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ABSTRACT

The present study was conducted to evaluate the influence of different irrigation regimes and fertigation
levels on growth, yield and quality of pole bean (Phaseolus vulgaris L.). The experiment was carried out at
the Department of Vegetable Science, College of Horticulture, Bagalkot, during 2024-2025 in a factorial
randomized complete block design with two replications. Irrigation was scheduled through drip at 60, 80 and
100% ETc. Fertigation treatments consisted of 75% RDF through fertigation, 100% RDF through fertigation,
75% N and 100% K through fertigation with 100% P as soil application, 100% N and K through fertigation
with 100% P as soil application, 100% N through fertigation with 100% P and K as soil application and 100%
RDF through soil application. Results revealed that application of 100% RDF through fertigation combined
with irrigation at 80% ETc recorded superior growth, yield and quality of pole bean. This treatment resulted
in maximum plant height (284.80 cm), number of branches (12.14) at final harvest, higher dry biomass of
roots, shoots, leaves and pods, leaf area index(2.25) and chlorophyll content (62.04 SCMR), along with
improved yield attributes such as no. of pods per cluster (10.55), pod length (16.75 cm), pod girth (2.78 mm),
pod weight (14.60 g), pod yield (217.83 kg/plant) and pod yield(32.67 t/ha). It also enhanced protein and fibre
content, increased nutrient content of plant, uptake(180.77, 47.50 and 73.67 kg/ha of N, P and K) and
produced the highest gross and net returns with maximum benefit-cost ratio (2.55). Application of 100% RDF
through soil combined with 60% ETc showed early 50% flowering, first and final harvest. Although, higher
water use efficiency (300.21 kg/ha/mm) was observed at 60% ETc, overall performance in terms of productivity,
quality and profitability was best at 80% ETc, indicating its suitability for pole bean cultivation under
Northern dry zone conditions of Karnataka.
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French bean (Phaseolus vulgaris L.) is an important

Introduction believed to have evolved from the wild species Phaseolus

aborigineus and was domesticated about 7000 to 8000

leguminous vegetable crop belonging to the family
Fabaceae with a diploid chromosome number of 2n = 22.
It is widely cultivated in India and is known by various
common names such as snap bean, kidney bean, rajma
bean and string bean. The crop originated in Southern
Mexico and Central America with Peru Ecuador and
Bolivia recognized as secondary centres of origin. It is

years ago. French bean was introduced to Europe during
the 16" and 17" centuries and later brought to India in
the 17" century. In India it is mainly cultivated as a tender
vegetable while in several developed countries it is grown
on a large scale for processing purposes.

French bean is a nutrient rich crop consumed mainly
as tender green pods and dried seeds and is often referred
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to as the meat of the poor. It is a good source of protein,
carbohydrates, vitamins and minerals with 100 g of pods
providing approximately 1.7g protein, 4.5 g carbohydrates,
11 mg vitamin C, 221 IU vitamin A and 50 mg calcium
(Sardana et al., 2000). In addition to its nutritional
importance the crop also possesses therapeutic properties
and is reported to be beneficial in the management of
diabetes cardiovascular disorders and digestive problems.
Pole type French bean is an indeterminate and long
duration crop with a well-developed tap root system and
vigorous vegetative growth which places a high demand
on continuous and balanced nutrient supply throughout
the crop growth period. Adequate availability of nitrogen
phosphorus and potassium is essential for sustaining
vegetative growth flowering pod development and seed
filling.

Conventional fertilizer application methods often result
in poor nutrient use efficiency due to losses through
leaching volatilization and fixation especially under
irrigated conditions. Fertigation which involves the
application of water soluble fertilizers through drip irrigation
offers an efficient alternative by ensuring precise
placement timely supply and uniform distribution of
nutrients in the active root zone. This approach improves
nutrient availability uptake and utilization while reducing
nutrient losses and input costs. Several studies have
demonstrated that fertigation enhances growth yield
quality and nutrient uptake in vegetable crops compared
to soil application of fertilizers.

Water availability plays a critical role in nutrient
absorption and translocation within the plant. Irrigation
scheduling based on crop evapotranspiration helps in
maintaining optimum soil moisture conditions and facilitates
efficient nutrient uptake. Drip irrigation combined with
fertigation ensures synchronized supply of water and
nutrients which is particularly important for pole bean
due to its indeterminate growth habit and prolonged
nutrient requirement. However information on suitable
irrigation regimes and fertigation levels for pole bean under
Northern dry zone conditions of Karnataka is limited.
Therefore, the present study was undertaken to evaluate
different irrigation regimes and fertigation levels with the
objectives of optimizing water requirement standardizing
fertigation schedules and assessing their influence on
nutrient uptake growth yield quality and economics of
pole bean cultivation.

Materials and Methods

The present investigation was conducted during the
Kharif season of 2024-25 at the Department of Vegetable
Science, College of Horticulture, University of

Horticultural Sciences, Bagalkot, Karnataka, India, located
in the Northern Dry Zone of Karnataka. The experiment
was laid out in a factorial randomized complete block
design with eighteen treatment combinations comprising
six fertigation levels and three drip irrigation regimes,
replicated twice. Fertigation treatments consisted of
different combinations of recommended doses of nitrogen,
phosphorus and potassium applied either through
fertigation or soil application, while irrigation was
scheduled through drip at 60, 80 and 100% ETc. The
pole bean hybrid ‘MONACO’ was used as the test crop
and grown at a spacing of 75 cm x 45 cm under
polyethylene mulch with staking support.

Observations were recorded from five randomly
selected plants per treatment and replication on growth
parameters such as plant height(cm), number of branches
at 50, 100 and after final harvest, fresh and dry biomass
(9), leaf area index and chlorophyll content(SCMR),
flowering traits such as early 50% flowering, first and
final harvest, yield attributes such as no. of pods per
cluster, no. of pod clusters per plant, pod weight(g), pod
length(cm), pod girth(mm) pod yield(kg/plant) and pod
yield(t/ha). Quality parameters including crude protein,
crude fibre and physiological loss in weight(%) were
estimated using standard analytical procedures. Plant
samples 100 DAS were analyzed for nitrogen, phosphorus
and potassium(%) content and uptake(kg/ha), while soil
samples collected before and after the experiment were
analyzed for pH, EC, organic carbon and available
nutrients N, P and K(kg/ha). Water use efficiency (kg/
ha/mm) and economics were also computed. The
experimental data were subjected to statistical analysis
following the procedures described by Sundararaj et al.
(1972) appropriate for a factorial randomized complete
block design to assess the significance of treatment
effects.

Results and Discussion
Growth parameters

Growth parameters were significantly influenced by
fertigation and irrigation regimes(Tables 1-2). Drip
fertigation recorded higher plant height, number of
branches, biomass, leaf area index and chlorophyll content
compared to conventional soil application. The response
was highest with 100% RDF through fertigation combined
with irrigation at 80% ETc while 100% RDF through soil
and irrigation at 60% ETc resulted in inferior growth
indicating the importance of adequate water and nutrient
supply.

Plant height at 50, 100 DAS and at final harvest was
highest under 100% RDF through fertigation with 80%
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Table 1: Plant height and No. of branches at various growth
stages of pole bean as influenced by different
irrigation regimes and fertigation levels.

Treatments | 50 100 | AFH 50 100 | AFH
DAS | DAS DAS | DAS

Factor -1 Fertigation (F)

F1 136.26 | 258.50 | 274.79| 7.88 | 1062 | 11.46
F2 144431 269.69 | 28112 | 852 | 11.02 | 11.89
F3 127.77| 251.01 | 26658 | 7.50 | 1022 | 11.35
F4 13328 | 25342 | 27255| 7.59 | 10.39 | 11.39
F5 12470 | 249.98 | 26550| 7.29 | 10.16 | 11.27
F6 11839 | 242.71| 26329| 7.04 | 9.76 | 11.08
SEm+ 123 | 210 | 136 | 005 | 005 | 0.04
CDat5% | 368 | 624 | 406 | 015 | 015 | o.11
Factor-2 Irrigation regimes (1)

11 12330 | 24364 | 264.05| 7.27 | 1011 | 10.95
12 136.80 | 260.83 | 275.64| 7.90 | 1058 | 11.72
13 1323125818 | 27323| 7.74 | 10.39 | 11.56
SEm+ 087 | 148 | 096 | 004 | 004 | 0.03

CDat5% | 275 | 468 | 304 | 012 | 011 | 0.09
Interaction (FI)

F111 12855 | 250.00 | 274.38| 7.39 | 10.38 | 11.05
F112 14069 | 261.25| 278.95| 816 | 10.85 | 1175
F113 139.55 | 264.24| 277.05| 809 | 10.62 | 11.58
F211 140.33 | 266.25| 27440| 7.58 | 1057 | 11.65
F212 14798 | 275.70| 284.80| 9.13 | 1145 | 1214
F213 14498 | 267.13| 281.15| 885 | 11.06 | 11.90
F311 11758 | 24142 | 256.65| 7.23 | 10.00 | 10.90
F312 137.34 | 254.25| 272.65| 7.74 | 1047 | 1161
F313 128.39 | 257.35| 27045| 7.53 | 10.20 | 1156
F411 121.25| 24538 | 268.78 | 721 | 1024 | 10.84
F412 140.62 | 260.13| 27548 | 7.80 | 1048 | 1171
F413 137.97 | 254.75| 27340 | 7.77 | 1046 | 11.64
511 11843 | 239.45| 254.36| 7.28 | 9.90 | 10.79
F512 132.17 | 257.35| 271.70| 7.32 | 1045 | 1153
F513 12350 | 253.13| 27043 | 7.28 | 10.12 | 1149
F6l1 11368 | 219.38| 252.73| 6.91 | 9.56 | 1046
F612 122,04 | 256.28 | 270.26| 7.29 | 9.81 | 1157
F613 119.46 | 25248 | 266.88 | 6.93 | 9.91 | 11.20
SEmt 213 | 364 | 236 | 009 | 009 | 007

CDat5% | 637 | 108 | 704 | 027 | 027 | 020

Treatment details: DAS: Days after sowing; AFH: At final
harvest

F1- 75%RDF through fertigation; F2- 100%RDF through
fertigation; F3-75% N and 100% K through Fertigation +100%
P soil application; F4-100% N and K through Fertigation +
100% P soil application; F5-100% N through Fertigation +
100% P and K soil application; F6-100% RDF through soil

1.: Drip irrigation at 60% of ET; L: Drip irrigation at 80% of ET;
I,: Drip irrigation at 100% of ET.

ETc irrigation reaching 147.98, 275.70 and 284.80 cm,
respectively. The number of branches per plant was 9.13
at 50, 11.45 at 100 DAS and 12.14 at final harvest. Fresh
weight of roots, shoots, leaves and pods at 100 DAS was
63.54, 77.95, 776.90 and 98.11 g while corresponding dry
weights were 14.28, 16.23, 134.66 and 18.53 g. Leaf
area index was 2.25 and chlorophyll content was 62.04
SCMR at 100 DAS. Growth under 100% ETc was
comparable to 80% ETc whereas 60% ETc resulted in
reduced growth possibly due to moisture stress and limited
nutrient uptake.

Superior growth under fertigation with optimal
irrigation was attributed to continuous and uniform
availability of N, P and K in the root zone which enhanced
nutrient uptake chlorophyll synthesis photosynthetic
activity and dry matter accumulation. Soil application
showed lower growth due to uneven nutrient availability
and reduced nutrient use efficiency. These findings are
in agreement with earlier reports in cucumber and other
vegetable crops, which demonstrated that drip fertigation
maintains favorable soil moisture and nutrient status
thereby improving vegetative growth and physiological
performance (Shukla et al., 2020; Pawar et al., 2018;
Chand, 2014 Rahil and Qanadillo, 2015; Venkatesh et
al., 2022; Sahana et al., 2018; Ramesh et al., 2021;
Rajalingam et al., 2022; Ruban et al., 2023;
Balachandrakumar et al., 2024; Jaysawal and
Sureshkumar, 2023).

Flowering parameters

Days to 50% flowering, first harvest and final harvest
were significantly influenced by fertigation levels and
irrigation regimes and followed a similar trend (Table 3).
Application of 100% RDF through soil resulted in earlier
flowering and harvest compared to fertigation. Lower
and less uniform nutrient availability under soil application
imposed mild nutritional stress which restricted excessive
vegetative growth and promoted early diversion of
assimilates towards reproductive development leading to
early flowering and crop maturity. Similar observations
were reported by Shailaja et al. (2024) in marigold Kumar
etal. (2025) in strawberry and by Doorenbos and Kassam
(1979) and Jones et al. (2000) in pepper.

Irrigation regimes also had a marked influence on
flowering behaviour. Crops irrigated at 100 and 80% ETc
required more days to attain flowering and subsequent
harvests due to enhanced vegetative growth supported
by higher soil moisture. In contrast irrigation at 60% ETc
imposed moderate moisture stress which limited
vegetative growth altered assimilate partitioning and
promoted earlier reproductive development resulting in
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Table2: Dry weight of plants (gm) at 100 DAS, leaf area index and
chlorophyll of pole bean as influenced by different irrigation

regimes and fertigation levels.
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first harvest and final harvest at 37.95, 45.94
and 103.97 days, respectively. This response
was attributed to gradual nutrient availability

Treatments | Roots | Shoots | Leaves | Pods | Leaf Area | Chlorophyll | combined with mild moisture stress which
Index content favoured early floral initiation efficient
(SCMR) assimilate partitioning and timely fruit
Factor | Fertigation (F) development. Similar findings were reported
F1 1310 | 1444 | 12899 | 1594 19% 5771 by Chartzoulakis and Drosos (1997) in pepper.
F2 1364 | 1565 | 13165 | 17.21 211 60.25 Yield parameters
F3 1178 | 1283 | 12244 | 1383 162 52.70 Yield was significantly influenced by
F4 1232 | 1367 | 126.21 | 1458 1.66 55.09 fertigation and irrigation regimes reflecting the
F5 1067 | 1205 | 11853 | 1279 151 46.60 combined effects of nutrient supply water
F6 939 | 1118 | 11412 | 1227 143 4191 availability and environmental conditions on
SEm+ 009 | 011 043 | 010 0.03 0.23 carbohydrate synthesis, translocation and pod
CDat5% | 026 | 032 | 129 | 031 | 009 0.70 development (Table 4). The experimental
Factor Il Irrigation regimes (1) results showed marked differences among
T 11.22 | 1250 | 11910 | 1312 160 50.69 treatments indicating that both fertilizer dose
2 D4 | 1392 | 12694 | 1534 180 5105 and irrigation level played a decisive role in
3 1180 | 1351 | 2492 | 1485 174 23 determining yield performance in pole bean.
SEm:+ 006 | 008 031 | 007 0.02 017 Maximum vyield attributes were recorded
CDat5% | 020 | 024 | 097 | 0.3 0.07 052 with 100% RDF through fertigation combined
Interaction (F1) V\{ith irrigation at 80% ETc, which resulted in
F1IL 235 | 1316 | 12484 11460 17 5506 higher number of pods per cluster (10.55) a.nd
FLI2 1367 | 1521 | 13180 | 1680| 214 5053 pod clusters per plant (12.75) along with
FLI3 1330 | 1494 | 13033 | 1643| 203 5766 increased pod length (16.75 cm), pod girth(2. 78
cm), pod weight (14.60 g), pod yield per plant
Fall 1278 | 1501 | 12763 | 1504 188 5806 (217.83 g) and pod yield per hectare (32.67 t),
F212 1428 | 1623 | 13466 | 1853 225 6204 respectively. Optimum moisture at 80% ETc
F2I3 1385 | 1571 | 13267 | 1805 220 60.90 maintained favourable soil aeration and
Rl 1108 | 1174 | 11695 | 1306 1.5/ 5116 minimized nutrient leaching thereby supporting
F3I2 1232 | 1363 | 12656 | 1443| 167 54.46 efficient photosynthesis flowering and fruit set.
F3I3 1194 | 1329 | 12380 | 1402] 163 5249 Similar improvements in yield under fertigation
F4l1 1163 | 1272 | 11991 | 1276| 162 53.74 with optimum irrigation have been reported by
F412 1303 | 1445 | 13015 | 15.78 170 56.90 Sinha et al. (2017) in sunflower, Goramnagar
F413 1229 | 1385 | 12857 | 15.22 167 54.65 et al. (2017) in acid lime, Pawar et al. (2018)
Il 1037 | 1139 | 11363 | 1188| 147 4410 and Shukla et al. (2020) in cucumber.
512 1140 | 1271 | 121.87 | 1349 154 49.02 Higher yield under fertigation was
F5I3 1026 | 1206 | 120.09 | 13.01 151 46.70 attributed to improved nutrient availability
F6ll 914 | 1100 | 11165 | 11.38 1.37 41.16 particularly nitrogen and potassium which
F612 083 | 11.33 | 116.63 | 13.00 151 42.39 enhanced photosynthetic activity assimilate
F613 919 | 11.22 | 114.08 | 12.45 142 4218 translocation and dry matter accumulation in
SEm: 015 | 018 075 | 018 0.05 041 pods. Balanced fertigation ensured efficient
CDat5% | 046 | 055 | 224 | 054 016 121 conversion of vegetative growth into

early flowering and harvest. Similar responses under
reduced irrigation levels were reported by Sharma et al.
(2011) in tomato and Sikarwar and Hardaha (2016) in

cucumber.

The interaction of 100 percent RDF through soil with

reproductive structures by improving
physiological efficiency and reducing pod drop. The
integration of fertigation with regulated irrigation thus
improved water and nutrient use efficiency resulting in
higher pod yield and better economic returns in pole bean
cultivation.

60% ETc recorded the minimum days to 50% flowering,
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Table 3: Days taken for 50% flowering, first harvest and final
harvest of pole bean as influenced by different
irrigation regimes and fertigation levels.

Treatments 50% First Final
flowering harvest harvest
Factor -1 Fertigation (F)
F1 44,09 53.04 112.47
F2 45.19 54.28 113.69
F3 42.66 50.34 110.02
F4 4304 51.04 111.47
F5 41.73 49.24 107.81
F6 39.58 47.94 105.85
SEm+ 0.33 0.30 0.52
CDat5% 0.99 0.91 155
Factor-2 Irrigation regimes (1)
11 4044 49.18 106.73
12 4291 50.74 110.37
13 44.79 53.02 11355
SEm+ 0.24 0.22 0.37
CDat5% 0.74 0.68 116
Interaction (FI)
F111 42,05 50.76 108.45
F112 44.19 53.18 11320
F113 46.05 55.18 115.77
F211 43,07 52.36 109.52
F212 4511 54.48 114.49
F213 47.39 56.00 117.08
F3lI1 39.72 4845 104.82
F312 4394 48.72 111.89
F3I3 44.33 53.86 11335
F411 4049 49.37 107.67
F412 4408 51.23 112.00
F413 4455 52.54 114.73
F511 39.37 48.22 105.96
F512 4214 49.63 106.37
F513 43.70 49.87 111.10
F611 3795 45.94 103.97
F612 38.02 47.20 104.31
F613 42.76 50.68 109.27
SEm+ 0.58 0.53 0.90
CDat5% 172 157 2.69

Quality parameters

Quality attributes such as crude protein and crude
fiber content in pods were significantly influenced by
fertigation and irrigation regimes (Table 5). Application
of 100% RDF through fertigation combined with irrigation
at 80% ETc recorded the highest protein and fiber content
of 23.93 and 4.68% at 100 DAS, respectively. Improved

quality under this treatment was attributed to enhanced
vegetative growth and efficient nutrient uptake which
promoted carbohydrate metabolism and greater
accumulation of structural and storage compounds. A
positive association between protein and fiber content
was evident indicating the role of balanced nutrition in
improving pod quality. Similar improvements in quality
attributes under fertigation have been reported by Ayub
et al. (2012) in cluster bean, Saleh et al. (2018),
Udayakumar et al. (2019) in capscium and Gul et al.
(2006) in pea.

Postharvest quality parameters were also markedly
affected by irrigation and nutrient management. The
lowest physiological loss in weight of 23.71% and longer
shelf life were recorded under 100% RDF through
fertigation with 80% ETc irrigation. Uniform and
continuous nutrient supply under fertigation improved
tissue firmness and moisture retention while optimum
irrigation maintained adequate plant water status without
inducing stress. In contrast soil fertilization and irrigation
at 60% ETc resulted in higher moisture loss due to poor
tissue structure and water deficit stress. Thus combined
application of fertigation and optimum irrigation was most
effective in improving pod quality and shelf life.

Nutrient analysis of plant

The application of different fertigation levels in
combination with irrigation regimes significantly
influenced nitrogen, phosphorus and potassium content
in pole bean plants at 100 DAS (Table 6). The treatment
with 100% RDF through fertigation combined with
irrigation at 80% ETc recorded the highest nitrogen
content in roots, shoots, leaves and pods of 0.67, 0.85,
1.37 and 4.10%, respectively. The same treatment also
registered maximum phosphorus content of 0.37, 0.46,
0.58 and 0.70% and potassium content of 0.54, 0.56, 0.78
and 1.28% in roots, shoots, leaves and pods respectively.
Higher nutrient content was attributed to enhanced
nutrient mobility root activity and uptake efficiency under
adequate fertilizer supply and optimum soil moisture.

Comparison among fertigation levels showed that
nutrient accumulation increased with higher and more
frequent fertigation. Continuous and balanced nutrient
supply directly to the root zone under fertigation improved
absorption efficiency and reduced nutrient losses through
leaching especially under regulated irrigation at 80% ETc.
Maintenance of optimum soil moisture further created
favourable conditions for nutrient uptake and translocation
within the plant. Similar improvements in nutrient content
under fertigation and drip irrigation have been reported
by Singh et al. (2016) in cluster bean, Dhinesh and Santhi
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Table 4 : Yield and its attributes in pole bean at regular harvests as influenced by fertigation levels and irrigation regimes.

Treatments No. of pods No. of Pod Pod Pod Podyield Pod yield
per cluster clusters length girth weight per plant per ha (t)
per plant (cm) (mm) ) ©)
Factor | Fertigation (F)
F1 947 10.18 14.94 247 12.99 206.55 30.98
F2 10.13 1152 16.01 2.62 14.10 212.11 31.82
F3 7.68 8.46 12.86 2.03 12.16 185.76 27.86
F4 8.80 9.60 13.74 224 12.73 197.30 29.60
F5 6.82 7.35 12.39 150 11.97 170.22 25,53
F6 5.79 6.86 11.27 139 11.38 161.95 24.29
SEm+ 0.20 0.16 0.14 0.03 0.08 128 0.19
CDat5% 0.59 0.48 0.42 0.10 0.23 383 0.57
Factor Il Irrigation regimes (1)
11 721 7.88 12.29 188 11.86 180.91 27.14
12 8.95 10.04 14.62 223 1313 196.27 29.45
13 819 9.08 13.69 201 12.66 189.77 2847
SEm+ 0.14 0.11 0.10 0.02 0.06 0.91 0.14
CDat5% 0.44 0.36 0.32 0.07 0.17 2.86 0.43
Interaction (FI)
F111 9.01 8.77 13.35 234 12.30 196.96 20.54
F112 10.00 11.38 15.90 2.60 13.64 21320 31.98
F113 9.40 1041 15,57 249 13.04 209.51 3143
F211 9.80 9.76 15.18 247 1350 204.96 30.74
F212 10.55 12.75 16.75 278 14.60 217.83 3267
F213 10.05 12.06 16.11 2.62 14.20 213.56 3203
F3lI1 6.53 7.79 1112 172 11.65 182.18 271.33
F312 9.15 8.79 1431 241 12.67 191.66 28.75
F3I3 7.35 8.81 1315 1.95 12.17 183.44 21.52
F411 7.25 853 12.19 2.08 12.12 183.72 27.56
F412 9.75 11.09 15.33 246 13.05 206.43 30.96
F413 9.39 9.20 1371 219 13.01 201.76 30.26
F511 550 6.38 1153 135 11.18 163.90 2459
F512 8.00 823 1315 167 12.83 180.45 21.07
F513 6.95 7.45 12.50 148 11.90 166.33 24.95
F611 5.16 6.05 1041 131 10.44 153.78 23.07
F612 6.22 8.00 12.30 150 12.03 168.05 25.21
F613 5.98 6.53 11.10 137 11.67 164.03 24.60
SEm+ 0.34 0.28 0.25 0.06 0.13 222 0.33
CDat5% 1.02 0.83 0.73 0.17 0.40 6.64 1.00

(2016) in brinjal, Enigi et al. (2013), Neogi and Das (2022)
and Lakshmi et al. (2012) in potato.

Soil nutrient status

The available nitrogen, phosphorus and potassium
content in soil after harvest was significantly influenced
by fertigation and irrigation regimes (Table7). The lowest
residual soil N, P and K of 222.65, 21.49 and 236.37 kg/
ha respectively, were recorded under 100% RDF through

fertigation with irrigation at 100% ETc. This reduction
was attributed to enhanced nutrient uptake by the crop
and greater leaching losses under higher moisture
availability. Fertigation supplies nutrients in readily
available forms directly to the active root zone which
improves nutrient use efficiency and supports continuous
absorption particularly under adequate soil moisture. In
contrast soil application of 100% RDF resulted in higher
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Table5: Quality attributes in pole bean at regular harvests
as influenced by fertigation levels and irrigation

regimes.
Treatments Crude Crude Physiological
protein fibre loss of
(%) (%) weight (%)
Factor -1 Fertigation (F)
F1 20.83 4.48 26.38
F2 22.09 4.60 25.13
F3 19.60 4.34 30.75
F4 20.34 4.40 30.03
F5 18.11 4.32 32.78
F6 17.55 4.20 3461
SEmz+ 0.19 0.09 0.19
CDat5% 0.56 NS 0.57
Factor-2 Irrigation regimes (1)
11 1857 4.32 31.39
12 20.95 443 28.63
13 19.74 4.42 29.82
SEmz+ 0.13 0.06 0.13
CDat5% 042 NS 0.42
Interaction (FI)
F111 19.35 4.48 2748
F112 22.10 4.42 25,53
F113 21.04 454 26.12
F211 20.00 4.49 26.81
F212 2393 4.68 2371
F213 235 461 24.88
F3lI1 18.83 4.24 3280
F312 20.65 4.42 28.88
F3I3 19.33 4.36 30.57
F411 19.12 431 31.76
F412 21.22 4.45 28.03
F413 20.70 4.45 30.30
F511 1757 4.24 3442
F512 18.96 437 31.47
F513 17.80 4.34 3244
F611 16.58 4.15 35.06
F612 18.86 4.24 34.16
F613 1721 4.20 34.60
SEm+ 0.32 0.15 0.33
CDat5% 0.96 NS 0.98

residual nutrients due to slower nutrient release lower
uptake efficiency and partial fixation or limited availability
reducing total plant removal.

Irrigation at 60% ETc recorded higher residual soil
nutrients compared to 80 and 100% ETc due to reduced
leaching and limited nutrient uptake under lower soil

moisture. The highest available N, P,O, and K,O of
246.02, 32.54 and 268.64 kg/ha were observed under
100% RDF applied through soil which was attributed to
gradual nutrient release and incomplete uptake resulting
in greater nutrient retention after harvest. Soil pH, EC
and OC content did not differ significantly among
treatments likely due to the buffering capacity of clay
loam soil and the short duration of the experiment. Similar
trends in postharvest soil nutrient status have been
reported by Talali (2005), Beaudoin et al. (2005), Kumari
etal. (2017), Puli et al. (2019) and Nabum et al. (2024).

Nutrient uptake

The uptake of nitrogen, phosphorus and potassium
was significantly affected by irrigation regimes (Table 8)
with higher uptake recorded at 80% ETc followed by
100% ETc, while the lowest uptake occurred at 60%
ETc. Irrigation at 80% ETc provided optimum soil moisture
which improved nutrient solubility, mobility and mass flow
towards the roots and supported active root growth
resulting in maximum uptake. Although, 100% ETc
ensured adequate moisture excessive water likely reduced
root zone aeration and increased nutrient losses through
leaching particularly nitrogen which slightly limited uptake.
In contrast irrigation at 60% ETc induced moisture stress
that restricted nutrient movement root activity and
physiological processes leading to reduced uptake of N,
P and K. Similar trends were reported by Elzopy et al.
(2017) and Wu et al. (2022).

Nutrient uptake was higher under 100% RDF applied
through fertigation compared to soil application due to
precise and uniform delivery of nutrients in readily
available forms to the active root zone. The highest uptake
of N, P and K of 180.77, 47.50 and 73.67 kg/ha was
observed under 100% RDF through fertigation combined
with 80% ETc due to the synergistic effect of optimal
water and nutrient supply. Fertigation synchronized
nutrient availability with crop demand while adequate
moisture at 80% ETc supported efficient transport and
absorption. In contrast soil application and sub optimal or
excessive irrigation limited nutrient availability or increased
losses thereby reducing overall uptake. These findings
are in agreement with Jain et al. (2021) and Kanwar et
al. (2024).

Water use efficiency

Efficient irrigation scheduling is crucial under
increasing water scarcity and rising energy costs, as higher
productivity depends on improved water use efficiency
(Table 9). In the present study, water use efficiency was
highest at 60% ETc despite slightly lower yield compared
to 80 and 100% ETc, mainly due to reduced irrigation
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Table 6 : Nitrogen, phosphorous and potassium content of plant (%) at 100 DAS of pole bean as influenced by fertigation levels

and irrigation regimes.

Treatments ‘ Roots ‘ Shoots ‘ Leaves ‘ Pods ‘ Roots ‘ Shoots‘ Leaves‘ Pods ‘ Roots | Shoots| Leaves‘ Pods
Factor | Fertigation (F)

F1 0.64 0.82 132 3.83 0.32 042 0.53 0.64 0.48 0.50 0.73 122
F2 0.65 0.84 134 3.99 0.34 044 0.56 0.67 0.50 0.53 0.76 125
F3 0.59 0.79 124 350 0.24 0.36 0.50 0.60 0.46 0.45 0.70 121
F4 0.63 0.82 128 3.68 0.28 0.37 0.51 0.62 047 0.48 0.71 121
F5 0.57 0.77 122 3.36 0.22 0.35 0.46 0.55 044 044 0.68 115
F6 0.52 0.75 121 3.18 0.21 0.34 0.45 0.54 043 043 0.65 115
SEmt 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
CDat5% 0.03 0.02 0.02 0.06 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03
Factor Il Irrigation regimes (1)

11 0.56 0.77 125 348 0.25 0.36 047 0.57 0.45 0.45 0.66 117
12 0.63 0.82 128 3.68 0.28 0.40 0.52 0.62 0.48 0.49 0.73 122
13 0.60 0.80 127 3.61 0.27 0.38 0.51 0.61 0.46 0.48 0.71 120
SEmt 0.01 0.01 0.01 0.02 0.01 0.004 0004 | 0.0 0.00 0.00 0.01 0.01
CDat5% 0.02 0.02 0.02 0.05 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02

Interaction (FI)

F111 0.61 0.81 129 3.80 0.29 0.40 0.50 0.61 047 0.45 0.71 120
F112 0.66 0.84 134 3.86 0.34 044 0.55 0.66 0.49 0.53 0.75 126
F113 0.64 0.82 133 3.83 0.33 043 0.54 0.65 047 0.51 0.74 119
F211 0.64 0.82 131 3.84 0.31 042 0.53 0.64 0.46 0.48 0.74 120
F212 0.67 0.85 137 4.10 0.37 0.46 0.58 0.70 0.54 0.56 0.78 128
F213 0.65 0.84 135 404 0.35 044 0.56 0.68 0.50 0.55 0.76 127
F311 0.55 0.72 123 331 0.23 0.35 044 0.54 0.45 044 0.64 114
F312 0.62 0.83 126 3.62 0.26 0.37 0.53 0.63 047 047 0.73 124
F313 0.61 0.82 124 3.56 0.24 0.35 0.52 0.63 0.45 0.46 0.73 125
F411 0.60 0.80 125 3.59 0.25 0.32 0.46 0.57 0.46 047 0.66 119
F412 0.65 0.83 132 3.75 0.32 0.40 0.54 0.64 0.48 0.49 0.75 124
F413 0.64 0.82 127 3.70 0.27 0.39 0.53 0.64 0.46 0.49 0.71 121
F511 0.50 0.75 123 3.30 0.23 0.33 0.45 0.54 044 042 0.62 115
F512 0.60 0.80 121 343 0.21 0.37 0.48 0.57 0.45 0.46 0.73 116
F513 0.60 0.76 122 3.37 0.22 0.34 047 0.55 044 0.46 0.71 115
F6l1 0.46 0.72 120 3.05 0.2 0.32 044 0.53 042 043 0.61 114
F612 0.59 0.78 121 334 0.21 0.36 0.46 0.57 0.45 0.45 0.69 116
F613 0.50 0.76 121 317 0.21 0.34 0.45 0.54 044 043 0.64 116
SEmt 0.02 0.01 0.01 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
CDat5% 0.05 0.04 0.04 0.11 0.04 0.03 0.03 0.03 0.03 0.03 0.04 0.05

water and its efficient utilization by the crop. The treatment
receiving 100% RDF through fertigation combined with
irrigation at 60% ETc recorded the maximum WUE of
300.21 kg/ha/mm, as mild moisture stress promoted
effective use of soil moisture reduced deep percolation
and evaporation losses and encouraged deeper root
growth. At higher irrigation levels yield gains were not
proportional to the additional water applied resulting in
lower WUE. Thus the combination of 100% RDF through

fertigation with 60% ETc was most effective for
maximizing WUE, in agreement with the findings of Pippal
et al. (2025) and Saleh et al. (2018).

Economics

Drip fertigation in vegetable crops requires higher
initial investment mainly due to the cost of water soluble
fertilizers, but its long service, life and yield advantage
make it economically viable (Table 10). In the present
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Table 7 : Nutrient status of soil after crop harvest of pole bean
as influenced by fertigation levels and irrigation

Table 8 : Nutrient uptake (kg/ha) of pole bean as influenced
by fertigation levels and irrigation regimes.

Fegimes. Treatments | Nitrogen | Phosphorous Potassium
Treatments | H EC oC N P K (kg/ha) (kg/ha) (kg/ha)
(dsim) | (%) | (kg/ha)] (kg/ha) | (kg/ha) Factor -1 Fertigation (F)
Factor | Fertigation (F) F1 158.00 2041 64.43
F1 776 | 046 | 056 23301| 24.96 | 244.20 = 16997 56 640
F2 779 | 047 | 057| 227.11| 2374 | 236.78 = 3266 0 —_
F3 775 | 045 | 055| 24017| 2754 | 256.71 = 50 573 10
F4 7.75| 046 | 055| 23848| 2649 | 25167
F5 772 | 044 | 054| 24233 2861 | 258.88 m 12565 077 5317
F6 767| 042 | 053] 24452| 3064 | 26384 |0 15.56 256 49.75
SEm+ 005| 00L |00L] 098 | 041 | 197 SEm+ 145 0.52 0.86
CDat5% | NS| NS | NS| 294 | 121 | 587 CDat5% 433 155 256
Factor I Irrigation regimes (1) Factor-2 Irrigation regimes (1)
11 772 044 | 054] 24093| 2841 | 257.14 11 129.35 3170 53.17
12 776 | 045 | 056| 237.84| 27.25 | 25384 12 14951 38.61 63.08
13 774 045 | 055| 234.04| 2534 | 24506 13 144.60 37.12 60.53
SEmt 003| 001 |(001 070 0.29 139 SEmz: 1.03 0.37 0.61
CDat5% NS NS NS | 219 0.90 4,39 CD at5% 324 116 1.91
Interaction (F1) Interaction (FI)
FLI1 774 045 | 056] 237.89] 27.06 | 248.70 = TR %15 599a
F1I2 7.77| 047 | 057| 230.70| 2492 | 241.72 =T 0 BE 573
F1I3 777 046 | 056| 23044| 2292 | 242.20 T YRR e 123
F2I1 776 | 046 | 055| 23302| 24.96 | 237.30
F2I2 781 | 048 | 058| 22567| 24.77 | 236.66 Fall 15453 3878 6151
P13 779| 047 | 057| 22265| 2149 | 23637| |21 180.77 4730 367
F3IL 773| 045 | 054] 24448] 2836 | 26249| |F218 17461 44.63 0.28
F3I2 776 | 045 | 055| 24383| 27.11 | 260.49 F3I1 11566 21.86 48.88
F3I13 775 045 | 055| 23215| 27.15 | 247.15 F312 143,57 37.87 61.67
FAIL 7.73| 046 | 054| 240.78] 26.41 | 260.49 F3I3 138.76 37.60 62.27
F4I2 777 047 | 055| 239.21| 27.08 | 259.00 F411 131.09 31.05 53.30
F4I3 775| 047 | 055| 23545 2599 | 23553 F4I2 153.85 39,51 64.40
F5l11 771 | 044 | 053] 24343| 31.14 | 265.25 F413 150.33 39.67 62.60
F512 7173 0.45 0.55| 242.73| 28.31 | 257.29 511 117.55 28.56 48.38
I3 7.72| 045 | 054| 24084 26.40 | 254.11 =0 13066 23 605
F6I1 764 | 042 | 052| 246.02| 3254 | 26864 = 2873 34l =07
F6I2 771 042 | 054| 244.84] 3131 | 267.87 ol 10946 e 5
F6I3 766 | 042 | 054| 24270 28.08 | 255.02 0 DIl 059 00
SEmt 008| 002 |002] 171 | 070 | 341
CDat5% | NS| NS | NS| 500 | 210 | 1017 FoI3 11407 2818 873
SEmz 252 090 148
study the treatment receiving 100% RDF through CD at5% 751 269 443

fertigation combined with 80% ETc recorded the highest
gross return, net return and benefit cost ratio of Rs.
8,16,843/ha Rs. 4,96,965/ha and 2.55 respectively, owing
to higher yield and efficient use of water and nutrients.
In contrast the lowest economic returns were observed
under 100% RDF through soil with 60% ETc. The

improvement in benefit cost ratio under fertigation
indicates enhanced profitability through better resource
use, which is in line with the findings of Kakade et al.
(2019), Vijayakumar et al. (2010), Pooja et al. (2022)
and Biswas et al. (2023).
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Table 10 : Economics of pole bean cultivation as influenced by fertigation
levels and irrigation regimes.

. Treatments Yield Cost of Gross Net B:C
regimes. (t/ha) production returns returns
Treatments | Yield | Water Use Efficiency (Rupees) (Rupees) (Rupees)
(tha) (kg/ha/mm) Factor | Fertigation (F)
Factor | Fertigation (F) F1 30.98 315019.28 | 77456875 | 45954947 | 2.46
F1 30.98 2190.98 F2 31.82 319878.75 | 795425.00 | 475546.25 | 2.49
F2 31.82 258.03 F3 27.86 319349.13 | 696587.50 | 37723837 | 218
F3 27.86 212.86 F4 29.60 318221.70 | 739875.00 | 42165330 | 2.33
F4 29.60 224,33 F5 2553 290721.70 | 638337.50 | 34761580 | 2.20
F5 2553 194.82 F6 24.29 290721.70 | 60731875 | 316597.05 | 2.09
F6 24.29 184.66 Factor Il Irrigation regimes (1)
SEm: 0.19 151 In 27.14 308985.38 | 678428.13 | 369442.75 | 2.19
CDat5% | 057 449 12 29.45 308985.38 | 735996.88 | 42701150 | 2.38
Factor Il Irrigation regimes (1) 13 28.47 308985.38 711631.25 | 402645.87 | 2.30
11 27.14 264.99 Interaction (FI)
12 29.45 207.79 F111 2954 315019.28 | 73858125 | 423561.97 | 2.34
13 28.47 174.59 F112 31.98 315019.28 | 79948125 | 48446197 | 254
SEm: 0.14 1.06 F113 3143 315019.28 | 78564375 | 47062447 | 2.49
CDat5% | 043 335 F211 30.74 319878.75 | 768600.00 | 448721.25 | 240
Interaction (FI) F212 32.67 319878.75 | 816843.75 | 496965.00 | 255
F111 2054 288.48 F213 32.03 319878.75 | 80083125 | 48095250 | 2.50
F112 31.98 187.35 F3I1 27.33 319349.13 683156.25 | 363807.12 | 2.14
F1I3 3143 184.11 F312 28.75 319349.13 | 718706.25 | 399357.12 | 2.25
F211 30.74 30021 F3I13 2752 319349.13 | 687900.00 | 368550.87 | 215
F212 3267 239.28 FaIl 27.56 318221.70 | 688950.00 | 370728.30 | 2.17
F213 32.03 234.59 FA12 30.96 318221.70 | 774093.75 | 455872.05 | 2.43
F3il 27.33 266.83 F413 30.26 31822170 | 75658125 | 43835955 | 2.38
F3I2 28.75 210.53 F5I1 24.59 290721.70 | 61462500 | 323903.30 | 2.11
F3I3 21.52 161.20 512 27.07 29072170 | 676668.75 | 385947.05 | 2.33
F4I1 21.56 269.09 I3 24.95 29072170 | 62371875 | 332997.05 | 215
Fa12 30.% 226.76 F6I1 2307 20072170 | 57665625 | 28593455 | 198
F413 30.26 177.30 F612 2521 20072170 | 63018750 | 33946580 | 2.17
oIl 2459 240.06 F6I3 2460 | 29072170 | 61511250 | 324390.80 | 212
F512 27.07 198.22
F5I13 24.95 146.16 parameters nutrient content and uptake along with
E6l1 23.07 22523 reduced physiological loss in weight and lower residual
F612 2521 184.60 soil N, P and K after harvest. It also resulted in the highest
F613 24.60 14415 gross return net return and benefit cost ratio. Although
SEM: 033 261 water use efficiency was highest at 60% ETc overall
CDat5% | 100 778 crop performance and profitability were superior at 80%
ETc. Therefore application of 100% RDF through
Conclusion fertigation with 80% ETc is recommended for pole bean

In the present study, the treatment comprising 100%
RDF through fertigation combined with irrigation at 80%
ETc was found most effective in improving growth, yield
and quality of pole bean. This treatment recorded higher
vegetative growth yield attributes pod yield quality

cultivation in the Northern dry zone of Karnataka under
limited water availability.
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