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Abstract. Water scarcity coupled with an increasing demand for water in agriculture
has forced farmers to amend their irrigation practices and water management strate-
gies. The proposed study was aimed at evaluating physiological and growth traits [pho-
tosynthesis rate, stomatal conductance (gs), chlorophyll content, leaf area, and fresh
weight| under three irrigation levels (50%, 75%, and 100% of field capacity) in five var-
ied textured soils (clay, clay loam, loam, sandy loam, and sandy). Response was evalu-
ated on two baby spinach (Spinacia oleracea L.) cultivars (Dash and Hellios). Regarding
physiological parameters, there were no interaction effects of deficit irrigation (DI) x
soil texture. Significant increase on growth parameters (chlorophyll content, leaf weight,
and leaf area) were observed under the interaction of 75% DI x sandy loam and loam
soils on both ‘Dash’ and ‘Hellios’ during Season 1. ‘Hellios’ was able to adapt to defi-
cit level of 75% during both growing seasons (summer and winter) under sandy loam
soils. The study indicated that 25% water can be saved under sandy loam and loam

soils when cultivating baby spinach during winter conditions.

Rapid population increases, economic gro-
wth, and urbanization have led to excessive
usage of fresh water globally, resulting in
decreased water availability per capita in most
developing countries (Asghar et al., 2019). In
South Africa, irrigation constitutes 60% of
water withdrawals, which is relatively higher
than other sectors, such as manufacturing
industries and municipalities (FAO, 2016).
Deficit irrigation scheduling in agriculture con-
serves scarce water resources, increases grower
profitability, and reduces environmental pollu-
tion (Nakawuka, 2013). Deficit irrigation is
defined as “an optimization strategy under
which plants are exposed to a certain level of
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water stress significantly affecting growth and
yield of plants” (Agbemafle et al., 2015). Sev-
eral studies indicated the efficacy of deficit irri-
gation in saving irrigation water and improving
plant water use efficiency (Nagaz et al., 2012;
Shammout et al., 2018; Yang et al., 2015).
Baby spinach (Spinacia oleracea L.) is
a leafy-green commodity plant considered
healthy and convenient for increasing con-
sumption of fresh produce (Kase et al.,
2012). Spinach refers to heterogeneous spe-
cies in diverse countries. Colloquial species
of spinach in South Africa are Swiss chard
(Beta vulgaris L.) and baby spinach (S. olera-
cia). Baby spinach can be consumed both
cooked and as fresh leaves in salads (Mudau
et al., 2015). Baby spinach is an extremely
nutritious vegetable because it provides core
nutrients, such as vitamins A, C, and K; min-
erals; calcium; potassium; and dietary fiber
(Ali et al., 2013; Zhang et al., 2014; Zikalala
et al., 2017). Production of baby spinach is
not prevalent in South Africa (Mudau et al.,
2017). Rambuda et al. (2018) indicated that
the demand for baby spinach exceeds the sup-
ply in retail stores; hence, South Africa has
become the net importer of baby spinach
from countries such as China and the United

States. However, Statistics South Africa (2002)
estimated production of baby spinach at +18,000
tons, with Limpopo Province being the largest
producer compared with the other eight provin-
ces (www.statssa.gov.za). Water and soil are
preharvest factors that influence plant growth,
quality, and yield of vegetable crops, including
baby spinach. However, water is becoming both
a scarce and crucial resource in most Sub-
Saharan African countries. Therefore, it is imper-
ative to explore innovative alternative measures
of water for irrigation purposes (Kgopa et al.,
2018).

Soils used for vegetable production differ
in chemical and physical properties. These
differences influence fertilizer and moisture
content, which in turn affects the growth of
vegetables (Makus and Lester, 2002). Soil
texture also plays a vital role in interactive
relationships between climate, soil, and vege-
tation, which are dependent on soil moisture
dynamics and corresponding vegetation water
stress (Fernandez-Illescas et al., 2001). Baby
spinach thrives in fertile, well-drained soils
rich in organic matter (Drost, 2010). Anwar
et al. (2017) indicated that baby spinach bio-
mass increased significantly without using
organic manure treatments, especially in
sandy loam. Sandy loam soils were preferred,
with a pH of 6.0-7.5, to avoid manganese
deficiency, which causes leaves to turn yel-
low (Taunya et al., 2012). Applying water
only when it is required by the plant and
applying it to the active root zone depth mini-
mizes water loss and use. However, different
soil textures have different rates at which
water drains from saturation, which could
negatively affect the growth, quality, and
yield of baby spinach (Kaur et al., 2020).
Therefore, it is imperative to establish condu-
cive deficit irrigation levels for planting baby
spinach, which will have a positive and inter-
active relation with soil texture.

Materials and Methods

Study area. The experiment was conducted
at University of Limpopo, South Africa (lat.
23°53'10” S, 29°44'15” E). The University of
Limpopo is located in a semiarid area in Lim-
popo Province (near Polokwane city), with
winter temperatures ranging from 16 to 18°C
(minimum) and from 20 to 30°C (maximum)
and summer temperatures ranging from 18 to
22 °C (minimum) and from 28 to 38 °C (maxi-
mum). Humidity ranges from 30% to 40%
(minimum) and from 85% to 95% (maximum)
(South African Weather Service, 2018). The
experiments were conducted in a white shade
net house with 40% sunshine ultraviolet
blocking rate. The experiments were run over
two seasons: winter (June—July 2018) and
summer (Nov.—Dec. 2018).

Study design. The experiment was laid out
as a 3 (three irrigation levels) x 5 (five differ-
ent soil textures) factorial study arranged in
a randomized complete block design, with
five replications. The growth response was
observed on two baby spinach cultivars
(Dash and Hellios). A total of 150 pots were
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used, with 75 pots administered for ‘Dash’
and the other 75 for ‘Hellios’.

Soil sampling and preparation. Soils of
five different textures were collected and ana-
lyzed for basic fertility parameters (Bourget and
Kemp, 1957; Diaz-Zorita et al., 2002) (Table 1).
Soil texture treatments included clay, clay loam,
loam, sandy loam, and sand. Three kilograms of
different soil types were loaded in each of
the 20-cm pots and irrigated to field capacity
before planting. First planting for Season 1 was
done on 4 June 2018, and the first planting for
Season 2 was on 5 Nov. 2018. Five seeds were
sown in each pot, and seedlings were thinned
after 14 d of sowing (after the plant had devel-
oped two leaves); three plants were left in the
pots.

Irrigation scheduling. Trrigation was moni-
tored throughout the growing season until the
plants were harvested at full maturity (at
4 weeks). Irrigation scheduling was performed
using soil water balance, which predicts water
requirement and generates irrigation calendars
(Fessehazion et al., 2014; Lashari et al., 2010).
Irrigation treatments commenced 14 d after
germination and seedling emergence. Irriga-
tion treatments were 100% irrigation (control)
and deficit levels of 75% and 50% from 25
mm water required for baby spinach. Water
content measurements were carried out using
the gravimetric method.

Fertilization. Baby spinach requires
45 kghha™' of nitrogen fertilizer and 22—
45 kgrha!' of P,Os at planting; however,
potassium can be applied if soils have less
than 120 ppm acetate-exchangeable potas-
sium (Koike et al., 2011). Fertilization was
derived from the spinach fertilizer recom-
mendations and post soil test in Table 1. Fer-
tilizer was applied in the form of fertigation.
Before planting, Multifeed 19:8:16 (43) was
applied, and at vegetative stage 107 mL LAN
(28) per pot sample was applied.

Data  collection. Plant physiological
parameters (gs, photosynthesis rate, and leaf
area) were measured at harvest on the abaxial
side of the leaf using a portable photosynthe-
sis system (ADC Bio Scientific, Hoddesdon,
United Kingdom) for each season. All plant
physiological parameters were measured
simultaneously under steady-state condition
in full sun between 10:00 am and 2:00 pm
(Mabapa et al., 2018). Leaf chlorophyll con-
tent was measured using a nondestructive
method with a SPAD 502 chlorophyll meter
(Konica Minolta Co. Ltd., Tokyo, Japan)
(Mudau et al., 2017) at planting for three con-
secutive weeks. Weight was determined
using a weighing scale at harvest.

Data analysis. The data were analyzed
using the Statistix 10 statistical package. Data
were subjected to analysis of variance. Tukey’s
honestly significant difference test was used to
calculate mean differences at P = 0.05 to check
the level of significance.

Results

Photosynthetic rate. There was no signifi-
cant (P > 0.05) variation on interactions
of deficit irrigation and soil texture on
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Table 1. Preliminary results of soil fertility analysis.

Texture pH (H,0) pH (KCI) EC (dS'm™) N (mgkg™) P (mgkg™")
Clay 7.045 b* 5.085 b 0111 e 7.564 be 8.509 b
Clay loam 6.535 ¢ 4475 b 0.189 a 7.356 cd 8.291 b
Loam 6.185d 495 b 0.174 ¢ 8.112 b 8.216 b
Sandy loam 6.57 ¢ 5.335b 0.184 b 8.766 a 10.779 a
Sand 8.905 a 6.97 a 0.136 d 6.91d 7.091 ¢
LspY 0.201 0.086 0.001 0.583 0.976
Signiﬁcance k3 ks ks k% ks

“Column means followed by the same letter are not significantly different according to Tukey’s least

significant difference test.
YLsD (mean separation for comparison).

*Significant at P = 0.05. **Highly significant at P =< 0.01.

photosynthetic rate during the two seasons for
both cultivars. Significant differences occurred
solely on the effect of deficit irrigation on pho-
tosynthetic rate and the effect of soil texture
on photosynthetic rate. An increase in photo-
synthetic rate was observed for 75% DI during
Season 1 (Table 2) on ‘Dash’, whereas the
least photosynthetic rate was observed in clay
soils during both seasons. A decrease in water
(75% DI) resulted in an increase in photosyn-
thetic rate for ‘Hellios’ during both seasons.

Stomatal conductance. Similar to photo-
synthetic rate, there were no significant (P >
0.05) interactions of deficit irrigation with
soil texture on gg in the two seasons for both
cultivars. There were also no significant var-
iations of deficit irrigation on gg for ‘Hellios’
during both seasons (Table 3). Significance
was observed on effect of soil texture on gs,
whereby the lowest gg rate occurred mostly
in clay and sandy soils.

Chlorophyll. Chlorophyll content was mea-
sured for 3 weeks before harvesting. There
were significant interactions of deficit irrigation
and soil texture during the 3 weeks. However,
chlorophyll content increased at each week of
measurement during both seasons. Higher
chlorophyll content was observed under the
interaction of 100% and 75% DI x loam soil
during Season 1 (Fig. 1A) on ‘Dash’. How-
ever, during Season 2, an increase in chloro-
phyll content occurred at 100% and 75% DI x
sandy loam soil (Fig. 1B). Also, an increase in
chlorophyll content on ‘Hellios’ occurred on
the interaction of 75% DI x sandy loam soils
during both seasons (Fig. 1C and D). For both
soils in the two seasons, 50% and 75% DI x
clay soils and clay loam soils showed similar
trends of greater chlorophyll content than the
100% control treatment (Fig. 1A-D).

Yield parameters. Significant variations
were also observed for leaf area and leaf mass
during both seasons of the two cultivars. Simi-
larly, to chlorophyll content, 100% irrigation
with clay soil resulted in a decrease in leaf
area and leaf mass (Fig. 2A-D). However, a
decrease in water level (50% and 75%)
increased leaf area and leaf mass in clay and
clay loam soils during both seasons compared
with the 100% control treatment. An increase
in leaf number was observed under 75% DI x
sandy loam soils in the shade house (Fig. 1E
and F). A decrease in leaf area was observed
under all irrigation levels — sandy soils and
clay soils, whereby all treatments were less
than 6 cm? during both seasons in shade house
and field.

Discussion

Water deficit irrigation had a significant
effect on stomatal (pores on leaf surface
through which plants exchange CO, and
water vapor) density, indicating adaptation to
drought conditions (Du et al., 2015). There
were no significant interactions between defi-
cit irrigation and soil texture for gs and
photosynthesis rate of both baby spinach cul-
tivars during two seasons. However, there
were significant effects on single factors (i.e.,
effect of deficit irrigation on photosynthesis
rate or effect of soil texture on gg). Different
genotypes have been found to vary in photo-
synthetic rate, gs, and transpiration rate, thus
showing varying water deficit responses
(Chai et al., 2016). We observed that gg
increased with decreasing water levels. This
was in contrast with the findings of Lawlor’s
(2002), which indicated that decreasing water
levels significantly decreased gs and lowered

Table 2. Effect of deficit irrigation on photosynthetic rate and stomatal conductance (gs) of ‘Dash’.

Season 1 Season 2
Treatment Photosynthetic rate gs Photosynthetic rate gs
(irrigation level) (umol-mz-s’l) (pmol-mz-sfl) (pmol~m2-s’1) (pmol-mz-sfl)
100% 5.76 ab” 181.6 ab 475 a 173 ab
75% 691 a 2145 a 4.26 a 192 a
50% 436 b 158.1 b 3.14b 168 b
LsD” 1.17 28.8 40.1 23.4
Significance ok * *

“Column means followed by the same letter are not significantly different according to Tukey’s least

significant difference test.
YLsD (mean separation for comparison).

*Significant P = 0.05. **Highly significant P = 0.01.
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Table 3. Effect of deficit irrigation on photosynthetic rate and stomatal conductance (gs) of ‘Hellios’.

Season 1 Season 2

Treatment Photosynthetic rate gs Photosynthetic rate gs
(irrigation level) (pmol'm>s ™) (umol-m?-s™1) (umol'm>s ™) (pmol-m>s ™)
100% 5.92 b* 0.09 a 3.03 ab 02a
75% 9.58 a 0.12 a 35a 0.17 a
50% 944 a 0.08 a 2.88 b 0.16 a
Lsp”’ 1.28 0.038 0.25 0.028
Significance * NS * NS

“Column means followed by the same letter are not significantly different according to Tukey’s LsD

test.
YLsD (mean separation for comparison).

*Significant at P = 0.05. **Highly significant at P = 0.01. Ns, not significant at P = 0.05.

CO, uptake. Photosynthetic rate and gg were
high in sandy loam soils on both cultivars
during two seasons. Similarly, Wan and Sose-
bee (1990) reported that photosynthesis rates
were greater (P < 0.01) in plants growing on
sandy loam soils than in those growing in clay
loam soils. This might be due to sandy loam
soils having large pore size and thus greater
aeration. Fanourakis et al. (2015) reported that
larger pore space in soil increases stomatal
size. A lower photosynthetic rate occurred in
clay soils with 100% irrigation during both
seasons in the field and in a greenhouse. This
was attributed by poorly structured nature of
clay soils with low oxygen and poor aeration.
Furthermore, oxygen availability was lower
due to most air spaces being filled with water
(Poorter et al., 2016).

There was a significant decrease of nitro-
gen availability on both cultivars, primarily
due to baby spinach requiring large amounts
of nitrogen (Nemadodzi et al., 2017; Zikalala

et al., 2017). Gutiérrez-Rodriguez et al.
(2013) also reported incremental gain in leaf
weight due to an increase in nitrogen supply
in baby spinach. Therefore, the plant feeds on
nitrogen to sustain optimal plant growth and
other important leaf parameters. Interaction
effects of deficit irrigation and soil texture
were found for chlorophyll content of the two
cultivars during both seasons. Low chloro-
phyll contents were mostly in clay and sandy
soils in all irrigation levels. Also, clay soils
are known to be rich in nutrients, but, due to
their poor drainage, the nutrients and water
are often withheld from plants. Low chloro-
phyll content also occurred in 50% DI in all
soil textures compared with control (100%)
and 75% DI. This might be because
mild drought increases chlorophyll content,
whereas severe drought could lead to chloro-
phyll degradation (Valenca et al., 2017). Both
cultivars showed similar increases under the
interaction of 75% X loam and sandy loam

soils, including the 100% control treatment
with sandy and loamy soils during Season 1.
A similar trend was observed for leaf weight,
leaf area, and leaf number, which are yield
constituents of baby spinach. However, these
findings are in contrast with findings Reyes-
Gonzalez et al. (2018), who indicated the
highest leaf weight (fresh weight) on full irri-
gation. The lowest leaf area and weight were
mostly in clay and clay loam soils with
‘Dash’. Similarly, Senyigit and Kapla (2013)
reported low plant weight, height, and diame-
ter of lettuce (Lactuca sativa L.) plants under
water deficit regimes in clay loam soils. Fur-
thermore, Zhang et al. (2014) observed
higher spinach yield due to increases in leaf
weight under deficit irrigation in sandy loam
soils. These might be due to the ability of
sandy loam soils to retain soil moisture and
nutrients, eventually leading to increases in
leaf area and thereby increasing yield for con-
sumer market. Also, well-drained, moderately
fertile sandy loam soils are preferred for most
vegetative growth of various plants (Abdula-
zeez, 2017).

In conclusion, from the results in the cur-
rent study, it is evident that deficit irrigation
can be adopted for baby spinach cultivation.
However, deficit can be further enhanced by
taking into consideration soil texture. Also,
season has an influence together with cultivar
type. The 75% DI x sandy loam and loam
soils interactions showed increases in growth
traits of both cultivars compared with the
100% water control treatment. Therefore, the
study suggests that 25% water can be saved

A 3 B18
= 25 = 16
>_ = Chl 1 =
£520 2z13 mChi 1
o< 15 EChl 2 &< 10
3% Sa 8 EChl 2
=210 =Chl 3 2n 6
%) 5 5 % B Chl 3
0 0
XX XA ER
o N0 O O WL O oW o o Wwo o wwo o N O O v o oW o o wo o wo
O MO OMOULOMLULOMNMLLOMNLW O ML O ML OMNMLOMNMLWLOMNLW
TXXTXXT XXT XX XX TX X T XXT XXT XXT XX
><(_)(_)><_|_|><_|_|><_|_|><u)(/) ><(_)(_)><_|_|><_|_|><_|_|><(/)(/)
(@) =4 O 0O 4 40 ®nvn O =4 O O 4 4 n n v»
O n O n
Treatment (Irrigation level x soil texture) Treatment (Irrigation level x soil texture)
C D
45
40 20
= 35
>
.5_330 = 15
o< 25 = Chl 1 =)
5% 20 - g—aﬂo = Chl 1
=15 = o
S 10 20 5 EChl 2
5 =Chl 3 o
0 =Chl 3
0 SN EEEEEEE RS
XIS ShoobhooboobooboS
o N O O UL o O v O O v o O wuw o OO MO NWLONLWLOIMNLW
O M IO O MWW O ML OMNMWLOMN~NLW F><><‘_><><F><><F><><F><><
TXXITXXIXXIXXT XX XooX 12X X 11X paon
XooXagaX1aX 300X paop 8 2100 - D ® "
O dOO—‘ (71)(/)(/)(/) (@] n

Treatment (Irrigation level x soil texture)

Treatment (Deficit irrigation x soil teture)

Fig. 1. Interaction of deficit irrigation and soil texture on chlorophyll content of (A) ‘Dash’ during Season 1, (B) ‘Dash’ during Season 2 , (C) ‘Hellios’ dur-
ing Season 1, and (D) ‘Hellios’ during Season 2 measured for three consecutive weeks.

520

HorTScIENCE VoL. 57(4) ApriL 2022



A B
30 _25
N (]
E25 € 20
L 20 L
S 15 s 15 m Season 1
S
510 mSeason 1 E 10 = Season 2
2= il S BN 11111 i
|
0 -0
SRR RS RSN S LRSS SRS EE RS EEEEE
SPLI8srIIEeErILeLrargeea ONDOLONDODONDODONDOND
S ERELRELRRE LR TXXITXXITXXITXXT XX
xééxffxffxffxzé XooXaaX 12X 11X po
@) d(_)(_)J du)(/)(/) ©) dOOJ (7)1(/)(/)(/)
Treatments (Irrigation level x soil texture) Treatments (Irrigation level x soil texture)
C oo D 4
0.8 1.2
207 = 1
= 0.6 =
205 E0.8
s 8% B Season 1 5 0.6 ® Season 1
w— U. [}
302 i iii Iiii IiiiilSeasonZ 383 iiiiiiiiill ii = Season 2
5 5° i i il
o.a iiiii ii i goi;i:i
XX -0.2 §§§§§§§§§§§§§§§
SRBE8RISLISLBERA SNBhSNBONBSOSNDBOSNBDB
TX XTI XXTXXTXXT XX TUXXITXXTXXT XXT XX
XQQX_J_IX_I_IX_I_IX(/)U) XQQX_I_IX_J_IX_I_IXU)U)
O =4 0O O 4 4 n n v (@] —=4 0O 0 4 4 n nwn
o %) o %]
Treatments (Irrigation level x soil texture) Treatments (Irrigation level x soil texture)
E F
. 20
& 18 20
3 g7
™
5 K
o 12 214
€10 o 12
2 8 £10
w 6
© 3 6
o 4 c
s 2 ii"il ""i's'ea““ 5 2 I”Ii””” i iiII'Seaw“
=] Q
E 0 © O O O O O O QO QO © © © © 9 -© = Season 2 (] 0 . SeaSOn 2
] SESSESSSE5S8S585885 8 ) XX
OXXTUXXTXXTXXT XX > TXXTXXITXXTXXT XX
XGoXOOxOOx3 X 00 2 XOoXSoxS3 0 x5 09X g0
O d(_)(_)—‘ d(/)(/)(/) &) do(_)_l ammw

Irrigation level x soil texture

Irrigation level x soil texture

Fig. 2. Interaction of deficit irrigation and soil texture on yield parameters. (A) Leaf area of ‘Dash’. (B) Leaf area of ‘Hellios’. (C) Leaf weight of ‘Dash’. (D)
Leaf weight of ‘Hellios’. (E) Average leaf number of ‘Dash’. (F) Average leaf number of ‘Hellios’.

when cultivating baby spinach in sandy or
loam soil for optimum growth and yield.
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