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  ABSTRACT 

The traditional rice (Oryza sativa L.)-wheat (Triticum aestivum L.) system has decreased total factor productivity, input-

use efficiency, and profitability in the eastern Indo-Gangetic Plains (EIGP). In order to assess the effects of crop 

establishment and nutrient management on production sustainability in a rice-wheat cropping system, a three-year (2020–

2022) field experiment was carried out in the farmers' fields in Merha village of Katoriya, Banka, Bihar, on sandy clay 

loam soil. The split-plot design of the experiments was used, and they were repeated three times. Crop establishment 

techniques used in the main-plot treatment included: (i) broadcasting, which involves manually spreading paddy seed; (ii) 

dry seeding, which involves drilling seed on moist soil; (iii) drum-seeding, which involves planting dry seed using a drum 

seeder on moist soil; and (iv) wet-seeding, which involves spreading sprouted seeds on puddle soil with variety Sabour 

Ardhjal during the rainy (kharif) season; (ii) furrow irrigated raised-bed method; (iii) ZT-drill; and (iv) seed-cum-ferti-

drill machine for wheat variety HD 2967 during the winter (rabi) season. Four nutrient management treatments were 

applied to the sub-plots: (i) Farmers' practice (130:40:10 kg NPK/ha); (ii) 100% RDF (120:60:40 kg NPK/ha); (iii) Soil-

test-based nutrient management (100% chemical fertilizer-125:75:40 kg NPK/ha); (iv) Soil-test-based nutrient 

management (75% chemical fertilizer-94:56:30 kg NPK/ha+25% FYM-6.2 t/ha) in wheat. According to our findings, the 

wet seeding paddy-ZT drill wheat system outperformed the broadcasting techniques of rice and wheat in terms of total 

system production and profitability by 44 and 155.5%, respectively. When comparing the soil-test-based nutrient 

management production system to the farmers' methods, system productivity increased by 28.8%. Therefore, in the eastern 

Indo-Gangetic Plains of eastern India, crops may be cultivated using wet seeding paddy-ZT drill wheat with soil-test-

based nutrient management techniques to improve system productivity and profitability. 
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Introduction 

The biggest agricultural production system in the Indo-Gangetic Plains (IGP) of South Asia is the rice (Oryza sativa L.)-

wheat (Triticum aestivum L.) cropping system (RWCS), which spans over 14 mha (Mishra et al. 2021). Millions of people 

in South Asia depend on RWCS for their future food security and livelihood (Kumar et al. 2015), but the path to success 

has been hampered by deteriorating groundwater and soil health (Samal et al. 2017), monocropping of the cereal-cereal 

production system, rising climate variability, and shifting socioeconomic dynamics.  

1 Krishi Vigyan Kendra, Banka, Bihar; 2 Bihar Agricultural University, Sabour, Bhagalpur, Bihar; 3 ICAR Eastern 

Region Research Complex, Patna, Bihar; 4 ICAR-Agricultural Technology Research Institute, Zone-IV, Patna, Bihar. 

*The email address of the corresponding author is jublisahu41@gmail.com (Mishra et al. 2022). Millions of people and 

cattle are being supported by the EIGP, a significant agricultural area in South Asia (Kumar et al. 2017). One significant 

industry that is particularly vulnerable to climate fluctuations is agriculture (Kumar et al. 2021). Furthermore, 

socioeconomic variables may be taken into account while calculating the benefit:cost (B:C) analysis (Kumar et al. 2017) 

and develop a future socioeconomic scenario for agricultural system models (Kumar et al. 2022a). Farmers and academics 

developed a variety of agricultural techniques that might boost climate change resilience in response to these challenges 

(Kumar et al. 2020). Accurately assessing the effects of climate change on agricultural production systems is thus essential 

(Kumar et al. 2022b). In response to these problems, ICAR, SAUs, and KVK created National Innovation for Climate 

Resilient Agriculture (NICRA), a nationwide effort. This initiative includes more than one lakh agricultural families. The 

project's operations began in 2020 in Krishi Vigyan Kendra's Merha village in Banka, Bihar. The Technology 

Demonstration Component (TDC) implements natural resource management, crop production, livestock/fishery 

management, and institutional interventions since they all deal with adapting appropriate crop/cultivars and livestock 

systems to reduce climate variability. Since its start, the NICRA project has shown and promoted the use of a variety of 

technologies and enhanced agronomic management techniques to mitigate climate change. Both its company and the 
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agricultural community as a whole have benefited from this. The current investigation was designed to be conducted since 

these considerations were taken into account while starting the testing. 

MATERIALS AND METHODS 

The current research was conducted in a farmers' field in Merha, Katoriya, Banka, Bihar (86.88 E, 24.76 N, 109.92 m 

amsl) between 2020 and 2022. The sandy clay loam soil used in the experiment had a pH of 6.3 and was composed of 

54% sand, 30% silt, and 16% clay. Organic carbon (0.42%), available N (188.4 kg/ha), available P (18.7 kg/ha), and 

available K (173.4 kg/ha) were all low in the soil. The experiments were repeated three times using a split-plot approach. 

Crop establishment techniques used on the main plot included: (i) broadcasting, which involves manually spreading paddy 

seed; (ii) dry seeding, which involves drilling seed on moist soil; (iii) drum-seeding, which involves planting dry seed 

using a drum seeder on moist soil; (iv) wet-seeding, which involves sprouting seeds on puddle soil with variety Sabour 

Ardhjal during the rainy (kharif) season; (ii) furrow irrigated raised-bed method; (iii) ZT-drill; and (iv) seed-cum-ferti-

drill machine for wheat variety HD 2967 during the winter (rabi) season. Four nutrient management treatments were 

assigned to the sub-plots: (i) Farmers practice (130:40:10 kg NPK/ha); (ii) 100% RDF (120:60:40 kg NPK/ha); (iii) Soil-

test-based nutrient management (100% chemical fertilizer-125:75:40 kg NPK/ha); (iv) Soil-test-based nutrient 

management (75% chemical fertilizer-94:56:30 kg NPK/ha+25% FYM 6.2 t/ha); and (i) Farmers practice (140:30:10 kg 

NPK/ha); and (iii) Soil-test-based nutrient management. Urea, di-ammonium phosphate (DAP), and muriate of potash 

(MOP) were used as fertilizers. One-third of the recommended amount of N and the full quantity of P and K were sprayed 

during maximum tillering and panicle emergence. Urea, DAP, and MOP were used to apply the required dosage of NPK 

in wheat. At maximal tillering and spike emergence phases, the remaining doses of N were administered in two equal 

splits via urea, with half of the prescribed dosage of N and the whole dose of P and K applied as basal. For weed control 

in rice and wheat, the ready-mix formulation of sulfosulfuron 75 wP @50 g/ha+metsulfuron-methyl 5 wg @4 g/ha and 

bispyribac-sodium 10 sc @1.5 kg/ha+pyrazosulfuron-ethyl 10 wP @1.5 kg/ha was applied using a backpack sprayer with 

a flat-fan nozzle and 300 liters of water/ha as 25 days after sowing (DAS). Pre-sowing irrigation was administered after 

rice harvesting to guaranty optimal soil moisture for wheat planting. In ZT, wheat was immediately planted without any 

prior field preparation; however, cultivators, two harrows, and planking were used in the seed-cum-ferti-drill-machine, 

furrow-irrigated raised-bed, and CT procedures. Crop harvest at maturity from each of 50 m2 plots was used to record 

the grain and straw yields of each crop under various treatments. Crop yields were recorded at around 12% grain moisture 

content to ensure consistency. The minimum support price (MSP) was used to calculate the rice equivalent yield (REY) 

of post-rainy crops. Grain yields of wheat were translated into rice equivalent yield (REY t/ha) and computed as the total 

of rice yield and wheat REYs for each treatment in order to compare the productivity of rice-wheat cropping systems. 

 

 
REY (t/ha) = 

 

 

Because a cropping system involves several crops, evaluating the system's production becomes crucial. It is preferable to 

achieve a maximum sustained level of yield under these circumstances. According to Gangwar et al. (2003), the sustainable 

yield index (SYI) is used to evaluate these circumstances based on sustainable yield. 

 

SYI = 
 Y - σ 

× 100 
Ymax 

Ymax is the experiment's observed highest yield; σ is the estimated standard deviation; and Y is the expected average 

yield of a practice over years. System productivity was computed as kg/ha/day by dividing the total output on a rice 

equivalent yield basis in a series by 365. System profitability was computed as ₹/ha/day by dividing the entire system net 

returns in sequence by 365. Every characteristic of the experimental rice crop, the rice equivalent yield of the winter crop 

(wheat), and, if feasible, a variety of indices and economic factors for cropping sequences were tallied. The data was then 

statistically evaluated using established methodologies in order to get a reliable result. The split-plot design's analysis of 

variance was calculated using the conventional method. The F-test, as described by Cochran and Cox (1957), was used to 

determine the significance of treatment differences. The crucial difference (CD) at the 5% level was calculated to assess 

the importance of the difference between two treatment averages.  

OUTCOMES AND TALK 

Growth indices: While net assimilation rate (NAR) grew up to 30 DAS and then progressively declined up to 90 DAS, leaf 

area index (LAI), crop growth rate (CGR), and relative growth rate (RGR) climbed steadily up to 90 DAS. 
 

 

 

 

Economic yield of a crop × per tonnes price 

respective crop 

Price per tonnes of rice 
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Table 1 Effect of crop establishment and nutrient management on physiological attributes in rice and wheat (mean data of 3 years) 
 

Treatments Leaf area 

index 

 Crop growth rate 

(g/m2/day) 

 Relative growth rate 

(g/g/day) 

 Net assimilation rate 

(g/m2/day) 

30 

DAS 

60 

DAS 

90 

DAS 

 0–30 

DAS 

30–60 

DAS 

60–90 

DAS 

 30–60 

DAS 

60–90 

DAS 

90 

DAS 

harvest 

 0–30 

DAS 

30–60 

DAS 

60–90 

DAS 

Rice 

Crop establishment methods 

Broadcasting 0.43 1.45 2.59  0.435 1.594 2.720  0.179 0.638 1.061  0.046 0.033 0.010 

Dry seeding 0.67 2.35 2.88  0.679 2.570 4.262  0.278 1.028 1.662  0.054 0.038 0.012 

Drum seeding 1.25 3.26 4.07  1.153 3.555 5.844  0.473 1.422 2.279  0.069 0.048 0.015 

Wet seeding 0.92 2.88 3.73  0.872 3.193 5.270  0.358 1.277 2.055  0.062 0.044 0.013 

CD (P=0.05) 0.10 0.14 0.21  0.088 0.215 0.357  0.058 0.096 0.119  0.003 0.003 0.001 

Nutrient management practices 

Farmers’ practice (130:40:10 

kg NPK/ha) 

0.59 1.93 2.83  0.561 2.138 3.655  0.230 0.855 1.425  0.050 0.034 0.009 

100% RDF (120:60:40 kg 

NPK/ha) 

0.77 2.37 3.19  0.738 2.602 4.337  0.303 1.041 1.692  0.055 0.037 0.011 

Soil test based nutrient 

management (100% chemical 

fertilizer) 

0.88 2.64 3.51  0.861 2.929 4.856  0.353 1.172 1.894  0.060 0.043 0.013 

Soil test based nutrient 

management (75% chemical 

fertilizer+25% FYM) 

1.04 3.00 3.79  0.980 3.241 5.448  0.422 1.296 2.047  0.066 0.049 0.016 

CD (P=0.05) 0.14 0.25 0.27  0.111 0.436 0.514  0.064 0.121 0.151  0.005 0.005 0.003 

Wheat 

Crop establishment methods 

Broadcasting 0.39 1.29 2.21  0.392 1.434 2.448  0.157 0.574 0.979  0.042 0.029 0.009 

Dry seeding 0.60 2.08 3.46  0.611 2.313 3.836  0.244 0.925 1.534  0.049 0.035 0.011 

Drum seeding 0.97 2.88 4.74  1.038 3.200 5.260  0.415 1.280 2.104  0.062 0.044 0.013 

Wet seeding 0.79 2.59 4.27  0.785 2.873 4.743  0.314 1.149 1.897  0.055 0.038 0.011 

CD (P=0.05) 0.09 0.19 0.40  0.090 0.282 0.460  0.041 0.105 0.202  0.005 0.005 0.001 

Nutrient management practices 

Farmers’ practice (130:40:10 

kg NPK/ha) 

0.49 1.73 2.96  0.505 1.925 3.289  0.202 0.770 1.316  0.045 0.031 0.008 

100% RDF (120:60:40 kg 

NPK/ha) 

0.65 2.11 3.52  0.665 2.342 3.904  0.266 0.937 1.561  0.049 0.033 0.010 

Soil test based nutrient 

management (100% chemical 

fertilizer) 

0.74 2.38 3.94  0.775 2.636 4.371  0.310 1.055 1.748  0.054 0.039 0.012 

Soil test based nutrient 

management (75% chemical 

fertilizer+25% FYM) 

0.87 2.63 4.25  0.882 2.917 4.723  0.393 1.197 1.889  0.063 0.045 0.014 

CD (P=0.05) 0.10 0.24 0.48  0.101 0.327 0.537  0.056 0.131 0.215  0.007 0.005 0.001 
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DAS for rice (Table 1). LAI was much better with wet seeding, dry seeding, and broadcasting, and it was greater with drum 

seeding at 30, 60, and 90 DAS. Soil-test-based nutrient management (75% chemical fertilizer+25% FYM) produced a higher 

LAI and was found to be significantly better than farmers' practice (130:40:10 kg NPK/ha), 100% RDF (100:60:40 kg 

NPK/ha), and soil-test-based nutrient management (100% chemical fertilizer). Drum sowing also produced the maximum 

CGR, RGR, and NAR at 0–30, 30–60, and 60–90 DAS for CGR and NAR, and 30–60, 60–90, and 90 DAS–harvest for RGR. 

October 2023]CROP ESTABLISHMENT AND NUTRIENT MANAGEMENT IN RICE-WHEAT SYSTEM1117 showed 

that soil-test based nutrient management (75% chemical fertilizer+25% FYM) substantially increased CGR, RGR, and NAR.  

better than farmers' practices (130:40:10 kg NPK/ha), 100% RDF (100:60:40 kg NPK/ha), and soil-test based nutrient 

management (100% chemical fertilizer).  

In wheat, the NAR climbed until 30 DAS before dropping to 90 DAS, whereas the LAI, CGR, and RGR all progressively 

increased till 90 DAS. This resulted from the use of ZT, which improved the microenvironment and soil health (Kumar et al. 

2017). When it came to nutrient management, soil-test based nutrient management (75% chemical fertilizer + 25% FYM) 

produced a far higher LAI than soil-test based nutrient management (100% chemical fertilizer), 100% RDF (100:60:40 kg 

NPK/ha), and farmers practice (130:40:10 kg NPK/ha). This might be because adding FYM improved the nutrient supply 

and increased the availability of inorganic forms of nutrients, which increased the number of leaves per unit area and enlarged 

the leaf area.  

The CGR, RGR, and NAR peaked in ZT-drill at 0–30, 30–60, and 60–90 DAS in CGR, NAR, and 30–60, 60–90, and 90 

DAS-harvest in RGR. These results were much better with seed-cum-ferti-drill, furrow irrigated raised bed (FIRB) 

broadcasting. According to Jat et al. (2017), this was caused by an increase in organic matter in ZT, which made it easier for 

agricultural plants to get nutrients and improved plant growth and development. Soil-test-based nutrient management (75% 

chemical fertilizer+25% FYM) produced higher CGR, RGR, and NAR than soil-test-based nutrient management (100% 

chemical fertilizer), 100% RDF (100:60:40 kg NPK/ha), and farmer's practice. This might be because nutrients have a role 

in both production and translocation. 

 

 

Table 2 Effect of crop establishment and nutrient management on yield attributes, yield and economics in rice and wheat (mean data 

of 3 years) 
 

Treatments Yield attributes  Grain 

yield 

(t/ha) 

 Economics  

 Panicle or 

ear length 

(cm) 

Grains/ 

panicle or 

spike (no.) 

1000-grain 

weight 

(g) 

Gross 

returns 

(₹/ha) 

Net 

returns 

(₹/ha) 

B:C 

ratio 

  Rice      

Crop establishment methods        

Broadcasting 17.6 167.5 22.6 2.40 50615 18415 1.27 

Dry seeding 20.3 178.6 23.5 2.87 60603 27978 1.50 

Drum seeding 23.0 195.9 25.5 3.46 72982 45882 2.17 

Wet seeding 22.2 188.4 24.0 3.10 65436 32211 1.59 

CD (P=0.05) 0.86 8.40 NS 0.16 4310 18415 0.13 

Nutrient management practices        

Farmers’ practice (130:40:10 kg NPK/ha) 18.8 157.6 22.7 2.58 54530 24680 1.50 

100% RDF (120:60:40 kg NPK/ha) 20.4 180.8 23.6 2.82 59575 28875 1.59 

Soil-test based nutrient management (100% 

chemical fertilizer) 

21.3 190.7 24.0 3.10 65483 34233 1.73 

Soil-test based nutrient management (75% 

chemical fertilizer+25% FYM) 

22.5 201.3 25.1 3.32 70047 36697 1.72 

CD (P=0.05) 1.07 11.66 1.37 0.19 4062 1488 0.11 

  Wheat      

Crop establishment methods        

Broadcasting 6.5 34.8 41.1 2.76 50615 16915 1.50 

Dry seeding 6.8 36.1 42.6 3.30 60603 26478 1.77 

Drum seeding 7.4 41.1 43.7 3.98 72982 44382 2.55 

Wet seeding 7.1 36.7 42.2 3.57 65436 30711 1.88 

CD (P=0.05) 0.57 2.46 NS 0.18 4310 899 0.13 

Nutrient management practices        
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Farmers’ practice (130:40:10 kg NPK/ha) 6.6 35.3 42.2 2.97 54530 23180 1.76 

100% RDF (120:60:40 kg NPK/ha) 6.8 36.4 42.4 3.25 59575 27375 1.87 

Soil-test based nutrient management (100% 

chemical fertilizer) 

7.2 39.2 42.3 3.57 65483 32733 2.03 

Soil-test based nutrient management (75% 

chemical fertilizer+25% FYM) 

7.3 37.8 42.6 3.82 70047 35197 2.03 

CD (P=0.05) 0.55 1.94 NS 0.22 4062 1904 0.13 

 

 

  

of cytokinin from roots to shoots, which causes cell division to increase (Kumar et al. 2015).  

Features and economics of yields: Drum planting had more grains/panicle (no.) (195.9), followed by wet seeding (188.4), 

dry seeding (178.7), and farmer practices (167.5), which were statistically comparable to wet seeding (Table 2). In terms of 

nutrient management, soil-test based nutrient management (75% chemical fertilizer+25% FYM) produced more grain (3.33 

t/ha) than farmers' practice (130:40:10 kg NPK/ha), 100% RDF (100:60:40 kg NPK/ha), and soil-test based nutrient 

management (100% chemical fertilizer). In comparison to soil-test based nutrient management (100% chemical fertilizer), 

100% RDF (100:60:40 kg NPK/ha), and farmers practice (130:40:10 kg NPK/ha), soil-test based nutrient management (75% 

chemical fertilizer+25% FYM) produced the maximum panicle length (cm) and grains/panicle. This might be explained by 

the effective nutrient management treatment used in drum-seeding, which improved growth and boosted photosynthate 

accumulation in the reproductive portion, leading to a noticeable rise in crop yields. Drum seedlings were more economically 

feasible because they produced the greatest B:C ratio and net revenue. Higher agricultural yields and lower cultivation costs 

were blamed for this. Soil-test-based nutrient management techniques (75% chemical fertilizer with 25% FYM) produced 

the highest net revenue; however, soil-test-based nutrient management (100% chemical fertilizer) produced the highest B:C 

ratio. Compared to seed-cum-ferti-drill (3.57 t/ha), FIRB (3.31 t/ha), and broadcasting (2.76 t/ha), ZT-drill sowing of wheat 

had a greater grain yield (3.98 t/ha). Improved yield characteristics and earlier planting may contribute to higher grain 

production in ZT-drill (Bohra and Kumar 2015; Pratap et al. 2022). According to Samal et al. (2017), the ZT-drill treatment 

for wheat produced the maximum grain yield of around 10–12%. The ZT-drill outperformed the FIRB and seed-cum-ferti-

drill by a large margin, recording more grains/spike (41.1). More efficient tillers/m row length (112.6) and ear length (7.4), 

but statistically comparable to the seed-cum-ferti drill and noticeably better with FIRB. Grain yield (3.82 t/ha) was higher 

with soil-test based nutrient management (75% chemical fertilizer+25% FYM) than with soil-test nutrient management 

(100% chemical fertilizer), 100% RDF (100:60:40 kg NPK/ha). Ear length and grains/spike were more prevalent in soil-test-

based nutrient management techniques. Due to its greatest advantage—a B:C ratio of 2.55 and net income of ₹44,382/ha—

the ZT-drill turned out to be more lucrative (Table 2). This was ascribed to lower farming costs and higher agricultural yields. 

Soil-test-based nutrient management approaches (75% chemical fertilizer+25% FYM) and soil-test-based nutrient 

management (100% fertilizer) yielded the highest net revenue (₹35,197/ha), but the highest B:C ratio (2.03).  

System productivity, profitability, sustainable yield, and value index (SYI and SVI): Wet seeding paddy-ZT-drill sowing 

wheat produced significantly higher system productivity and net incomes than drum seeding paddy-seed-cum-ferti-drill-

wheat, dry seeding paddy-FIRB planting wheat, and broadcasting rice and wheat (Table 3). When comparing the soil-test-

based nutrient management production system to the farmers' methods, system productivity increased by 28.8%. In 

comparison to soil-test based nutrient management (100% chemical), 100% RDF, and farmers' practices of rice and wheat, 

system production and profitability were greater under soil-test based nutrient management (75% chemical fertilizer+25% 

FYM). The overall productivity and net return of the whole rice-wheat crop were used to calculate the sustainable yield index 

and sustainable value index (SYI and SVI). 

 

Table 3 System rice equivalent yield (SREY), productivity, sustainable yield index and sustainable value index (SYI and SVI) of rice-

wheat system under different tillage-cum-crop establishment methods (mean data of 3 years) 
 

Treatments SREY 

(t/ha/yr) 

System 

productivity 

(kg/ha/day) 

System net 

returns 

(₹/ha/yr) 

System 

profitability 

(₹/ha/day) 

SYI SVI 

Crop establishment methods       

Broadcasting methods of rice and wheat 5.27 21.6 35330 145 0.57 0.14 

Dry seeding paddy-FIRB sowing of wheat 6.30 26.0 54456 225 0.70 0.35 

Wet seeding paddy-ZT drill sowing wheat 7.59 30.6 90264 364 0.87 0.75 

Drum seeding paddy-Seed-cum-ferti-drill wheat 6.81 27.9 62922 257 0.77 0.44 

CD (P=0.05) 0.28 1.93 2549 25 - - 

Nutrient management practices       

Farmers practice (130:40:10 kg NPK/ ha) 5.66 23.9 47860 202 0.73 0.52 
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100% RDF (100:60:40 kg NPK/ha) 6.20 25.9 56250 235 0.81 0.63 

Soil-test based nutrient management (100% chemical 

fertilizer) 

6.81 27.3 66966 269 0.90 0.78 

Soil-test based nutrient management (75% chemical fertilizer 

+25% FYM) 

7.29 29.1 71894 287 0.97 0.85 

CD (P=0.05) 1.40 2.38 1815 19.2 - - 

 

 

 

 
NUTRIENT MANAGEMENT IN RICE-WHEAT SYSTEM  

system for three years throughout each round of therapy. Wet seeding paddy-ZT drill sowing wheat (0.77 and 0.44) had 

lower SYI and SVI values than drum seeding paddy-seed-cum-ferti-drill wheat (0.87 and 0.75). Among the nutrient 

management techniques, soil-test-based nutrient management (75% chemical fertilizer+25% FYM) showed the highest SYI 

and SVI (0.97 and 0.85). Wet seeding paddy-ZT drill sowing wheat yields were thus more dependable for raising the rice-

wheat cropping system's productivity and profitability. As a result, wet seeding yield has been shown to be more sustainable 

for increased productivity and profitability of the rice-wheat system than direct planting using a drum seeder or zero till. 

These results closely align with those of Bohra and Kumar (2015).  

Therefore, based on the aforementioned study, wet seeding paddy-ZT drill-sowing wheat in conjunction with soil-test-based 

nutrient management techniques (75% chemical fertilizer+25% FYM), which improved system productivity and profitability 

of the rice-wheat cropping system, may be encouraged for broader adaptability at the farmers' fields of eastern India's Indo-

Gangetic Plains (EIGP). The findings also suggest that these alternate methods may enhance soil health and biodiversity, 

preserve soil moisture, and increase soil resistance to terminal heat stress. However, EIGP service providers must be 

strengthened in order to expand these lucrative but capital-intensive solutions for smallholders. To boost the effect and 

widespread use of these technologies in EIGP, more long-term data under various agro-ecologies would be helpful. 
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