wn kA W

EFFECT OF IRRIGATION INTERVALS ON GROWTH
AND YIELD OF BELL PEPPER (Capsicum annuum)
IN A TROPICAL SEMI-ARID REGION.

ABSTRACT

A field experiment was conducted to investigate the effect of different irrigation intervals on
growth parameters and yield of bell pepper (Capsicum annum) in Minna, a semi-arid zone
city, north central Nigeria. The experiment was conducted using Randomized Complete
Block Design with single factorial and four replications on 12m by 12m plot of sandy clay
loamy soil. A 2m by 2m nursery plot was used and good seedlings were transplanted on 48
days after planting (DAP) to permanent plot. The plot was divided into main plots and sub-
plots with buffer zone provided between the plots. Irrigation intervals used were daily, 3 days,
six days and 9 days and a no-irrigation plot to serve as control. Mature bell pepper fruits
were harvested on 100 DAP and used for yield determination. Growth parameters measured
were stem height and diameter, number of leaf, leaf area, leaf area index, number and size
of fruits which were used to determine the final yield per hectare. Results showed that the
irrigation intervals used has impacts on growth parameters and vyield of bell pepper.
Statistical analysis with ANOVA and Least Significant Difference (p< 0.05) shows significant
influence of irrigation intervals on yield and some growth parameters. For instance, maximum
yield of 30.93ton/ha was recorded in plot with 3-day irrigation interval while minimum yield
(11.02ton/ha) was recorded from the control plot and 11.91ton/ha from plot with 6-day
irrigation interval. The irrigation interval also has remarkable influence on stem diameter but
with little effect on stem height and leaf number. The overall results revealed that 3-day
irrigation interval appeared to be optimum interval to guarantee good yield from bell pepper
plot and 6-day and 9-day intervals appeared to instill much water stress on bell pepper plant.
However, this observation is subject to local evapotranspiration which in turn is determined
by weather conditions. It is therefore recommended that similar experiment be conducted in
Minna under a controlled environment.

Keywords: Irrigation Scheduling; Leaf Area, pepper yield; Stem Diameter.
INTRODUCTION

The principal limiting factor for farmers in arid and semi-arid regions is water. Crop lands in these
areas are restricted by water availability and farmers grow crops that are able to adapt to drought
conditions. In some regions this has led to an increase of monocrops that are more resistant to water
deficits and irrigation becomes somewhat inevitable [1]. As a result of the water scarcity, efficient use
of water by irrigation is becoming increasingly important and alternative water application methods
such as drip and sprinkler which contribute substantially to the best use of water for agriculture and
improving irrigation efficiency therefore becomes very popular. Water use efficiency (WUE), in irrigated
agriculture was described by [2] as maximizing the returns and minimizing the environmental impacts
for every megalitre (ML) of water used for irrigation purposes. Irrigation should begin when the crop
comes under water stress severe enough to reduce crop yield or quality. The level of stress that will
cause a reduction in crop yield or quality depends on the kind of crop and its stage of development; it
varies during the growing season as the crop matures [3]. For instance, corn tolerates more stress
without causing a yield reduction when the stress occurs during the vegetative stage as opposed to
the pollination stage. Thus, determining when to irrigate is a scheduling decision that should take into
account the crop's sensitivity to stress. Irrigation scheduling requires knowledge of the soil, the soil-
water status, the status of crop stress, and the potential yield reduction if the crop remains in a
stressed condition [4].

Adequate amount of water is needed at the right time in order to get higher crop yield and should be

applied to farmlands. Therefore, it is vital to determine the water consumptions of plants and periods
that plants are susceptible for water beside the irrigation intervals in order to increase crop yield in a
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limited area [5]. Water requirement of plants from seed sowing to the harvest varies depending on
plant species and plant growth stages. When plants are water stressed they close their stomata and
cannot photosynthesize effectively. Water shortages therefore hinder crop growth while too much
water can cause large yield reductions too in bell pepper field [6]. It is pertinent that the grower must
therefore determine the water needs of the crop to avoid production or quality losses. This requires an
understanding of the movement and storage of water in the root zone of the crop and the rate of water
use by the crop [7].

Bell pepper (Capsicum annuum) has been classified as susceptible to water stress, with blossom
stage being the most sensitive period [8]. For high yield, adequate water supply and relatively moist
soils are required during the total growing period of bell pepper. Reduction in water supply during the
growing period has an adverse effect on yield and the greatest reduction in yield occurs when there is
a continuous water shortage until the fluorescence stage [9]. The period at the beginning of the
flowering is most sensitive to water shortage and soil water depletion in the root zone during this
period should not exceed 25% [3]. Water shortage just prior and during early flowering reduces the
number of fruits. Controlled irrigation is therefore essential in bell pepper plot for high yields because
the crop is sensitive to both over and under irrigation at this crucial stage [10]. For this reason, the
crop must be supplied with adequate water to ensure vigorous growth, good flowering conditions and
higher yield [1, 3, 11].

The people living in Minna, Nigeria are predominantly farmer with quite a larger percentage of them
specializing in bell pepper production. The crop (bell pepper) is known to respond quickly and sharply
to shortages of water and sometimes also respond negatively if too much water is added to its field
either by through rainfall or by irrigation. It therefore becomes necessary to conduct a study to know
optimum irrigation interval and quantity of water needed by bell pepper to thrive and fruit profitably.
Several efforts have been made by researchers, in Minna [3, 10, 12] to study the response of bell
pepper to irrigation when propagated under flooding system of irrigation. However, these researches
were not able to answer the question of how much water is needed by the crop when irrigation is
needed and at what interval the irrigation be carried out and thus need to be determined. The past
researches focused on yield of bell pepper even when too much water is added and not even at a
regular interval. There is a need to study the yield and growth response of bell pepper under irrigation
with measured volume of water at a regulated irrigation interval. The objectives of this study are
therefore to determine the effect of irrigation on growth of bell pepper; and to evaluate the yield
potential of bell pepper under different irrigation intervals.

MATERIALS AND METHODS

The study area for this study is Tudun Fulani, Bosso Local Government Area of Niger State, Nigeria
Minna, capital of Niger State, a semi — arid town in North central Nigeria. (Figure 1). The city lies in
latitude 90 36’ 50”N and longitude 60 33'25”. Minimum temperature in Minna is between 19°C and
22°C while maximum ranges between 38°C and 40°C. Precipitation separates the town into two major
seasons, wet season which spans from May to October and dry season from November to April.
Average annual precipitation is 1300mm with highest rainfall in August. An average daily sunshine
hour is 9.2 and evapotranspiration ranges from about 25mm in august to 90mm in March. Annual
groundwater recharge in Minna is about 13% of total annual precipitation [13].

Experimental Plot

The experimental plot was laid out using Randomized Complete Block Design (RCBD) with single
factorial arrangements. Bell pepper was raised on a nursery plot of 2m by 2m plot of land. The textural
classification of the soil on the nursery and permanent sites were determined using sieve analysis.
The result revealed that the soils were sandy clay loam with textural classification of 56.4% sand,
22.88% silt and 22.72% clay.
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Figure 1: Map of Nigeria Showing Niger State and Location of Minna (arrowed)

Planting on raised nursery bed was done mid-July and at 48days after planting (DAP), healthy
seedlings were selected and transplanted on the field plot. A field plot of 12m by 12m main plot was
prepared and a control plot of 12m by 2m was marked out. A buffer zone of 1m was provided between
plots. The remaining plot was divided into four sub-plots of 4.5 by 6m each for the four treatments of
1day, 3days, 6days and 9days irrigation intervals. For replications, each of the sub-plots was further
divided into four sub-sub plots of 2.25m by 3m each with a buffer zone of 0.5m between each of them.
In the plot, a planting space of 45.7cm was given within row and 60cm space was given between
rows. For each of the treatments and replicates, 20 litres of water was added on each irrigation day
using portable sprinkler irrigation except on the control plot which was propagated under rain-fed
condition. The water quantity was chosen based on agronomical requirements of bell pepper of
effective rooting zone depth of 0.31m and wetting diameter of 41.67m/km [7]. Normal pepper cultural
practices and pest management practices recommended by Niger State Agricultural Development
Program were followed. 1kg of NPK 15, 15, 15 was applied to each of the sub-plot and control plot at
35 DAP. Mature bell pepper fruit was harvested at 100 DAP.

Determination of Crop Data

Stem diameter was measured with A digital vernier caliper (Solar ABSOLUTE Digimatic Caliper,
Model CD-S6”C, Mitutoyo Corporation, Japan) on five randomly selected pepper stands on each plot.
The measurements were done during one month, two months and three months growth stage of the
pepper and the average calculated for statistical analysis. The same method was used for the stem
height but the measurement was done with a measuring tape. Five standing bell pepper stands were
randomly selected from each plot and the average plant height for each treatment was determined.
Leaf area was determined with mathematical formulae based on the leaf length (leaf base to leaf
apex) measured as the maximum length of leaf multiplied by maximum width and the leaf coefficient of
the crop:

LA = Max.length of leaf X Max. width X Leaf Coefficient (a)

After measuring leaf area, leaf Area Index (LAI) which is the ratio of the total area of all leaves on a
plant to the area of ground covered by the plant was determined per plant by dividing its leaf area by
the area of ground covered by the plant. During fruiting stage, the weight of each matured fruit was
measured using digital balance of accuracy t 0.001 grams (Model AR3130, Ohaus Corp., Pinebrook,
NJ) digital weighing balance. The diameter of the biggest and the smallest fruits harvested from each
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experimental plot was also measured using the same digital balance. The data obtained for various
variables were subjected to statistical analysis using Analysis of Variance (ANOVA) technique. The
means were compared using Least Significant Difference (LSD) test at 5% level of significance [14].

RESULTS AND DISCUSSION

The results of plant parameters are presented in Tables 1a and 1b. The results show that interval of
irrigation from the tables has effect on all the plant parameters. For instance, the pepper stem
diameter varies as the irrigation interval changes with 3 days irrigation interval having the biggest stem
diameter. Statistical analysis (p < 0.05) revealed that the change in irrigation interval has a significant
effect on the stem diameter of the bell pepper (Table 2 and Table 3). From Table 1a, stem height also
varies with change in interval of irrigation. The tallest height was observed in the plot with 3 days
irrigation interval while the control plot has the least height. However, statistical analysis (p<0.05)
shows that the change in interval of irrigation has no significant effect on plant height (Table 3 and
Table 4) except on 3 days irrigation interval. This observation supported the findings of [4, 9,15]. They
concluded after carrying out field experiments that plant height and yield of bell pepper has no
correlation.

Table 1a: Growth Parameters of Bell Pepper.

Treatments Stem diameter (cm) Stem height (cm) Leaf Number Leaf Area (m?)

Treatment Treatment Treatment Treatment Treatment Treatment Treatment Treatment

total mean total mean total mean total mean
Control 2.366 0.4732 178.7 35.74 369.0 73.80 62.71 12.54
Daily
oany 3.519 0.7038 215.5 43.10 943.0 188.6 89.78 17.96
irrigation
3 days 3.563 0.7126 2248 44.96 762.0 152.4 90.25 18.05
interval
6 days 3.364 0.6728 201.7 40.34 617.0 123.4 92.15 18.43
interval
9 days 3.045 06090  205.0 41.00 593.0 118.6 5757 11.51
interval
Total 15.857 0.6343 1025.7 41.028 3,284 131.36 392.46 15.70

Leaf number and leaf area from Table 1a were remarkable affected by change in irrigation interval.
While daily irrigation interval shows the maximum leaf number and control plot recorded the least leaf
number, leaf area was highest (92.15m?) in plot with 6 days irrigation interval and minimum leaf area
of 63.71m” was recorded in the control plot. Statistical analysis (p<0.05) however from Table 3 only
shows significant effect on leaf number at daily irrigation plot and the plot with 3 days irrigation interval
while there is no significant effect between number of leave per plant and 6 and 9 days irrigation
intervals. A significant correlation has been established by [2] between bell pepper yield and yield
components like number of fruit per plant and leaf number. Therefore any agronomical practices that
are having effect on leaf number may eventually affect the yield of bell pepper.

Table 1b: Growth Parameters of Bell Pepper.

Treatments  Leaf Area Index Average Fruit Number  Average Fruit Weight Pepper Yield (kg/m?)
(9)



Treatment Treatment Treatment Treatment Treatment Treatment Treatment Treatment

total mean total mean total mean total mean

Control 0.0313 0.0063 9.00 1.80 37.28 7.46 1102.22 220.44
Daily 0.0377 0.0075 49.00 9.80 38.85 7.77 2580.35  516.07
irrigation

3 days 0.0375 0.0075 55.00 11.00 41.06 8.21 3093.74 618.75
interval

6 days 0.0384 0.0077 22.00 4.40 41.79 8.36 1191.26 238.25
interval

9 days 0.0241 0.0048 25.00 5.00 35.51 7.10 1222.71 244.54
interval

Total 0.1690 0.0068 160.0 6.40 194.49 7.78 9190.28 367.61

162

163  Table 2: Analysis of Variance (RCBD) of Stem Diameter

Source of Degree of  Sum of Mean Computed  Tabular F
Variation Freedom  Squares  Square F T 5%
Replication (r) 4 0.0165 0.00413
Treatment (t) 4 0.1950 0.04875 16.14* 3.01
Error 16 0.0483 0.00302
Total 24 0.2598

164 * Significant at 5% level

165 It can be seen from Table 1b that plot with 3 days irrigation interval thrives better with respect to fruit
166 number and fruit weight than other plots with different irrigation intervals though closely followed by
167 plot with daily irrigation interval. In all the yield parameters from the table 1b, expectedly, minimum
168  values were recorded from control plot and the plot with 6 days irrigation interval. Statistics (p<0.05)
169 shows that the irrigation interval at daily and 3 days irrigation interval have significant effects on fruit
170 number per plant and yield but shows no significant relationship between the yield parameters and
171 irrigation intervals of 6 and 9 days (Table 3).

180  Table 3: Comparison between Mean Crop Parameters of Control Plot and Four irrigation
181  Treatments, Using the LSD Test



Treatments  Stem diameter (cm) Stem height (cm) Leaf Number Peppezr Yield Fruit Number/plant
(kg/m®)
Mean Deviation Mean Deviation Mean Deviation Mean Deviatio Mean Deviation
stem from stem  from Leaf from Pepper n from Fruit from
diameter  control height control Numbe  control Yield control Number  control
Control 04732 - 35.74 - 7380 - 220.44 - 1.80 -
Daily 0.7038  0.2306" 4349  736™ 1886  114.8* 51607 20563 0 8.00
irrigation
3 days 07126 02394" 4406  920¢ 1524 786 618.75  398.31* 100 9.20*
interval
6 days 0.6728 01996 4534  461™ 1234  496™ 23825 17.31™ 440 2.60™
interval
9 days 06090  0.1358" 4100  526™ 1186 448" 24454 2410 200 3.20*
interval
182  * Significant at 5% confidence level, ns- Not significant at 5% confidence level
183
184  Table 4: Analysis of Variance (RCBD) of Plant Height
Source of Degree of Sum of Mean  Computed Tabular F
Variation Freedom Squares Square F 5%
Replication (r) 4 131.095 32.77
Treatment (t) 4 240.954 60.24 1.97™ 3.01
Error 16 488.076 30.51
Total 24 860.125
185 ns - Not significant at 95% Confidence Level
186 Generally analysis of variance (p<0.05) shows that the interval of irrigation tested in this research has
187  significant effect on fruit number and the general yield (Table 5 and Table 7) but shows no significant
188  effect on leaf area of bell pepper, Table 6.
189  Table 5: Analysis of Variance (RCBD) of Number of fruits per plant
Source of Degree Sum of Mean  Computed Tabular F
Variation of Squares Square
Freedom F 5%
Replication (r) 4 26.00 6.50
Treatment (t) 4 299.2 74.80 17.92* 3.01
Error 16 66.80 4175
Total 24 392.0
190 * Significant at 95% Confidence Level
191 The results obtained in this research agreed with the results of [1, 5, 16] for bell pepper. The
192 convergent conclusion of the researchers was that irrigation interval has significant effect on yield of
193 bell pepper but of no significant effect on stem height and number of branches per stem.
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Table 6: Analysis of Variance (RCB) of Leaf Area

Source of Degree of Sum of Mean  Computed Tabular F
Variation Freedom Squares  Square F T 5%
Replication (r) 4 187.03 46.76

Treatment (t) 4 227.80 56.95 2.54" 3.01

Error 16 358.37 22.40

Total 24 773.20

ns - Not significant at 95% Confidence Level

It was observed by [17] that total plant biomass increased with reducing the irrigation interval up to
5days, due to more nutrients uptake and higher photosynthesis rates. Irrigation is most important at
the time of flower and fruit production. The plants under water stressed conditions tends to shorten
their life span and try to complete their life cycle in haste which causes minimum flowering and fruiting
of plants with long irrigation interval. The results clearly indicated those treatments other than daily and
3days of intervals caused more stress to the plants which lead to the reduction in plant height, number
of leaves, leaf area and less production of chlorophyll.

Table 7: Analysis of Variance (RCBD) of Fruit Yield

Source of Degree Sum of Mean Computed Tabular

Variation of Squares Square F F
Freedom 5%

Replication (r) 4 39619.34 9904.84

Treatment (t) 4 693238.61 173309.65 9.97* 3.01

Error 16 278282.50 17392.66

Total 24 3378449.86

* Significant at 95% Confidence Level
Effect of Irrigation Interval on Yield of Bell Pepper.

Yield is the most important component of plant performance under a set of growing conditions as any
physiological and agronomical parameters at a given stage of growth would be of use when its effect
is reflected on the yield of the crop. In this experiment, yield was defined as the weight of bell pepper
harvested from the plots at maturity in ton per hectare (ton/ha) as presented in Table 8.

Table 8: The Yield of Bell Pepper Harvested from the Experimental Plots.

Sample description Control Daily 3 days 6 days 9 days
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Irrigation interval interval interval

Weight of biggest fruit (g) 12.29 13.61 18.03 18.12 11.63
Z’i’;eter of biggest fruit 214 3.14 3.03 2.97 2.95
Length of biggest fruit (cm) 3.14 5.38 5.02 7.86 4.85
Weight of smallest fruit (g) 3.92 1.54 2.02 2.27 1.13
Diameter of smallest fruit 217 1.60 1.44 183 168
(cm)

Length of smallest fruit 513 230 205 196 338
(cm)

Total number of fruits 9 49 55 22 25
Total yield (kg/m?) 1.102 2.580 3.093 1.191 1.222
Total yield (ton/ha) 11.02 25.80 30.93 11.91 12.22

It can be seen from Table 8 that maximum yield of 30.93ton/ha was harvested from the plot with 3
days interval while the minimum vyields (11.02ton/ha and 11.91ton/ha) were recorded from control plot
and plot with 6 days irrigation interval respectively. This result is similar to the results obtained by
[2,16]. It was submitted by these researchers that for bell pepper to thrive well and have a good vyield,
the interval of irrigation must be between 2 days and four days.

CONCLUSION

This study established that irrigation intervals have effects on growth parameters and yield of bell
pepper. Parameters affected are stem diameter, leaf area and leaf area index but with little effects on
number of leaves and stem height. The results of the experiment also indicated that irrigation water
amount and frequency determine water use efficiency and final yield from bell pepper plot. Since
overall yield revealed that 3-day irrigation interval guaranteed optimum performance of bell pepper in
terms of yield. However, the experiment was carried out in an open environment where weather and
natural rainfall have some effects. It is therefore recommended that the same research be carried out
in a controlled environment (greenhouse) to be able to adequately ascertain the optimum irrigation
interval for bell pepper

REFERENCES

1. Dugo GV, Orgas F, Fereres E. Responses of pepper to deficit irrigation for paprika
production. Scientia Horti.2007; 114: 77-82.

2. Bekele S, Tilahun, K. Regulated Deficit irrigation scheduling of Capsicum in a semi-arid
region of Ethiopian. Agricultural Water Management. 2007; 89: 148 -152.

3. Okesusi WT, Olorunwa F. Experimental Determination of growth and Yield Response of
Bell pepper to Irrigation with Diary Wastewater. Nig. J. Tech.Dev.2006; 6(3): 56-65.

4. Gadissa T, Chemeda D. Effects of drip irrigation levels and planting methods on yield and
yield components of green pepper in Bako, Ethiopia. Agricultural Water Management. 2009;
96: 1673-1678.

5. Olalla MS, Padilla AD, Lopez R. Production and quality of the onion crop cultivated under
controlled deficit irrigation conditions in a semi-arid climate. Agricultural water Management.
2004; 68: 77-89.



252
253

254
255
256

257
258
259

260
261
262
263

264
265
266

267
268
269

270
271
272

273
274

275
276

277
278
279
280
281
282

283
284
285
286

287
288
289
290

6. Channabasavanna AS, Setty RA. (2000): Effect of different irrigation intervals on sweet
pepper. J. South-Indian-Hort. Sci. 2000; 39(5): 286 — 294.

7. Ertek A, Sensory S, Gedik I, Kucukyumuk C. (2007): Irrigation Scheduling for Green
Pepper Grown in field Conditions by Using Class-A Pan Evaporation values. Ame.-Eurasian
J. Agric. Env. Sci. 2007; 2 (4): 249 — 358.

8. Costa DI, Gianginto G. Water stress and water table depth influence yield, water use
efficiency, and nitrogen recovery in bell pepper: lysimeter studies. Aus. J. Agric. Res. 2002;
53(2): 201-210.

9. Jaimez RE, Vielma O, Rada F, Nunez GC. Effects of water deficit on the dynamics of
flowering and fruit production in capsicum Chinese Jacq in a tropical semiarid region of
Venezuela. J. Agron. Crop Sci. 2000; 185: 113-119.

10. Haruna |, Oladiran JA. Effect of Flood Irrigation on Fruit size, colour and Seed Quality of
Bell Pepper. J. Agric. Tech. 2002; 3(2): 78-87.

11. Palada MC, Cole WM, Crossman MAS. Influence of effluents from intensive aquaculture
and sludge on growth and yield of bell peppers. J. Sus. Agric. 2008; 14 (4), 85 — 103.

12. Salaudeen MA, Oladokun JD. Response of bell pepper variety to check basin irrigation
system in arid zone. Nig. J. Tech. Dev. Res. 2008; (7(2), 119-126.

13. Nigerian Meteorological Agency (NIMET). Quarterly Whether Report For North Central
Nigeria. NIMET, 2009. Abuja. Pp. 46.

14. Gomez KA, Gomez AA. Statistical Procedures for Agricultural Research, Los Banos,
Philippines. 1983; Pp. 188 — 192.

15. Sezen SM, Yazar A, Eker S. Effect of drip irrigation regimes on yield and quality of field
grown bell pepper. Agricultural Water Management. 2006; 81: 115-131.

16. Anthony E, Singandhupe RB. Impact of drip and surface irrigation on growth, yield and
WUE of capsicum. Agricultural Water Management 2004; 65:121-132.

17. Pascale DS, Ruggiero C, Berbieri G. Physiological responses of bell pepper to salinity
and drought. J. Am. Soc. Hort. Sci. 2003; 128 (1):48 — 54.



