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An experiment was conducted to assess the influence of arbuscular mycorrhiza and water
management on mite infestation and kohlrabi production. This study monitored the influence of
three water quantity treatments (Q1, Q2, Q3) with averages of 180 mm, 270 mm and 360 mm,
respectively, and two treatments of seed inoculation: 1) seeds inoculated by arbuscular mycorrhizal
(AM) and, 2) seeds not inoculated by arbuscular mycorrhizal (Non-AM) on yield production,
plant parameters, mite density, canopy temperature, water use and heat use efficiency. The results
revealed that the mycorrhizal inoculation increased the yield production with a low amount of water
(Q2) by approximately 55% compared to the other treatments with an irrigation water use efficiency
of 7.54 kg/m?® and a heat use efficiency of 23.6 kg/ha/°C/d. Moreover, leaf chlorophyll concentration
especially with the low amount of water (Q2) was 61%, which was the same as the net irrigation
water requirement. The interaction between AM and Q2 was highly significant for mycorrhizal root
colonization (71%), and had a positive effect on all plant parameters (plant length, leaf number,
root length). Furthermore, predator and soil mites (Amblyseius swirskii, Euseius scutalis, Golumna
tarsipennata, Zygoribatula tritici) had significant densities with the same interaction treatment.
Noticeably, these results encouraged using AM inocula as “bio-enhancers” of plant performance in
agricultural systems.

Introduction

nutrition, growth, water absorption, nutrient cycling and protection
from pathogens, and as a result, contribute to ecosystem processes

Arbuscular mycorrhizal fungi (AMF) form widespread symbiotic (Allen, 1996; Koricheva et al., 2009). Moreover, in most cases this
associations with 80% of known land plants, The symbiotic association relationship turns into a positive outcome for both the host plant
between the fungi and the plant roots is commonly called arbuscular and the AMF, which is considered a mutualistic relationship (Smith
mycorrhiza (AM) Allen (1996). They play a major role in plant and Read, 2008). In this association, both partners profit from the
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relationship; AMF improve the host plants nutrient status, influencing
mineral nutrition, water uptake, growth, disease resistance and
irrigation water productivity, whereas in exchange, the host plant
provides organic carbon and the substrate necessary for fungal
growth and reproduction (Smith and Read, 2008). Recent work has
established that AMF can affect on plant fitness (Wilson et al., 2009;
Hoffmann et al., 2011).

Furthermore, inoculated plants with arbuscular mycorrhizal
maintained a relatively higher water content compared with non-
inoculated plants (Colla et al., 2008). Generally, mycorrhizal
colonization enables host plants to use water more efficiently
and allows them to maintain a lower intercellular carbon dioxide
concentration (Evelin et al.,2009). In addition, the mycorrhiza may
directly or indirectly also affect other plant-associated organisms such
as herbivores feeding on green plant parts (Hoffmann et al., 2009;
Koricheva et al., 2009), root feeding insects Gange (2001), predators
and mites and cause changes in the plant’s volatile emission (Fontana
et al., 2009, Hoffmann et al., 2011; Schausberger et al., 2012),
parasitoids (Guerrieri et al., 2004) or even pollinators (Wolfe et al.,
2005).

On the other hand; irrigation water management (irrigation system-
irrigation scheduling) influences more efficient water use by plants
and their developments. Irrigation scheduling involves the definition
of the time and amount of water application to a crop according to the
management objective Howell (1996). This definition can be based
either on soil water balance methods and meteorological data (Nair et
al., 2013) or on measurements of plant parameters Passioura(1988).
Furthermore, amount of water is critical in making the most efficient
use of the irrigation system especially for a drip irrigation system, as
excessive irrigation reduces yield, while inadequate irrigation causes
water stress and reduces production (Li et al., 2001). The optimum use
of irrigation can be characterized as the rooting area, and at the same
time, avoiding the leaching of nutrients into deeper soil layers (Kruger
et al., 1999).

In addition, (Oloumi et al., 1988) found that water stress can
reduce the density of mites and especially the density of females
and eggs. Ferree and Hall (1980) showed that low soil moisture did
not affect the intensity of mite reproduction. However, there have
been different hypotheses about the effects of water stress on mite
development and reproduction. Consequently, higher mite densities
on leaves cause stomata to remain open for longer periods which
allows a greater loss of water, with spider mite densities of 10 mites
per leaf and 50 mites per leaf causing a reduction in flower stem length
of 17% and 26%, respectively (Landeros et al., 2004).

Table 1 Climatic characteristics at Ismailian governorate

Consequently, the most useful measure of performance of an
irrigation system, in terms of its effect on crop yield, is the water
use efficiency (WUE) which evaluates the proportion of the applied
water beneficially used by the crops Alghariani (2002). WUE is often
defined by the ratio between the crop biomass or grain production
and the amount of water consumed by the crop, including rainfall,
or irrigation water applied, or crop transpiration (Zhang and Owesis,
1999). Regarding irrigation water productivity, WUE should be used
as an indicator of a plant’s performance (Luis et al., 2002).

Clearly, the relation among factors of the agricultural system,
especially irrigation water, AM, mites and environmental elements,
should be controlled to achieve a positive result. Thus, the aim of this
study was to monitor the influence of three water quantity treatments
with averages of 180 mm, 270 mm and 360 mm, and two treatments
of seed inoculation involving either seeds inoculated by arbuscular
mycorrhizal (AM) or seeds not inoculated by arbuscular mycorrhizal
(Non-AM)) on yield production, plant parameters, mite density,
canopy temperature, water use and heat use efficiency and finally,
to create a simple mathematical relationship between yield and the
factors of the experiments.

Materials and Methods

The experiment was carried out at a farm of the Faculty of Agriculture,
Suez Canal University, Ismailia governorate, Egypt. The study site was
established in early February 2018 at 30°37°10.91”N and 32°16°1.33”E.
The site was in an arid area with a Mediterranean climate at about 30 m
above sea level with an annual rainfall of 29 mm/year. The meteorological
data recorded at the local meteorological weather station of average
climatic parameters are provided in Table 1 for temperature, relative
humidity, wind speed and evapotranspiration . The Penman-Monteith
equation was used to calculate reference crop evapotranspiration
(ETo) as shown in Equation 1 from Allen et al. (1998):
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where; ETo is the reference evapotranspiration (measured in
millimeters per day), A is the slope vapor pressure curve (in kilopascals
per degree centigrade), Rn is the net radiation at the crop surface and
G is the soil heat flux density (both measured in megajoules per square
meter per day), T is the air temperature at 2 m height (in degrees
centigrade), e is the saturation vapor pressure, e, is the actual vapor
pressure, ¢, - €, is the saturation vapor pressure deficit (all measured in
kilopascals), U, is the wind speed at 2 m height (in meters per second)
and 'Y is the psychometric constant (per degree centigrade).

Month Prc Maximum temperature Minimum temperature Humidity Sun-shine Wind (at 2 m) ETo
mm/m °C °C % h m/s mm/d
Feb 0 22.7 13.5 57.8 8 2.8 3.5
March 0 26.9 15.2 50.3 8.7 2.8 4.8
April 0 28.8 19.2 48.5 10.1 2.8 6.0

Prc = precipitation; ETo = reference evapotranspiration.
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The soil at the experimental site had a sandy texture, wand was
not saline nor calcareous. The silt and clay content were quite low
(3.2% and 1.2%, respectively); thus, both the field capacity and
available water were very low (5.6% and 4.5%, respectively) with
soil conductivity of 1.37 dS/m. Water samples were analyzed using
standard analytical methods for the pH, electrical conductivity and ion
composition (American Public Health Association et al., 1992). The
average values of the analyzed parameters in the irrigation water are
given in Table 2.

The total water applied was calculated using Equation 1. The crop
evapotranspiration, net irrigation requirement and total water applied
were determined using Equation 2 — 4, respectively, and values in
Table 3:

ETc =ETo x KC 2)
where, ETc is the crop evapotranspiration and ETo is the reference
evapotranspiration (both measured in millimeters per day) and KC is
the crop coefficient.
IR,=ETc— P 3)
where, IR, is the net irrigation requirement and ETc is the crop
evapotranspiration and P is the effective rainfall (all measured in
millimeters per day).
IR=IR,/E, “
where, IR, is the total water applied, (mm/day), IR, is the net
irrigation requirement, (both measured in millimeters per day), and
E, is the overall irrigation efficiency for a modern drip irrigation
system (approximately (90%) based on Vermeiren and Jobling (1984)
and Phocaides (2007).

Subsequently, the total water applied for kohlrabi was 360 mm
using a drip irrigation system (using ground self drip hoses 4L/50
cm/hr at 1.2 bar) with three amounts of water (Q1, Q2, Q3) representing
50%, 75% and 100%, respectively, of the total water applied for
kohlrabi.

Table 2 Chemical characteristic for the irrigation water

207

Seeds of kohlrabi (S.N) were grown in trays for 2 wk before inoculation
with mycorrhizal inoculants. The seeds were inoculated with a spore
suspension containing three different species (Glomus intraradices,
Glomus monosporum, Glomus mosseae) with a concentration
of 50 spores/mL. Mycorrhizal inocula were exported from the
Microbiological Resource Center, Ain Shams University, Cairo,
Egypt. Moreover; the AM inocula were applied at a rate of 10 mL/
seedling (containing 500 + 20 propagules/cell) where the number
of spores for each type of AM was about 160 spores. The control
treatments were not treated with AM inocula (Non-AM). Seedlings
were irrigated regularly in the greenhouse until plants had reached an
appropriate size. Seedlings were transplanted to field on 2 February.

Mite counting

The kohlrabi crop was cultivated using normal agricultural
processes without using any pesticides. Mites were counted weekly
based on 10 leaves as a sample randomly collected from all treatments.
In addition; leaf samples were collected and placed directly into
labelled plastic bags and transported to the laboratory, where they
were examined using a stereomicroscope and hand lens. Counting
of mites started in the second week of February and continued until
the middle of April 2018. Adult stages were counted and recorded
of Amblyseius swirskii (Athias-Henriot), Euseius scutalis (Athias-
Henriot), Golumna tarsipennata (Grandjean) and Zygoribatula tritici
(El-Badry and Nasr).

Thermal image acquisition

An infrared thermal camera Ti-32 (Fluke Thermography;
Germany) was used to take images of the plots using a 320 x 240 pixel
microbolometer sensor, sensitive in the spectral range 7.5-13 pm. The
canopy height was about 1 m. Images were analyzed using the Ti-32
Pro software (Infrared Solutions; USA); Emissivity for measurements
of leaves and plant canopies was set at 0.96 while the transmission
correction was 85%. For greater accuracy, the span of the auto-
adjusted thermal image was manually set to the level of the displayed
image to detect the maximum and minimum temperature of the entire
display (Wilcox and Makowski, 2014).

oH EC (dS/m) Soluble cation (meq/L) Soluble anion(meq/L) SAR
Ca? Mg Na* K* CO* HCO; CIl SO,>
7.34 1.18 2.8 0.6 8.2 0.2 0 2.92 6.83 2.05 6.3
EC = electrical conductivity; SAR = sodium adsorption ratio.
Table 3 Average crop coefficients for kohlrabi
Parameter Init Dev Mid Late Total
Days 20 30 15 10 75
KC 0.7 1.05 1.05 0.95

Init = initial; Dev =crop development; Mid = mid-season; Late = late season; KC = crop coefficients.
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Growing degree-days (heat units)

Growing degree days (GDD) or heat units were calculated using
the single sine curve method (Baskerville and Emin, 1969) during
the growing season of the kohlrabi crop. This simple linear method
requires only daily minimum and maximum air temperatures as shown
in Equation 5:

GDD = [(Tmax + Tmin) /2] - Tbase (5)

where, T, is the daily maximum temperature, T, is the daily
minimum temperature and T, is the base temperature (all measured
in degrees centigrade).

T\.. for Kohlrabi, was set as 7°C (Maria et al., 2004; Drost and
Johnson, 2010).

Heat use efficiency (HUE) is the ratio of yield to the accumulated
growing degree days according to Kingra and Prabhjyot (2012) as
shown in Equation 6:

HUE = Yield (Ygi) / (AGDD). (©6)

where, HUE is the heat use efficiency (measured in kilograms
per hectare per degree centigrade per day), Ygi is the economic yield
(in kilogram per hectare) and AGDD is the accumulated growing
degree days (in degrees centigrade per day). Heat units are often used
to predict the rate of phonological development of plant species and
developmental rates increase approximately linearly as a function of
air temperature (Snyder et al., 1999); therefore, a higher or lower the
temperature will affect the crop by reducing plant growth and total
yield. Consequently, the lower temperature (T,,,.) for kohlrabi, was set
as 7° C (Maria et al., 2004; Drost and Johnson, 2010).

Mpycorrhizal root colonization

Collected roots were rinsed carefully to remove soil particles and
cut into 1 cm fragments. Root samples were soaked in 10% KOH at
90°C for 30 min and then washed carefully with running tap water.
This was followed by neutralization with 1% HCI for 30 min, and
then samples were stained with 0.05% Trypan blue for 24 hr at room
temperature as described by Brundrett et al. (1984). Finally, the roots
were rinsed with water and de-stained in 50% glycerol (Koske and
Gemma, 1989). The samples were then mounted on microscope slides
and examined under a compound microscope to evaluate the AMF
percentage colonization according to Brundrett et al. (1996).

Proline content

The free proline content in leaf tissue was measured according to
Bates et al. (1973) using acid ninhydrin reagent. Five grams of leaves
sample were merged well with 10 mL 3% sulfosalicylic acid, and
Whatman No. 1 paper filter was used to filter out the homogenate.
Two ml of filtered extract was mixed with 2 mL acid ninhydrin in a
test tube; then 2 mL glacial acetic acid was added for 1 hr at 100°C.

The reaction in the test tubes was preserved in an ice bath. The mixture
was extracted using 4 mL toluene and mixing vigorously before
the absorbance was measured at 520 nm in a spectrophotometer.
The colored toluene fraction was separated and measured at 520 nm in
a spectrophotometer. The proline content measured in milligrams per
gram dry weight) in the leaf tissue was calculated using Equation7:

Proline = [34.11 x ODsy, x V] /[2  f] (7)

where, 34.11 is a constant, ODy,, is the optical density measured at
520 nm, V is the total volume of extract and f is the weight of the leaf
sample.

Irrigation water use efficiency was determined using Equation 8
according to Bos (1979):

IWUE = [Y, — Y,aJ/ IRR, ®)

where, [IUWE is the irrigation water use efficiency (measured in
kilograms per cubic meter), Y,; is the economic yield and Y, is the
dry yield which is the crop yield without irrigation (both measured
in kilograms per hectare) and IRR; is the irrigation water applied
(in cubic meters per hectare). Often, in most semiarid-to-arid
locations, Y, may be zero

Leaf chlorophyll concentration

A SPAD-502 chlorophyll meter (Minolta Co., Ltd.; Japan)
was used to measure the chlorophyll content present in plant leaves
by measuring the leaf absorbance in the red and near-infrared regions
as described by Konica Minolta Optics, (2012). Briefly, the light is
emitted by two LEDs with peak wavelengths at 650 nm and 940 nm.
These LEDs emit light in sequence from the emitting window to a
photodiode detector when the measuring head is closed. When the
light passes through the sample leaf in the measuring head, a certain
amount transmits through the leaf and the transmitted light strikes the
receptor and is converted into electrical signals. With these absorbance
values, the SPAD-502 calculates a company-defined SPAD (soil plant
analysis development) value by division of the light transmission
intensities at 650 nm by 942 nm. This numerical SPAD value specifies
the relative content of chlorophyll within the sample leaf.

Statistical analysis and modeling

The experimental layout was a spilt plot design with two factors
and three replicates. The first factor was seed inoculants as a main
plot which was divided into two treatments of seed inoculated by
arbuscular mycorrhizae (AM) and seeds not inoculated (Non-AM)].
The second factor was the water quantity as a sub main plot which
was divided into three treatments (Q1, Q2 and Q3) with averages
of 180 mm, 270 mm and 360 mm, respectively. Data were analyzed
using a two way analysis of variance (ANOVA) at a significance level
of p < 0.05. When the ANOVA was significant at p < 0.05, a least
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significant difference (LSD) test and Duncan’s multiple range test
(Duncan, 1955) were used for mean comparisons using the COSTAT
3.03 System software (CoHort; USA).

The simple regression models with predictor variables X,...Xp can
be described using Equation 9:

Y=By+BX, vt BX, + k )

where, y is the response or dependent variable and is dependent on
other variables X, ,, which are the independent or predictor variables
(also called the regressor variables), B, is the intercept, B, , are the
slope parameters and & is the variability of the error and is constant for
all values of the regressor.

Results and Discussion
Growth parameters and yield

Table 4 indicates that there were significant impacts for the
amounts of water and AM for all plant parameters—plant length (PL),

number of leaves (NL) and root length (RL)—and yield production.
However, the Q2 treatment had the highest mean values (38.11cm,

19.85, 29.71cm) for PL, NL and RL, respectively. Thus, the highest
value for yield production was observed with Q2 (16,714.28 kg/
ha) compared to the other water quantities (Q1, Q3). Moreover,
Q3 had a significantly lower yield, (7,797.62 kg/ha), compared to
Q1 (11,871.43 kg/ha) which was related to the distribution of the
high amount of water under Q3 in the soil (sandy texture) as the
drip irrigation was not homogeneous, so that water losses due to
percolation below the rooting zone were likely (Maria et al., 2004).
Furthermore, AM recorded the highest mean value (14,428.57 kg/ha)
for yield compared to Non-AM (9,826.2 kg/ha) Fig. 1. In addition,
there were significant differences for AM compared to Non-AM for
PL, NL and RL with AM having values of 30cm for PL, 18.27 cm
for NL and 27.65 cm RL. These results were related to the fact that
arbuscular mycorrhizal-inoculated plants preserved a relatively higher
water content compared with non-inoculated plants (Colla et al.,
2008; Evelin et al., 2009), which was facilitated by promoting the root
hydraulic conductivity at a low water potential (Kapoor et al., 2008).
This promoted root conductance which was associated with changes
in the morphogenetic characters of roots. Consequently, AM plants
had significant improvements in growth parameters and significant
increases in leaf number, plant length and root length over the Non-
AM treatment as the control (Borde et al., 2011).

Table 4 Influence of different treatments on mean plant length, number of leaves and root length

Treatment
Parameter
Ql Q2 Q3 AM Non-AM

Plant length (cm) 34.26+1.2 38.11°42.7 30.45°42.05 36.00°+4.20 32.55+3.04

LSD, s 1.655 1.796
Number of leaves 17.68+0.88 19.85+0.92 18.62%°+2.19 18.27°+1.817 19.16+1.43

LSD, s 2.0207 1.1495
Root length (cm) 24.99+3.76 29.71°46.87 20.27°4+2.31 27.65+6.56 22.33+4.01
LSDy s 6.072 4.002

LSD, s = least significant difference; = Q1 = 180mm, Q2 = 270mm, Q3 = 360mm, AM = mycorrhizal inoculant treatment and Non-AM = non-mycorrhizal

inoculant treatment

Values (mean £SD) followed by the same lowercase superscript are not significantly different (p < 0.05).
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Fig. 1 Kohlrabi mean yield production as affected by: (A) water treatment; (B) mycorrhizal inoculants, where lowercase letters above columns indicate significant
differences at p < 0.05, LSD, ;s = least significant difference , error bar = +SD, Q1 = 180mm, Q2 =270mm, Q3 = 360mm, AM = mycorrhizal inoculant treatment

and Non-AM = non-mycorrhizal inoculant treatment.
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Thermal images and canopy temperature

There were variations in the canopy temperature (CT) related to
different treatments (Fig. 2 and Fig. 3). For example, higher values
for CT were recorded with Non-AM compared to AM at all levels of
water treatment.

On the other hand, CT had a significantly higher value (27.3°C)
under Q1 compared to other treatments of Q2 and Q3, which had

2579 2§€O
EX

27.2
26.98%5 7
25}, ~ 2638

27.26.2
+ ¥
26.0 25.9
+ +

values not significantly different of 25.4 °C and 24.6°C, respectively.
Notably, AM had a significant influence on CT (24.9°C) for kohlrabi
compared to the Non-AM (26.6°C), with a reduction in CT of
approximately 2°C. and also water treatment Q2. For Q3, the CT
reduced approximately 2.6°C. These results of the best water status
being detected in AM plants were in agreement with Yu et al (2015)
who reported that the canopy temperature was inversely proportional
to stomatal conductance.

Fig. 2 Thermal images for kohlrabi canopy under different treatments: (A) AM with water amount Q1; (B) Non-AM with water amount Q1; (C) AM with water
amount Q2; (D) Non-AM with water amount Q2, where values indicate degrees centigrade, Q1 = 180 mm, Q2 = 270 mm, Q3 = 360 mm,AM = mycorrhizal
inoculant treatment and Non-AM = non-mycorrhizal inoculant treatment.
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Fig. 3 Mean canopy temperature as affected by: (A) water quantity treatment; (B) mycorrhizal inoculants treatment, where lowercase letters above columns
indicate significant differences at p < 0.05, LSD, (s = least significant difference , error bar =+SD, Q1 = 180 mm, Q2 = 270 mm, Q3 = 360 mm, AM = mycorrhizal

inoculant treatment and Non-AM = non-mycorrhizal inoculant treatment.

Accumulated growing degree days and mites

Table 5 shows the mean 10 d monthly, real and adjusted
temperatures, growing degree days (GDD) and accumulated growing
degree days (AGDD) during the kohlrabi growing season. Generally,
the total amount of heat units for kohlrabi to develop from one point to
another in its life cycle was 958.13°C per season or heat unit. On the
other hand, four different types of mites were observed during different
stages for kohlrabi, with predator mites being Amblyseius swirskii and
Euseius scutalis and soil mites being Golumna tarsipennata and
Zygoribatula tritici.

The relationship between different predator mites by density
and AGDD is shown in Fig. 4. A density 1 mite/cm? of Amblyseius
swirskii needed 1,212.05 heat units, 755.68 heat units and 1,545.3
heat units under treatments Q1, Q2 and Q3, respectively, with AM.
Nevertheless, the Non-AM treatments for the same density of A.
swirskii needed more heat units (2,554.3 heat units, 1,355.5 heat units
and 1,635.31 heat units under Q1, Q2 and Q3, respectively). With
(AM, for the same mite density of Euseius scutalis, the required heat
densities were 2,020.09 heat units under Q1, 1,593.16 heat units under

Q2 and 1,545.37 heat units under Q3 (Fig. 5). However, with the Non-
AM treatment, E. scutalis needed 5,614.53 heat unit with Q3 for the
same unit density. Thus; the mycorrhizal inoculant treatment helped
plated mites to utilize lower low heat units to increase their numbers
compared to Non-mycorrhizal inoculant treatments which needed
higher heat units to increase, especially under water quantity Q3.

Noticeably, Fig. 6 illustrates the relationship between different soil
mite densities and AGDD, with Q2 having a low value for heat units
(180.4) compared to Q1 and Q3 (216.8 and 256.4, respectively) for a
unit density per square centimeter of Golumna tarsipennata under (the
AM treatment. In contrast, the same mite species under the Non-AM
treatment required 330.5 heat units, 191.08 heat units and 320.9 heat
units under treatments Q1, Q2 and Q3, respectively, which was much
higher than for the AM treatment. In addition, the same unit density of
Zygoribatula tritici required 162.2 heat units with Q2 but with Q3 and
Q1 required approximately 190.9 heat units with the AM treatment,
but the heat unit values were higher for the same mite species and
density (233.2 heat units, 235.5 heat units and 307.38 heat units for
Q1, Q2 and Q3, respectively) under the Non-AM treatment.

Table 5 Mean 10 d monthly temperatures, growing degree days and accumulated growing degree days during kohlrabi growing season

Month Day T Toin GDD AGDD
(in 2018) period (°C) (°0) (°0) (°Cd)
1-10 25.25 12 116.25 116.25

February 11-20 20.3 14.1 102 218.25
21-28 2337 14.5 95.48 313.73

1-10 275 16.1 148 461.73

March 11-20 26.2 14.7 1345 596.23
21-31 27 15 140 736.23

April 1-10 253 17.6 101.15 837.38
11-12 28 20.5 120.75 958.13

T
degree days

'ax = Maximum mean 10 d monthly temperature; T,;, = minimum mean 10 d monthly temperature; GDD = growing degree days; AGDD = accumulated growing
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Finally, the soil mites needed low values of AGDD with the AM
treatment compared to the predator mites. Clearly, the AM treatment
had a significant influence on mite species especially with a low
amount of water (Q2) compared to the Non-AM treatment. These
results may have been related to belowground organism-induced
changes in the plant chemistry that may have cascaded up and
influenced the life history of natural enemies via the nutritional value
of their herbivorous prey (Bezemer et al., 2005). The mycorrhizal-
induced changes in the volatiles emitted by mite-infested plants
did not influence the attraction of the mites to their host plants.
Spider mites were reported to randomly choose either of two odors
(Guerrieri et al., 2004). On the other hand; the numbers of predator
mites increased with AGDD and this may have been related to
these mites beginning development when the temperature exceeded
their lower developmental threshold or base temperature, with rate
of development increasing as the temperature exceeds the base
temperature and decreasing as the temperature drops. Thus, insect
development is accelerated during warm years and delayed during

cooler years. Upper developmental threshold temperatures, above
which growth slows or ceases, are seldom used for mites since these
thresholds are either not known, or the mites live in habitats where
the upper threshold is seldom exceeded. GDD takes into account the
average daily temperature by calculating the number of heat units
received. Thus, this system can be more accurate than the calendar
method for estimating mite development and developing timing
management strategies.

Mycorrhizal root colonization and proline

The results of mycorrhizal root colonization measured 2 mth
after transplanting indicated that both AM and Non-AM plants were
colonized by mycorrhizal fungi. It was possible that the presence of
vascular arbuscular mycorrhizal (VAM) root colonization in non-
mycorrhizal plants might have been due to native mycorrhizae already
existing in the soil in the experimental field. The VAM structures in
inoculated plant roots are shown in Fig. 7.
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Fig. 7 Photomicrographs for arbuscular mycorrhizal fungal structures in plant roots after clearing and staining (200x)
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Table 6 Influence of different treatments on mean mycorrhizal root colonization and proline content

Treatment
Parameter
Ql Q2 Q3 AM Non-AM
Myecorrhizal root colonization (%) 31.2¢+27.46 43.45°+35.26 48.63*+37.13 71.5*+ 11.77 10.73*+ 3.75
LSDy s 0.6033 1.0484
Proline(mg/g) 9.1*+1.83 7.06°+ 1.49 4.93¢+0.86 5.84°+1.49 8.27*+2.28
LSD s 0.9636 0.5027

LSD, s = least significant difference; Q1 = 180 mm, Q2 =270 mm, Q3 =360 mm, AM = mycorrhizal inoculant treatment and Non-AM = non-mycorrhizal inoculant
treatment Values (mean +SD) followed by the same lowercase superscript are not significantly different (p < 0.05).

The data in Table 6 indicates that there were significant impacts
associated with different amounts of water in the AM treatment with
regard to mycorrhizal root colonization and the proline contents.
For example; mycorrhizal root colonization (71.5%) under the AM
treatment was significantly greater than for the Non-AM treatment
(10.73%). In addition; the amount of water had a significant influence
on mycorrhizal root colonization with the latter having values of
31.2%, 43.45% and 48.63% for Q1, Q2 and Q3, respectively, with the
highest value for Q3. The decrease in root mycorrhizal colonization
under drought stress compared to well watering was ascribed by
Fagbola et al. (2001) to the reduction in spore germination, root
exudates and root carbohydrate supply.

In contrast, the proline content was significantly higher for the
Non-AM treatment (8.27 mg/g) compared to the AM treatment (5.84
mg/g). Moreover; with the lowest amount of water, Q1 had the highest
proline content (9.1 mg/g) compared to Q2 and Q3 (7.06 mg/g and
4.93 mg/g, respectively). Clearly, in the vegetative stage, drought
stress increased the proline content about ten-fold, due perhaps to its
increasing role because it is osmotic compatible and thus adjusting
the osmotic potential which resulted in drought stress avoidance
in chickpea, where proline accumulation was believed to play an
adaptive role in plant stress tolerance (Verbruggen and Hermans,
2008).

Notably, the proline content in the AM treatment with high water
treatment (Q3) decreased by 3.3 mg/g on average compared to the
Non-AM with the same water treatment. However, a high proline
content (10.8 mg/g) was recorded for Non-AM with the low water

LSD, os= 0.6769 (A)
70 : b
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Mycorrhizal treatment

treatment (Q1) but with the AM treatment, the value was 7.5 mg/g
under the same water treatment. This result could have been related
to root colonization by AM inducing major changes in the relative
abundance of the major groups of organic solutes (Sheng et al.,
2008), such as modifying the composition of carbohydrates (Augé
et al., 1987) and inducing the accumulation of specific osmolytes
such as proline (Ruiz-Lozano et al., 1995), thus facilitating osmotic
adjustment. Mycorrhizal colonization in plants raised the leaf
concentrations of soluble sugars, reducing sugars, soluble protein,
total organic acids, acetic acid, oxalic acid, malic acid and citric acid,
and decreased the concentrations of total free amino acids, proline and
formic acid (Ashwani et al., 2015).

Leaf chlorophyll concentration

It was observed that the amount of water had a significant
influence on the SPAD value especially for Q2 and Q3 compared to
Q1 (Fig. 8). For example, the SPAD value for Q2 was significantly
higher (61%) than for Q3 (52.7%). In addition, for the AM treatment,
the SPAD value was significantly higher (61%) than for the Non-
AM treatment (56%). Thus, the AM treatment had a positive impact
on the leaf chlorophyll concentration which was in agreement
with Zuccarini (2007) who found that the chlorophyll content and
total foliar area were mostly enhanced following colonization with
mycorrhizal fungi. Furthermore, there was no significant reduction
in the leaf chlorophyll concentration by reducing the water quantity
from Q3 to Q2. In contrast, the leaf chlorophyll concentration was
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Fig. 8 Mean SPAD (leaf chlorophyll concentration) value as affected by: (A) mycorrhizal inoculants treatment; (B) water quantity trreatment, where LSD, ,s = least
significant difference, error bar = £SD, Q1 = 180 mm, Q2 = 270 mm, Q3 = 360 mm, AM = mycorrhizal inoculant treatment and Non-AM = non-mycorrhizal

inoculant treatment
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significantly reduced after the kohlrabi was exposed to water stress
(Q1) inasmuch as plants respond to drought differently regarding
their chlorophyll content because in most plant species, chlorophyll
is generally sensitive to drought (Rong-hua et al., 2006). Huang
et al. (2011) reported higher chlorophyll contents in the leaves of
mycorrhizal plants, confirming that symbiosis plays a key role in
modifying photosynthetic and metabolic activities. Campanelli et al.
(2012) confirmed that the photosynthetic rate and chlorophyll content
were higher in mycorrhizal plants than in non-mycorrhizal plants.

Irrigation water use efficiency and heat use efficiency

The most important index for determining optimal water
management practices is the irrigation water use efficiency (IWUE)
according to (Bos, 1979). The results for INUE and HUE in the
current study are given in Table 7.A lower IWUE value was observed
for the treatment Non-AM and Q3, while a higher value was observed
for the treatment AM and Q2. Thus, excessive irrigation led to a
decrease in the IWUE which in turn may result in higher production
and IWUE (Jin et al., 1999). In addition, the IWUE results under
treatments were highest with AM (6.67 kg/m?3, 7.54 kg/m* and 2.61
kg/m?® under Q1, Q2 and Q3, respectively). On the other hand, for the
Non-AM treatment the IWUE was 5.2 kg/m® for QI, 3.58 kg/m® for
Q2 and 2.06 kg/m® for Q3. Consequently, a decrease in the amount
of water by 25% from the total water applied to the kohlrabi crop
can result in effective and economical irrigation water with the AM
treatment. The heat use efficiency (HUE), which is the efficiency of
utilization of heat in terms of dry matter accumulation, depends on
the crop type, genetic factors and sowing time and has great practical
application (Rao et al., 1999). From Table 7, the HUE data indicate
that the highest value was observed under the AM treatment with Q2
(23.6 kg/ha/°C/d). However, the lowest value for HUE was recorded
for the Non-AM treatment with Q3 (8.62 kg/ha/°C/d). Generally,
the AM treatment had a significant impact on water use and heat
use efficiency but with the suitable amount of water (Q2) the AM
treatment provide an effective contribution to raising irrigation water
unit productivity.

Table 7 Irrigation water use efficiency and heat use efficiency for kohlrabi as
effected by mycorrhizal inoculant and different water quantity treatments

Treatment IWUE HUE
(kg/m?) (kg/ha/°C/day)

Ql 6.67+0.129 13.92+0.271

(AM) Q2 7.54+0.195 23.6+0.611
Q3 2.61£0.122 10.88+0.509
Ql 5.20+0.262 10.83+0.486

(Non-AM) Q2 3.58+0.490 11.31+0.198
Q3 2.06+0.142 8.62+0.515

IWUE = irrigation water use efficiency; HUE = heat use efficiency; AM =
mycorrhizal inoculant treatment; Non-AM = non-mycorrhizal inoculant
treatment. Values are presented as mean +SD.

Statistical model

A model is a schematic representation of the conception of a
system or an act of mimicry or a set of equations, which represents the
behavior of a system (Murthy, 2003). A crop and plant growth model
is a very effective tool for predicting the possible impacts of different
factors on crop growth and yield. Crop growth models are useful
for solving various practical problems in agriculture. Thus several
regression models were developed which utilized some parameters to
determine yield production for kohlrabi in the Ismailia governorate in

sandy soil.
With (AM) treatment
Yield,,, = -60,411.7+[380.5%(Myco)]+[1,346.07*(SPAD)] +
[53.7 *(LN)] - [11.45 * Q]
R? =0.942

With (Non-AM) treatment
Yieldyonany = -9,569.5 + [485.108*(Myco)] + [598.8*(SPAD)] -
[21.94 *(LN)] - [6.32 * Q]
R? =0.89

where, Yield is measured in kilograms per hectare, Myco is
mycorrhizal root colonization as a percentage (Myco < 71.5%), SPAD
is the leaf chlorophyll concentration in percent (SPAD < 60%), LN
is the number of leaves (LN < 20) and Q is the total water applied in
cubic meters per hectare (Q < 360mm).

Mycorrhizal inoculation improved the performances of kohlrabi
plants compared to the non-mycorrhizal treatments, particularly
under the different water management regimes. These results should
encourage using AM inocula as “bio-enhancers” of plant performance
in agricultural systems as the mycorrhizal inoculation could increase
yield production under a low water regime by 25% of the total
water applied for kohlrabi, which would produce an irrigation water
use efficiency of 7.54 kg/m® and a heat use efficiency of 23.6 kg/
ha/°C/d). Moreover, the leaf chlorophyll concentration with the low
water regime (Q2) was 61% which is the same value as for the net
irrigation water requirement. The interaction between AM and Q2
was highly significant for mycorrhizal roots colonization (71%) and
had a positive effect on all plant parameters (plant length, number of
leaves, root length). Furthermore predator and soil mites (Amblyseius
swirskii, Euseius scutalis, Golumna tarsipennata, Zygoribatula tritici)
all had significantly densities with the same interaction treatment.
Finally, the regression models were produced to estimate the kohlrabi
yield under different limiting factors.

= -60,411.7 + [380.5*(Myco)] + [1,346.07*(SPAD)] +
[53.7 *(LN)] - [11.45 * Q]

Yield yonan = -9,569.5 + [485.108%(Myco)] + [598.8%(SPAD)] -

[21.94 *(LN)] - [6.32 * Q] where Q < 360mm,

LN < 20, SPAD < 60% and Myco < 71.5%.

Yield sy
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