue 5cm thick 

applied to the surface 
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Table S6. Growing protocol for okra 

 

 Okra 

 Conventional Organic ZBNF 

Seed Rate 54 g/plot 60 cm x 30 cm 

(plant-plant x row-row) 

54 g/plot 60 cm x 30 cm 

(plant-plant x row-row) 

54 g/plot 60 cm x 30 cm 

(plant-plant x row-row) 

 

Irrigation 7- 10 d intervals 7- 10 d intervals 7- 10 d intervals 

 

Imidachloprid seed treatment 5 g/kg seed - - 

 

Trichoderma seed treatment - 4 g/kg seed - 

 

Bijamrita seed treatment  - - 3 l/ kg seed 

 

Farmyard Manure 54 kg/ plot 54 kg/ plot - 

 

Urea 1 kg/ plot, split over 3 

doses (333 g/ plot: basal, 

after 30 d & after 45 d) 

- - 

 

 

 

 

Diammonium phosphate (DAP) 0.5 kg/ plot - - 

 

 

Potash (MOP) 0.36 kg/plot - - 

 

Micronutrients 5 g to be mixed in 1 l 

water and applied as foliar 

spray 

- - 

 

 

 

Solid Jiramrita - - 1.8 kg/plot 

 

Liquid Jiramrita - - 1.8 l/plot every 10 d 

 

Panchagavya or 

Sapthadhanyankura 

tonic 

- - 45ml/ plot 
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Vermicompost - 3.6 kg/plot as top 

dressing 

- 

 

 

Vermiwash (if available) - 1.8 l/plot as foliar spray 

or top dressing 

- 

 

 

Biofertilizers - 18 g/plot each 

Azospirillum and 

Phosphobacteria 

- 

 

 

 

Neem Cake  0.9 kg/ plot  

 

Mulching - - Crop residue 5cm thick 

applied to the surface 
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Table S7. Growing protocol for radish 

 

 Radish 

 Conventional Organic ZBNF 

Seed Rate 36 g/plot 10 cm x 15 cm 

(plant-plant x row-row) 

36 g/plot 10 cm x 15 cm 

(plant-plant x row-row) 

36 g/plot 10 cm x 15 cm 

(plant-plant x row-row) 

 

Irrigation 7- 10 d intervals 7- 10 d intervals 7- 10 d intervals 

 

Thiaram or Mancozeb seed 

treatment 

3 g/ kg seed - - 

 

 

Trichoderma seed treatment - 4 g/ kg seed - 

 

 

Bijamrita seed treatment  - - 3 l/ kg seed 

 

Farmyard Manure 90 kg/ plot - - 

 

Urea 1 kg/ plot split over 2 

doses (500 g/ plot: basal 

& after 30 d) 

- - 

 

 

 

Diammonium phosphate 

(DAP) 

2 kg/ plot - - 

 

 

Potash (MOP) 1 kg/ plot - - 

 

Solid Jiramrita - - 4.4 kg/ plot 

 

Liquid Jiramrita   4.4 l/plot every 10 d 

 

Panchagavya 

 

- 5% spray - 

 

Sapthadhanyankura 

tonic 

- - 45 ml/plot at flowering 

stage 

 

Vermicompost - 9 kg/plot as top dressing - 
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Biofertilizers - 10 g/plot each 

Azospirillum,Phosphob

acteria and K mobiliser 

- 

 

 

 

Neem Cake - 0.6 kg/plot - 

 

Oil seed cake - 2 kg/plot - 

 

Bone meal - 5 kg/plot - 

 

Mulching - - Crop residue 5cm thick 

applied to the surface 
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Table S8. Growing protocol for tomato 

 

 Tomato 

 Conventional Organic ZBNF 

Pre-sowing Land preparation 0.28 g/plot carbofuran 

granules 

0.64 kg – 0.8 kg Neem 

cake 

0.64 kg – 0.8 kg Neem 

cake 

 

Seed Rate 1.12 g/plot 60 cm x 60 cm 

(plant-plant x row-row) 

1.12 g/plot 60 cm x 60 

cm (plant-plant x row-

row) 

1.12 g/plot 60 cm x 60 

cm (plant-plant x row-

row) 

 

Irrigation 10-15 d intervals 10-15 d intervals 10-15 d intervals 

 

Thiaram or Mancozeb seed 

treatment 

3g /kg seed - - 

 

 

Trichoderma seed treatment - 4 g/kg seed 

Plus 200g each of N 

fixing and PSB in 300-

400ml water 

- 

 

 

 

 

Bijamrita seed treatment  - - 3 l/ kg seed 

 

Farmyard Manure 48-50 kg/plot 48-50 kg/plot - 

 

Urea 20 g dissolved in 1 l 

water/plot 

- - 

 

 

Ammonium Nitrate 0.32-0.48 kg split over 3 

applications (30, 45 and 

60 d after transplanting) 

- - 

 

 

 

 

Potash (MOP) 0.32 kg/plot - - 

 

Super Phosphate 1.2 kg/plot - - 

 

ZnSO4 0.08 kg/plot - - 

 

Borax 0.06-0.10 kg/plot - - 
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Solid Jiramrita - - 1.6 kg/plot 

 

Liquid Jiramrita - - 1.8 l/plot every 10 d 

 

Panchagavya or 

Sapthadhanyankura 

tonic 

 

- - 45 ml/plot during 

flowering stage 

 

 

Vermicompost - 8-12 kg/plot - 

 

Neem Cake - 100g suspended in 1 l 

water/ plot 

- 

 

 

Mulching - - Crop residue 5cm thick 

applied to the surface 
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Table S9. Pest and disease management strategies in conventional, organic and ZBNF   

 Management Strategy 

Pest/ Disease Conventional Organic ZBNF 

Shoot and fruit borer Quinolphos or 

Prophenophos (2 ml/l) 

1 l per plot 

Spray twice at 10 d 

intervals during 

vegetative and fruit 

development stage 

Pheramone traps (1 

per plot) 

Neem oil or 5% NSKE 

Trichogramma  

180 ml per plot 

Four times at 7 d 

intervals 

 

Pheramone traps (1 

per plot) 

Agnasthram (27 ml/plot) 

Neemasthram (27 

ml/plot) 

 

Sucking pest (white fly, 

aphids leaf hopper and 

thrips) 

Dimethoate (3 ml/l) 

Spray twice at 10 d 

intervals 

1 l per plot 
Green lace wing bugs 

1st instar larvae (36/plot) 

 

Grease coated bottles or 

yellow plates (1 per 

Plot) 

Neem oil or 5% NSKE 

Yellow sticky plates 

(1 per plot) 

Neemasthram (1.8 l/plot) 

Yellow vein mosaic Dimethoate (3 ml/l) 

Spray twice at 10 d 

intervals 

1 l per plot 

 

Grease coated bottles or 

yellow plates (1 per 

Plot) 

Neem oil or 5% NSKE 

Yellow sticky plates 

(1 per plot) 

Neemasthram (1.8 l/plot) 

Epilachna beetle Quinolphos or 

Prophenophos (2 ml/l) 

1 l per plot 
Triazophos 40%EC (2.5 

ml/l) 

 

Neem oil or 5% NSKE Agnasthram (27 ml/plot) 

Neemasthram (1.8 l/plot) 

 

Damping Off Copper oxychloride 

(2.5g/l) 144 l/plot 

Seed treatment, bio-

fertilizers and FYM, as 

described in crop 

growing protocol  

Bijamrita seed treatment 

as described in crop 

growing protocol 

 

Pod borer  Carbaryl 50WP (2 g/l) or 

Quinalphos 25EC 

(2 ml/l) 

1 l per plot 

- Neemasthram (1.8 l/plot) 

Agnasthram (27 ml/plot) 

 

Powdery mildew Wettable sulphur (2 g/l). 
Spray 3 times at 15 d 

intervals. 

1 l per plot 

- Cow milk (27 ml/plot) 
or Fermented butter milk 

(54 ml/plot) 

 

 

Leaf spot Mancozeb (2 g /l) or 

copper oxychloride (2.5 

g/l) 

1 l per plot 

Early removal of infected 

plants. 

10 g of Trichoderma or 

Pseudomonas Sp. in 1 l 

water for spraying  

Neemastram (89 ml/ plot) 

 

 

 

 

Leaf miner 

 

 

Carbofuran (3%) 144 g 

per plot 

Yellow sticky plates 

(1 per plot) 
 

Yellow sticky plates 

(1 per plot) 
Neemasthram (1.8 l/plot) 
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Figure S1.  Example instruction booklet for implementation of experimental design 
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Figure S2 - Residual plots of REML mixed effects model on z transformed yield (treatment, district and crop variety 

as factors) 

 

 

 

 

 


