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Abstract

A better water management is essential to obtain higher yield and increase irrigation use efficiency (IUE). We investigated the
optimum fertigation requirement of chilli based on different crop evapotranspiration (ETc 100, 125, 150 and 200) and two
different crop coefficients [single crop coefficient (single-Kc) and dual crop coefficient (dual-Kc)] in the tropical climate.
According to the experimental results, chilli water requirement (ETc) using single-Kc and dual-Kc were 214 mm and 324 mm,
respectively during the growing period. The results showed that total leaf area and dry weights of plant were significantly
affected by different levels of fertigation and crop coefficients. Higher total leaf area was obtained from the higher level of
fertigation and dual-Kc. Dry weights of plant (leaf, stem and root) decreased in lower levels of fertigation with single-Kc.
However, no significant difference was observed by levels of fertigation and crop coefficient for root to shoot ratio. Significant
differences for the interaction between different levels of fertigation and crop coefficients were found for photosynthetic rate
(Pn), stomatal conductance (gs), transpiration rate (E) and relative chlorophyll content. Except maximum quantum yield of
PSII (Fv/IFm), no significant difference was observed by interaction between different levels of fertigation and crop
coefficients. The fresh fruit yield and IUE values in this study showed that there were significant differences for the interaction
between different levels of fertigation and crop coefficients. The combination treatment 200ET, with dual-K. enhanced P, gs
and produced significantly higher fresh fruit yield. Thus, the findings of this study revealed that chilli grown in soilless culture
could be fertigated with 200ET, using dual-K approach in tropical region for better plant growth, physiological activities and
yield. © 2015 Friends Science Publishers
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al.,, 2013). In Malaysia, local growers use fertigation in
soilless culture system using drip irrigation. However, due
to lack of appropriate recommendation, local growers
usually tend to overwater their plants which leads to
decrease both water and fertigation use efficiency.

Introduction

Chilli (Capsicum annumm L.) belongs to the family
Solanaceae is one of the most important vegetable as well as
spice crops of tropical regions around the world (Basu and

De, 2003). According to FAOSTAT (2011), the total
harvested area of chilli in the world was 1897946 ha and in
Malaysia the area was about 2986 ha. The total
requirements of chilli in Malaysia reached up to 50 thousand
tons per year and due to insufficient national production, the
country need to expend a considerable amount of currency
to import chilli from neighboring countries. However, the
average chilli productivity in Malaysia is still very low and
it is necessary to increase both cultivation techniques as well
as crop productivity to achieve desirable production.
Fertigation system where both water and fertilizers are
applied together is a common technique for horticultural
crop production (Rekha and Mahavishnan, 2008; Igbal et

Therefore, calculation of fertigation requirement using crop
evapotranspiration (ET.) approach could be a useful method
to improve both water and fertigation use efficiency.
Mostafazadeh-Fard et al. (2009) reported the first
measurement of chilli crop coefficient (K. which was
valued of 0.3 at initial, 1.05 at middle and 0.9 at late growth
stage. Similar findings were also reported by Miranda et al.
(2006) in C. frutescence grown in tropical region. Owusu-
Sekyere et al. (2010) found that value of K, in hot pepper
were 0.47, 0.86, 1.42 and 0.9 for initial, development,
middle and late growth stages, respectively and average
ET. during the growth stages was 587.48 mm. Single-K is
crop coefficient that is influenced by evaporation and
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transpiration  (Allen, 2000). Dual-K. separates the
evapotranspiration into evaporation and transpiration (Allen
et al., 1998). However, estimation of crop evapo-
transpiration using single-K, is more simple and reasonable
(Abyaneh et al., 2011) compared with dual-K.. The K, of
barley, wheat, maize and garlic has been documented by
different authors (Allen et al., 1998; Abyaneh et al., 2011,
Shahrokhnia and Sepaskhah, 2013).

Chilli is highly sensitive to water stress (Shao et al.,
2010). Water stress causes reduction of yield by regulating
different physiological, biochemical and morphological
changes. Previously, Moreno et al. (2003) reported that
water deficit reduce dry matter accumulation and leaf area
in chilli. Reduced stomatal conductance and photosynthetic
rate were observed in wheat under water deficit condition
(Wu and Bao, 2011). Reduction of photosynthesis was
directly related to the reduction in growth of sunflower
(Athar and Ashraf, 2005). Stomatal closure decreases CO,
assimilation which results to the impairment of
photochemical activity at photosystem Il (PSII) and electron
requirement for photosynthesis, leading to an over
excitation and subsequent photoinhibitory damage of PSlI
reaction centers (Souza et al., 2004). Assessment of the
integrity of photosystem 1l (PSIl) upon exposure to water
deficit could be measured using chlorophyll fluorescence
(Shabala, 2002).

Total fresh fruit weight of chilli significantly reduced
when plants exposed to continuous water stress. Dalla Costa
and Gianquinto (2002) reported that the highest yield was
obtained for 120% ET, and the lowest at 40% ET. in bell
pepper grown in lysimeter. Jaimez et al. (2000) found that
chilli was very much susceptible to water deficit especially
during the period of flowering and fruit development.
Therefore, irrigation must be applied at optimum level to
avoid plants stress and reduction in yield. Although, various
values of chilli K. in various conditions were documented,
but there is lack of information to determine water
requirement and K, for chilli production in tropical region.
Malaysia is located in tropical climate and no previous
report was found for optimum water requirement of chilli
using single-K. and dual-K. and their effect on growth,
physiological responses. Therefore, objectives of this study
were to determine the best level of fertigation with single-K.
and dual-K. and to examine the effect of different level of
fertigation on growth, yield, physiological aspect and IUE
of chilli grown in soilless culture.

Materials and Methods
Experimental Conditions and Plant Material

This experiment was conducted on February to May 2011
under a rain shelter at the Institute of Tropical Agriculture
Protected Complex, University’s Technology Park,
Universiti Putra Malaysia. The climate of this study area is
tropics. The mean daily temperature and minimum relative
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humidity ranged from 28.22°C and 84.68%, respectively
(Fig. 1), with 3.92 mm evaporation and 0.54 ms™ of wind
speed under a rain shelter. The C. annuum var ‘Kulai’ was
selected for this study. Seed of chilli obtained from Soon
Huat Seeds Co. Sdn. Bhd., Pulau Pinang, Malaysia were
germinated in 25 mm seed trays filled with peat soil as
germinating medium. Young plants with four to five leaves
were selected after four weeks of germination and
transplanted into 20 x 20 cm UV white polybags containing
coconut dust: empty fruit bunches compost (EFB), 3:1 (V/v).
The EFB compost was purchased from Asia Green
Environmental Sdn. Bhd. consisting of 1.5-2.0% nitrogen
(N), 0.2-1.0% phosphorus (P,Os), 1.0-3.0% potassium
(K;0), 0.4-1.0% magnesium (MgO), 5.0-7.0% humic acid
and 25.0-50.0% organic matter plus trace elements.

Treatments

The research was carried out with factorial combination of
four levels of fertigation (100, 125, 150, 200%) based on
crop evapotranspiration (ET.) and two different crop
coefficients (single-K; and dual-K.). Fertigation was given
manually using Cooper formulation (Cooper, 1976) consists
of N (200 mg L™), P (60 mg L™), K (300 mg L™), Ca (170
mg L™), Mg (50 mg L™), Fe (12 mg L), Mn (2 mg L), B
(1.5mg L%, Zn (0.1 mg L™, Cu (0.1 mg L™) and Mo (0.2
mg L™). The EC and pH of nutrient solution in the tank
were regularly monitored using a portable conductivity
meter and a portable pH meter. Fertigation requirement was
calculated according to Allen et al. (1998).

ET, = K.K_E,.n

Where, ET, is the crop evapotransporation (mm) and
K. is the crop coefficient, which depend on crop growth
stage. Single-K. values were obtained from the FAO-56
paper which was 0.3, 0.6, 0.95, 0.85 and 0.8 for initial, crop
development, mid season, late season and at harvest stage of
the growing period, respectively. These values are suitable
under high humidity (RH min > 70%) and low wind speed
(U<5ms?). The K, is the pan coefficient and E pan is the
Class A pan evaporation (mm). Class A pan evaporation
was situated under rain shelter. The K value was estimated
to be 1.0 (Blanco and Folegatti, 2003). However, for
treatment with dual-K¢, a similar equation for ET, as above
equation was used but with different K values, K. for dual-
K. was calculated following the model of Allen et al.
(1998).

Kc = ch + Ks

Where, K. is crop coefficient for evapotranspiration,
Ky represents basal crop coefficient to describe plant
transpiration and K, soil water coefficient for evaporation.

Basal Crop Coefficient (K,)

Determination of K, was required to calculate the K values
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for different growth stages. Calculation of basal K. for chilli
pepper at the middle of the four growth stages were as
follows:

Initial stage (L ini = 25 days), at day 12 of the growing
period:

K, =K

ch ini
Crop development stage (L ¢ = 35 days), at day
(25+35/2=) 42 of the growing period,

Kp=K.; =K, prev + [(I' - L-prsz:j/Lsrﬂgs ](Kc nexe — K 'prsv)
K_, = 0.3 + [(42 — 25)/35] (0.95 — 0.3) = 0.62

Where, i mean day number within the growing season
[L.length of the growing season]; K. ; represent crop
coefficient on day i; Lgage ShOWing length of the stage under
consideration [days]; whereas X(L,.,) mean sum of the
lengths of all previous stages [days], mid season stage (L miq
=40 days), at day (25+35+40/2=) 80 of the growing period:
K,=K =0.95

ch mid
K., =K, (tab) + [0.04(u, — 2) — 0.004(RH,,;, — 45)](h/3)*"3

K,, = 0.95 4 [0.04(0.58 — 2) — 0.004(81.07 — 45)](0.5/3)%% = 0.83

Late season stage (L x4 = 20 days), at day
(25+35+40+20/2=) 110 of the growing period:
K,=K =0.85

ch late
K,, =085 +[0.04(0.58 — 2) — 0.004(81.07 — 45)](1.0/3)*" = 0.71

The basal K., K¢, at 12, 42, 80, and 110 of the growing
period were 0.3, 0.62, 0.83 and 0.71, respectively.

For values of K¢, at the middle and end stages larger
than 0.45, the following relationship holds:

K., = K_(tab) + [0.04(u, — 2) — 0.004(RH,,;, — 45](h/3)""

Where, u, is wind speed (m/s), RHyi, mean relative
humidity (%), h is mean plant height during the mid or end
stage (m). Values of K, and K¢ were determined from:

ch = Kc prav + [I’ - L*prav‘f{"smgs] (Kc next Kc 'prsvj

Where, prev and next stands for previous and next
values of the listed parameters, respectively.

L swge Mean length of the stage (days), L pe mean sum
of length of all previous stages (days).

Soil Evaporation Coefficient (K)

Since evaporation from the soil occurs at a maximum rate
when the soil is wet, the K evaluated as the sum of K, and
K. can never exceed the maximum value. Thus, its value is
determined by the energy available for evapotranspiration at
the soil surface, that is:

- chj

KE = K?"[:KE ™Mox
Where, K¢ is soil evaporation coefficient; K, represent
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basal coefficient, K. max Means maximum value of K.
following irrigation, and K, is dimensionless evaporation
reduction coefficient dependent on the cumulative depth of
water depleted (evaporated) from the top soil.

The procedure for estimating K. involves the
determination of the upper limit K yax, that is:
K, mae = max ({1.1+ [0.04(u, — 2) — 0.004(RH,,,, — 45)1(h/3)*}, (X ,0.05]

H: mean maximum plant height during the period of
calculation (initial, development, mid season or late season)
[m], K,y is basal crop coefficient, max () maximum value of
the parameters in braces { } that are separated by the
Comma. After all values (K., and K,) were determined, and
ET. was calculated as follows:

ET:: = [ch + KEI:]ETEK,!J

Fertigation amounts applied to the rest of the
treatments were increased stepwise by 125, 150 and 200%
of fertigation applied to the 100% ET, treatment for both
crop coefficients. Meanwhile, the fertigation frequency of
all treatments was done two times a day at 08:30 and
16:30 h.

References  of and

Evapotranspiration

Evapotranspiration Crop

Evapotranspiration (ET,) was measured daily using pan
evaporation, while ET. for single-K. and dual-K; was
determined daily according to Allen et al. (1998).

Vegetative Growth

Plant growth measurement consists of total leaf area was
measured at 95 days after transplanting (DAT). Four plants
per treatment were harvested to estimate the total leaf area at
the end of the growing period (95 DAT) using leaf area
meter (LI1-3100 Area Meter; LI-COR. Inc., Lincoln, NE,
USA).

Dry Matter Production and Partitioning

Four plants were harvested from each treatment at the end
of the experiment (95 DAT) and partitioned into roots,
stems and leaves before oven-dried at 75°C to a constant
mass to determine dry weights of the individual plant parts.
The root to shoot ratios was calculated using following
formula (Hunt, 1978). Root to shoot ratio = (Total Root
Dry Weight/Total Shoot Dry Weight)

Photosynthetic Rate, Stomatal Conductance,
Transpiration Rate, Relative Chlorophyll Content and
Maximum Quantum Yield of PSII

Photosynthetic rate (P,), stomatal conductance (gs) and
transpiration rate (E) were measured on well developed and
exposed leaves (fourth leaf from the tips) between 09:00 to
10:00 h with a photosynthesis portable system (LI1-6400xt,
LI-COR, Lincoln, NE, USA). Data were recorded at day-80



Optimum Fertigation Requirement for Chili Grown in Soilless Culture / Int. J. Agric. Biol., Vol. 17, No. 1, 2015

after transplanting. Four readings were recorded for each
treatment. The maximum quantum vyield of PSII (Fv/Fm)
on the leaf surface of fully expanded leaves at the top
shoots were recorded after exposing the leaves to
darkness for 10 min using a Portable Fluorescence
Spectrometer Handy PEA (Plant Efficiency Analyzer
Meter; Hansatech Instrument, Norfolk, UK). Data were
collected between 10:00 — 11:00h at 80 DAT. Relative
chlorophyll content was measured using a chlorophyll
meter (SPAD Minolta 502) at 80 DAT. The data were
collected between 10:00 — 11:00 h on fully expanded
leaves of the top-most shoot.

Crop Yield and Irrigation Use Efficiency

Chilli was harvested when the color turns from green to
intermediate reddish. Fruits were collected when the first
fruit started to change from green to intermediate reddish
until the fruits at the end of the experiment (95 DAT). Total
fresh weight of all harvested fruits in each treatment was
weighed using an electronic balance. Irrigation use
efficiency (IUE) was estimated by following formula
reported by Zegbe-Dominguez et al. (2003).

Yield (g)

Total velume of nutrient solution (L)

IUE =

Where, yield refers to the total of fresh fruit mass per
plant and total volume of nutrient solution applied refers to
the total amount of nutrient solution applied during the
growing season per plant.

Statistical Analysis

The experimental design was a randomized complete block
design with four replications. All data were analysed using
the Statistical Analysis System (SAS) version 9.0. Duncan’s
Multiple Range Test (DMRT) at P<0.05 was used to test for
significant differences between treatments means.

Results
Crop Evapotranspiration and Crop Coefficient

Results showed that total ETo for chilli was 353 mm, while
total ETc for single-Kc and ETc for dual-Kc were 214 and
324 mm, respectively (Fig. 2). Crop evapotranspiration with
dual-Kc was lower up to 21 DAT due to low evaporation of
water and the value gradually increased after 22 DAT (Fig.
2). Peak ETc was reached at around 56 DAT due to rapid
canopy growth and high temperature during that period.
However, ETc declined at later growth phases. On the other
hand, ETc with single-Kc started with a very low rate at
early transplanting stage but gradually increased 32 DAT.
Crop evapotranspiration rate with single-Kc rapidly
increased after 56 DAT. Crop evapotranspiration with
single-Kc  subsequently decreased gradually during
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Fig. 1: Mean temperature and relative humidity recorded
throughout the planting season [temperature (°C) - solid
line; relative humidity (%) - dashed line]
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Fig. 2: Cumulative ET for single and dual crop coefficients
and reference evapotranspiration during the growing
season [Accumulated ET for single (o) and dual crop
coefficient (A); reference evapotranspiration (m)]. Bars
indicate standard error.
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Fig. 3: Dual crop coefficient calculated with standard FAO
approach (Allen et al., 1998). [Symbol represents: A, basal
crop coefficient (Kg,) FAO 56, solid line; crop coefficient
(K. FAO 56 = Ky, + K;) and dotted line; substrate
evaporation coefficient (K¢)]
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maturity. Total ETc for dual-Kc throughout the season was
324 mm, while the total ETc for single-Kc was 214 mm.
The results indicated a remarkable difference in the rate of
ETc between the single and dual crop coefficients in this
study. The dual-Kc approach separated crop transpiration
(basal Kcb) from evaporation from the substrate (Ke) (Fig.
3). Maximal Ke values were reached during the initial phase
in the beginning of the development stage, when the ground
cover was minimal. Later, as the canopy increased, the Kcb
values increased rapidly. The Ke values decreased to the
minimum during the middle and late stages, when full cover
was reached. The dual-Kc component during the entire crop
cycle was obtained by multiplying the Ke and Kcb values
obtained. Values of dual-Kc were almost constant for the
entire growth period.

Changes in Total Leaf Area

The fertigation levels and crop coefficients affected the total
leaf area of Kulai Chillies (Table 1). Higher total leaf area
was obtained when plants were grown under higher
fertigation level. The total leaf area has been identified 40%
higher in the 200% ETc than in that of 100% ETc.
Meanwhile, total leaf area was found 19% higher in the
dual-Kc in contrast to single-Kc.

Dry Matter Partitioning

There was significant effect of fertigation levels at all plant
parts (Table 2). Dry matter partitioning into the leaf was
significantly affected by the levels of fertigation. The leaf
dry weight was increased with increase in fertigation level
and it reached at maximum value with 200% ETc (Table 2).
On the other hand, 100% ETc resulted in the lowest values
of leaves, stem, roots and total dry mass. There were
significant effect of crop coefficients on the stem, root dry
weights and total dry mass of plants. The dual-Kc resulted
in the highest values of stem, roots and total dry mass.
However, the differences between treatments for both
factors were not significant for root to shoot ratio.

Photosynthetic Rate, Stomatal Conductance,
Transpiration Rate, Relative Chlorophyll Content and
Maximum Quantum Yield of PSII

At 80 DAT, interaction between these experimental
factors was significant (P < 0.05) for Pn, gs, E and
relative chlorophyll content (Table 3). The Pn and gs
were higher in plants imposed with 200% ETc dual-Kc
approach. Transpiration rate (E) was observed higher in
plants subjected to 150% ETc dual-Kc approach. On the
Fv/Fm values, the effect of fertigation levels were found
significant (P < 0.05), while those of crop coefficients
insignificant and no interactions were noted (Table 4).
High levels of fertigation enhanced Fv/Fm values at 80
DAT and there were no significant differences in Fv/Fm
value between 125, 150 and 200% ETc. Increase levels of
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Table 1: Total leaf area of chilli plants as affected by
fertigation levels and crop coefficient

Treatment Total leaf area
Fertigation level (F) cm’
100 3150.8 b
125 3305.0b
150 42533 a
200 44020a
Crop coefficient (K¢)

Single-K¢ 34543b
Dual-K¢ 41013 a
Fertigation level (F) *
Crop coefficient (K¢) *
FxKc¢ ns
CV 11.42

CV = coefficient of variation, ns = not significant and * = significant.
For each source of variation, means followed by the same letters in the
column do not differ (P < 0.05)

fertigation at 200% ETc dual-Kc and 150% ETc dual-Kc
caused reduction of 7.4% and 5.9% in relative
chlorophyll content as compared to 100% ETc dual-Kc,
respectively.

Fresh Fruit Yield, Irrigation Use Efficiency and Amount
of Nutrient Solution Applied

On the fresh fruit yield and IUE, interactions between
different levels of fertigation and crop coefficients (P<
0.05) have been found (Table 5). Combination treatment
from 200% ETc dual-Kc obtained the higher fresh fruit
yield than in other treatment combination. However,
values of IUE from treatment combination between
100% ETc dual-Kc and 200% ETc dual-Kc were not
different.

Discussion

In the present study, the total ET, (353 mm) obtained was
less than the range reported by Orgaz et al. (2005) for chilli
which varied from 407 to 445 mm. It is because the
different values of ET, depend on the region and the climate
(Doorenbos and Kassam, 1979). Cumulative ET, for dual-
K. method was greater than ET, for single-K. with total ET,
values of 324 and 214 mm, respectively and it was similar
to the results reported by Majnooni-Heris et al. (2007) on
maize crop. They revealed that seasonal total ET, estimated
by the dual-K. methods was greater than those estimated by
the single-K, method with values of 78 and 68 mm during
two crop growing seasons.

In the present study, plant growth characteristic as
well as total leaf area significantly increased with higher
level of fertigation and dual-K.. This indicates that the
growth characters of chilli were improved as a result of
increase in the amount of water and nutrient applied.
Similar findings have been reported by Hassan and Ali
(2014) for Coriandrum sativum, where growth characters of
coriander were enhanced as a result of increase in the
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Table 2: Effects of treatment on dry matter partitioning of chilli plants

Treatment Leaf dry weight Stem dry weight Root dry weight Total dry mass Root to shoot
(g plant™) (g plant™) (g plant™) (g plant™) (ratio)
Fertigation level (F)
100 24.19b 27.48hb 529b 56.96 ¢ 0.098a
125 2467b 32.18a 545b 62.29 bc 0.098 a
150 28.06 ab 34.70a 7.09a 69.84 ab 0.095a
200 3121a 3551a 7.82a 7454 a 0.100a
Crop coefficient (K¢)
Single-K¢ 25.76 a 29.14b 5.85b 60.76 b 0.099a
Dual-K, 28.30a 35.79a 6.97a 71.05a 0.096 a
Fertigation level (F) * * * * ns
Crop coefficient (K¢) ns * * * ns
FxKc ns ns ns ns ns
CcV 14.10 13.32 14.46 11.05 6.75

CV = coefficient of variation, ns = not significant and * = significant. For each source of variation, means followed by the same letters in the column

do not differ (P < 0.05)
Table 3: Photosynthethic rate (Pn), stomatal conductance

(gn), transpiration rate (E) and relative chlorophyll
content in different levels of fertigation and crop
coefficients

Fertigation level (F) Crop coefficient (K¢)

Single-K¢ Dual-K,

Photosynthethic rate (umol m?s?)
100 12.02Bd 14.86 Ad umu
125 15.18 Bc 17.44 Ac fertlgatlon
150 17.54 Ab 18.23 Ab
200 19.25Ba 20.63 Aa
Cv=2.43

Stomatal conductance (mmol m?s™)
100 172.25 Bd 205.25 Ad
125 219.00 Bc 309.00 Ac
150 407.25 Ab 383.25 Ab
200 450.25 Ba 577.50 Aa
Cv=2.83
Transpiration rate (umol m?s™)
100 414 Bc 7.67 Ac
125 6.51 Bb 7.94 Ab
150 7.48 Ba 8.15 Aa
200 7.37Ba 7.79 Abc
Cv=1.79
Relative chlorophyll content (SPAD unit)

100 54.20 Aa 54.90 Aa
125 54.30 Aa 49.18 Bb
150 54.75 Aa 50.83 Bb
200 54.08 Aa 51.65 Bb
CV=2.89

K. = crop coefficient and CV = coefficient of variation. Means followed
by the small letters in the column and the same capital letters in the row do
not differ (P < 0.05)

amount of irrigation water applied. This suggests more
water and nutrient supply increased leaf area surface
perhaps more leaves number and higher rate of leaf
emergence. On the other hand, the growth reduction might
be considered as a plant morphological adaptation to deficit
irrigation to reduce transpiration and to induce a lower
consumption of water (Banon et al., 2003). The decrease in
turgidity is one of the first signs of water shortage that
causes a decrease in both growth and cell development,
especially in the stem and leaves. The most important
process that is affected by water deficit is the growth of
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cells, which leads to decrease leaf area.

Higher levels of fertigation increased total dry mass
and dry matter accumulation in the leaves, stem and roots;
therefore, increase plant growth. Similar to the response of
leaf area, dry matter accumulation and total dry mass were
improved as a result of increase in the amount of water and
nutrient applied. However, reduction in dry matter
accumulation in plant parts and total dry mass with lower
level could be resulted in reduced of
photosynthesis and leaf area development (Chartzoulakis et
al.,, 1993; Khalid, 2006). Water is an important factor
affecting plant growth. When the water content of the plant
decreases, it leads the cells to shrink and the cell walls relax
which results in lower turgor pressure and the subsequent
concentration of solutes in the cells as well as cell
expansion. Plants with smaller leaf area were tend to
transpire less water to minimize water loss and reduce gas
exchange surface, which effect biomass accumulation of
plants (Taiz and Zeiger, 2002; Zewdie et al., 2007).

Ngugi et al. (2003) reported that development of a
deep and extensive root system that can absorb water from a
large volume of soil is an important adaptation to water
deficit conditions. It has been suggested that this trait is
genetically determined and is little modified by
environmental conditions (Farrell et al., 1996). However,
the present results did not support this trend. There was no
significant difference in root to shoot ratio between
fertigation levels. This indicates that allocation of dry mass
towards shoot and root parts was balanced even under lower
water and nutrients condition. No variation in root to shoot
ratio in different levels of fertigation might be associated to
the similar degree of osmotic adjustment in the root and leaf
cells. Sobrado and Turner (1986) reported that water stress
did not affect the root to shoot ratio in the wild sunflower
Helianthus petiolaris and in the cultivated sunflower
Helianthus annuus grown under controlled conditions in the
glasshouse. However, Liu and Stiitzel (2004) found root
drymass ratio was increased in amaranth in a temperature-
controlled greenhouse under drought stress.

In the present study, dual-K. approach increased the
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Table 4: Maximum quantum yield of PSII (F,/F,) in
different levels of fertigation and crop coefficients

Fertigation level (F) Crop coefficient (Kc)

Single-K¢ Dual-K¢ Av

Quantum yield of PSII (F/Fr)

100 0.74 0.71 0.73b
125 0.76 0.77 0.76a
150 0.77 0.78 0.78a
200 0.78 0.78 0.78a
Av 0.76 A 0.76 A
CV=2.73

K. = crop coefficient and CV = coefficient of variation. Means followed by
the small letters in the column and the same capital letters in the row do not
differ (P < 0.05)

Table 5: Yield and irrigation use efficiency of chilli plants
in different levels of fertigation and crop coefficients

Fertigation level (F) Fresh fruit weight (g plant™)

Crop coefficient (K¢)
Single-K¢ Dual-K¢
100 340.17 Bc 466.8 Ac
125 408.72 Abc 422.12 Ac
150 448.00 Bb 655.86 Ab
200 552.39 Ba 825.12 Aa
Fertigation level (F) Irrigation use efficiency (g L™)
Crop coefficient (K¢)
Single-K, Dual-K,
100 11.02 Aa 12.07 Aa
125 10.66 Aab 8.75Bb
150 9.75 Aab 11.11 Aa
200 9.10 Bb 10.96 Aa

CV = 10.43 for fresh fruit weight, CV = 9.61 for irrigation use efficiency.
K. = crop coefficient and CV = coefficient of variation. Means followed by
the small letters in the column and the same capital letters in the row do not
differ (P < 0.05)

dry matter partitioning in stem and root as well as plant
dry mass presumably due to higher total ET, (324 mm)
compared to single-K. approach (214 mm). Increased dry
matter partitioning in dual-K; approach was the
influences of optimum amount of water and nutrient
solution applied to the plants. Therefore, it promoted
better allocation of dry matter to stem, root and other plant
parts. Dual crop coefficient approach is associated to values
of soil evaporation (K.) and basal crop coefficient (Kg);
where K, is affected by the irrigation strategy, canopy
coverage and local weather condition and K¢, coefficient is
influenced by crop variety, crop coverage, cultivation
pattern and climatic condition (Shahrokhnia and
Sepaskhah, 2013).

Fertigation levels showed significant effect on the g
and P, when plants were fertigated using dual crop
coefficient. With 200% ET, dual-K. approach resulted in
higher gs then other combination treatments at 80 DAT.
This can be concluded that the P, and gs were improved as
results of increasing amount of water and nutrient applied.
The high gs values favoured P, and resulted in higher daily
carbon gain. However, higher gs from 200% ET,. dual-K,
did not lead to a higher E. In contrast, 150% ET, dual-K,
approach resulted to high E. These results indicated that,

86

those plants in 200% ET,. dual-K. were demanding low
water consumption than that in 150% ET, dual-K.. Results
showed that responses of g, and E to the fertigation levels
and crop coefficient were not similar. However, the
combination treatment at low fertigation levels for both crop
coefficients (100% ET, single-K. and 100% ET, dual-Ky)
resulted in lower P,, gs and E. This suggests that the
reduction of P, in water and nutrient deficit plants may be
ascribed mainly to the reduced CO, supply due to stomata
closure. One of the earliest responses to water deficit is
stomatal closure. Stomatal closure allows plants to limit
transpiration, but it also limits CO, absorption which leads
to a decreased photosynthetic activity (Nayyar and Gupta,
2006; Yang et al., 2006). Tezara et al. (2002) also reported
that reduced E decrease gs, which limits photosynthesis.

In this study, plant receiving combination treatment at
higher levels of fertigation and dual-K. approach obtained
lower relative chlorophyll content. These results are
presumably due to the reason that higher amount of water
and nutrients resulted in reduction of chlorophyll density.
On the other hand, increase in relative chlorophyll content
with the combination of treatment (100, 125, 150% ET, for
single-K; and 100% ET, and dual-K.) was attributed to the
decreased amounts of water and nutrient applied to the
treatments. These results indicate that the decrease in water
and nutrient application, the higher will be the density of
relative chlorophyll content. These results were in
agreement with the findings of Arunyanark et al. (2008)
who reported that water stress increased chlorophyll density
and transpiration efficiency in peanut. Eventhough specific
leaf area was not measured in the study, the increase in
chlorophyll density is might be due to the thicker leaves of
plants that supplied with low amounts of water and nutrient
(lower specific leaf area) (Nageswara Rao and Wright,
1994), causing higher chlorophyll content per unit area.

In this study, the F./F,, values increased with higher
levels of fertigation values at 80 DAT. Meanwhile, crop
coefficent approaches did not affect the F./F, value at 80
DAT. These results indicated that high values of F,/F,, were
apparently associated with the high amount of water and
nutrients resulted to the enhancement of efficacy of PSII
photochemistry. It also showed that the activity of
photosynthetic apparatus were in a good physiological state
within the leaves. Reduction in maximal quantum of yield
of PSIl (F/F,) is an indicator of the degree of
photoinhibition (Kreslavski et al., 2008). The reduction of
FJ/F, with low fertigation levels presumably due to the
water and nutrient deficit may represents the protective
mechanism of light absorption (Araus et al., 1998), which
affects photosynthesis in a lower extent.

Several studies have documented that a reduction in
water supply during chilli growth have a negative effect on
final yield. To sustain high yields, plants need an adequate
water supply during the whole crop cycle (Dorji et al., 2005;
Sezen et al., 2006; Gonzalez-Dugo et al., 2007). In this
study, since levels of fertigation and crop coefficient
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affected the fresh fruit yield, plants received water and
nutrient from 200% ET, dual-K. were obtained higher fresh
fruit yield. It is mainly attributed to the higher amount of
water and nutrients supplied (Sensoy et al., 2007; Ertek et
al., 2004). The 200% ET, dual-K; and 100% ET, dual-K,
were observed unaffected for IUE (Table 5). The results
indicated that IUE for the production of fresh fruit yield was
not presumably associated with the amount of water and
nutrients applied. This result is inconsistent with the
findings of Kirmak et al. (2005) who reported that plants
receiving lower amounts of irrigation water had higher
irrigation water use efficiency. Therefore, with 200% ET.
dual-K. which considered higher yields and better IUE is
the best option of optimum fertigation levels for chilli
grown in soilless culture.

Conclusion

Levels of fertigation and crop coefficient affect plant
growth, dry matter partitioning and yield of chilli. Higher
levels of fertigation with dual-Kc approach increased total
leaf area, dry matter partitioning and yield in chilli. The
interaction between fertigation levels and crop coefficient
significantly affected the physiological responses, fruit yield
and IUE. The treatment comprising of 200% ETc with dual-
Kc significantly enhanced physiological characteristics such
as Pn, gs and fresh fruit yield thus showing the potential to
be used for chilli cultivation in soilless culture.
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