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ABSTRACT

The current study aimed to evaluate the effect of banana waste biochar on the physiological traits and growth of Pas-
palum vaginatum under three water treatments (100%, 80%, and 60% of the water holding capacity (WHC) of the
soil). A plastic pot experiment was done for the germination of paspalum vaginatum. The treatments were the addition
of compost, banana waste biochar, or banana waste biochar and compost combination to the soil. We used multiple fac-
tor analysis (MFA) to reveal the relationship between the effect of banana waste biochar and the three water regimes on
physiological data. The findings revealed that banana waste biochar had an important impacts on all traits under various
water supply conditions. The photon yield of PSII of control treatment at three water regimes had the lowest response

compared to amended treatments. Changes were observed in chlorophyll pigment among different treatments.

Keywords: banana waste biochar, MFA study, physiological responses, plant growth.

INTRODUCTION

In recent years, millions of dollars have
been invested to provide top-tier and luxury
Moroccan golf courses. Each turfgrass depends
upon daily irrigation to ensure proper quality
and performance. Indeed, irrigation require-
ments cannot be easily satisfied by communities
due to limited water resources [Carrow, 1995;
Katuwal et al., 2020]. For instance, Agadir is a
city located in the south of the kingdom, charac-
terized by its semi-arid and arid climate, as well
as known for its agricultural activities, fisher-
ies, and its golf courses, which are flocking the
tourist around the world. The lack of water is a
problem that affects its different fields. Besides,
the rise in water supply costs creates new finan-
cial challenges for the management of irrigated
turf areas [Dean et al., 1996]. This fact has made
scientists think of new technologies to irrigate
more efficiently and sustainably, to achieve new
goals by managing water resources in the region.

Recent restrictions on irrigating golf courses
by treated wastewater had imposed by the gov-
ernment can further exacerbate drought issues on
turfgrasses, however, this technique is still limited
by a technical and financial problem [Frascari et
al., 2018]. Yet, a crucial approach was proposed
for reducing water issues and degraded soils in
this region which is amending golf courses soils
by biochar. For a long time ago, biochar has been
recognized and inspired as terra preta [Bezerra
et al., 2019]. Indeed, its application for soils has
been discussed as an alternative to the degraded
and damaged area. It is used as an amendment
due to its benefits in increasing the availability of
nutrients and water in soils. Moreover, it helps to
enhance the porosity of soils, as a result, enhanc-
ing water retention capacity [Rasa et al., 2018].

In our work, we choose Paspalum vaginatum
despite its virtues, and its resistance to saliniza-
tion, drought, and another factor of stress. Known
also by the nomination of seashore paspalum or
Paspalum vaginatum Swartz. It is largely used on
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athletic fields, golf courses, and landscape areas
in tropical and subtropical areas. Seashore pas-
palum had shown its ability to resist the severe
weather and surviving in the winter in subtropical
regions [Ibitayo et al., 1981].

In that concern, a pot experiment was con-
ducted to assess the banana waste biochar on Pas-
palum vaginatum using seven levels of organic
amendment addition (0%, 2% compost (2C), 2%
biochar (2B), 3% compost (3C), 3% biochar (3B),
4% compost-biochar (4BC), 6% compost-biochar
(6BC)) to a loam poor soil and three water treat-
ments (60%, 80% and 100% of the water hold-
ing capacity of the control). Furthermore, several
qualitative and quantitative factors intervene si-
multaneously in this study in order to extract use-
ful information. Thus, multiple factorial analysis
(MFA) was used to identify relationships among
the organic amendments addition on seashore
paspalum growth based on data obtained from
photosynthesis, chlorophyll a, chlorophyll b, ca-
rotenoids, fluorescence data. The aim of this ar-
ticle was (1) to determine whether banana waste
biochar application can improve the negative ef-
fect of water deficit in Paspalum vaginatum; (2)
determine the best combination of banana waste
biochar, compost, and soil required for the great-
est benefit to the physiological features of the
Paspalum vaginatum and (3) to help golf courses
in the Souss Massa region to optimize the use of
water in golf courses by keeping the same char-
acteristics of paspalum, as well as increasing the
quality of the degraded soils in the region under
the arid climate.

MATERIALS AND METHODS

Experiment design

The banana waste biochar was produced
at 201 °C according to the method elaborated
by Bougbis and Fetjah [Bougbis et al., 2016;
Fetjah et al., 2021].

The soil was collected, before sowing, from
the top layer (0-20 cm) of a loam soil from a
forest field plot in Agadir city, Morocco. Imme-
diately after sampling, the soil was air-dried and
stored until the start of the experiment. The soil
particle distribution was sieved at a 2 mm mesh
screen before application. Soil pH was 8.62,
the soil contains 32.77% of coarse silt,18.05%
of fine silt, 9.65% of clay, 9.63% of coarse
sand, 29.91% of fine sand. For the elemental

composition: 0.046% of total nitrogen Nt,
0.110%0 of P,O., 6.24% of total organic matter
MO, 3.62% of total organic carbon COt,79.50
of C/N, 0.285%o of K,0,0.264%o of Na,0O,1.504
%0 of CaO, and 0.328%o of MgO. The contents
of iron, manganese copper and zinc were, re-
spectively, 0.3, 28.9, 0.5, 2 ppm.

The compost used in this study was pur-
chased and then analyzed, it contains (81.83%
of total organic matter MOt, 47.46% of organic
carbon CO%, 0.1419 of nitrogen N, 0.74% of
total nitrogen Nt, 64.15 of C/N, 0.07% of total
phosphorus Pt, 0.47% of K, 0.08% Na, 3.25% of
Ca and 0.64% of Mg). Concerning the microele-
ments (Fe, Mn, Cu, Zn), they were 1556.8, 48.1,
16.3 and 79.3 ppm respectively.

The germination of Paspalum vaginatum grass
was done on plastic trays (33.5%50 ¢cm) containing
peat. After 4 weeks, the seedlings were transplanted
to a plastic pot (26 cm in height, 12,5 in diameter).

The experiment was conducted on a plastic
pot to investigate the efficiency of banana biochar
application on a three different water supplies
(100%, 80% and 60%) in the Paspalum vagi-
natum grass growth. The plastic pot was filled
with 2 kg of soil, or soil-compost-biochar, soil-
biochar, soil-compost mixture according to the
following percentage of soil, compost and banana
biochar: control (only soil), 2% compost (C), 2%
biochar (B), 3% compost (C), 3% biochar (B),
4% compost-biochar (BC), 6% compost-biochar
(BC) (control meaning the soil only 100% of dry
soil, 2C meaning soil with 98% dry soil mixed
with 2% of compost, 2B was prepared from 98%
of dry soil and 2% banana waste biochar, 3C was
contained 97% of dry soil and 3% compost, 4BC
meaning that 96% dry soil mixed with 2% com-
post and 2% banana waste biochar, 6BC made by
94% of dry soil with 3% compost and 3% banana
waste biochar). There were three repetitions of
each treatment.

In this study, the water holding capacity (WHC)
was divided into three categories: 100%, 80%, and
60%. In each pot, four juvenile plants were sown.
The irrigation was daily for eight weeks. Then,
the three water regimes took place, all plants were
irrigated twice a week. The growth condition was
maintained for one month.

Photosynthesis Measurements

At the vegetative growth leaf of mature leaves
of Paspalum vaginatum from three distinct pots,
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gas-exchange properties were measured using an
open system compact infrared gas exchange ana-
lyzer (LCi-portable photosynthesis System, ADC,
Hertfordshire, UK). The samples were recorded
between 9:00 am to 12:00 am. All Paspalum
vaginatum grass leaves used for photosynthetic
activity measurements were scanned and then the
leaf area was calculated using Midebmp software
(Ordiales-Plaza, 2000) to convey the outcomes in
case of predicted leaf area.

Chlorophyll fluorescence measurements

Using the OS5p Modulator Fluorometer, we
assessed the chlorophyll fluorescence character-
istics on three leaves from the same pot treatment
in the afternoon in dark and light (ADC BioSci-
entific Ltd, Great Amwell Herts, UK). All leaf
samples were kept in dark for 30 minutes before
measurements of the activity of photosystem-II.

Chlorophyll pigment

To extract and analyze pigments, we followed
the method reported by Lichtenthaler H.K. et al.
[1987]. We measured the contents of chlorophyll
a, chlorophyll b, total chlorophyll, and carotenoid
in three biological replicates using a UV-1600PC
spectrophotometer.

Final Harvest

After three months, the harvest took place,
fresh weight was measured immediately, and the
dry weight was calculated after placing leaves
and roots biomass of each treatment in the oven
for 48 hours in 80 °C.

Variable groups - MFA

Multivariate statistical analysis

We performed a multiple factorial analysis
(MFA) on our dataset, which was made up of a
set of parameters arranged into groups, in order to
identify the relationship between the various types
of treatments explored and, eventually, to uncover
the impact of the amendment of the mixture of ba-
nana biochar and compost from all treatments.

Indeed, MFA is the suitable statistical analysis
method, in this case study, since the dataset con-
tains as well quantitative parameters structured
in different groups as qualitative variables. The
measured parameters were structured into four ho-
mogeneous groups such as photosynthesis, chloro-
phyll fluorescence, chlorophyll pigment, and wet
and dry weight. While the categorical group con-
tains the type of treatment and the rate of irrigation.

Furthermore, a two-way ANOVA was used
to determine which organic amendment had the
greatest effect on physiological parameters in the
three water statuses of the Paspalum vaginatum
plant. All statistical computations were carried
out in RStudio Version 1.4.1717, with the Fac-
toMineR and Factoextra packages (28).

RESULTS

Physiological measurements

Multiple factorial analysis was applied for
the evaluation of banana waste biochar on physi-
ological traits pigment and growth responses of
paspalum vaginatum under three water regimes.
The first two dimensions of the MFA (dim1 and
dim2) account for about 34% of the overall in-
ertia, which in this case is sufficient to identify
the individuals structure and also the effect of the
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Figure 1. Physiological data from the Paspalum vaginatum Swartz was subjected
to multiple factor analysis (MFA). Photosynthesis, fluorescence, WHC/treatment,
pigment, and weight are represented as groupings of variables
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different groups of variables on this structure. The
five groups of variables coordinates were shown a
map of the compound group (Fig. 1).

In terms of the different groups contributions,
WHC/treatment has a significant contribution to
both axes 1 and 2 (RV = 88.17%). This means that
the two modalities (WHC and treatment type) had
a highly significant influence on all samples, par-
ticularly on the dispersion of the physiological
parameter values evaluated.

The group weight” contributes strongly to
MFA axis 1 and not to axis 2. Different conclusions
can be drawn regarding the contribution of each
group of variables to axis 2. The contribution of
pigment appears as to be the most statistically si-
gnificant, followed by the group *’photosynthesis™
which had a medium contribution in some treat-
ments to the axis 1 of the MFA and little to the axis
2. The results will help us to understand the struc-
ture of the individuals in the (1-2) design of the
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Figure 2. Loading plot describing the variables of treatments of the two-first principal components on the photosynthesis
parameters (A: photosynthesis rate, E: transpiration rate, gs: stomatal conductance, and WUE: water- use efficiency),
fluorescence parameters (Fv/Fm: maximum photochemical quantum yield of PSII, Fv/Fo: Efficiency of the water-
splitting complex on the donor side of PSII, Y(II): effective photochemical quantum yield of PSII, ETR: electron
transport rate) , pigment (chla:chlorophyll a,chlb: chlorophyll b, chla/b :chlorophyll a/b ratio and car:carotenoids and
fresh and dry weight (FWBA: the fresh weight of aerial biomass, FWBU: Fresh weight of underground biomass,
DWBA: the dry weight of aerial biomass, DWBU: Dry weight of underground biomass, of the Paspalum vaginatum)
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Figure 3. Biplot showing the effect of the banana biochar on the photosynthesis parameters (A: photosynthesis
rate, E: transpiration rate, gs: stomatal conductance, and WUE: water- use efficiency), fluorescence parameters
(Fv/Fm: maximum photochemical quantum yield of PSII, Fv/Fo: Efficiency of the water-splitting complex on the
donor side of PSII, Y(II): effective photochemical quantum yield of PSII, ETR: electron transport rate) , pigment
(chla:chlorophyll a,chlb: chlorophyll b, chla/b :chlorophyll a/b ratio and car:carotenoids and fresh and dry weight
(FWBA: the fresh weight of aerial biomass, FWBU: Fresh weight of underground biomass, DWBA: the dry
weight of aerial biomass, DWBU: Dry weight of underground biomass, of the Paspalum vaginatum)
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MFA. With this method,vector and loadings plots
display relationships between variables and PCs.
In this study, the vector and loadings plots were
used to evaluate the effect of banana waste bio-
char addition on physiological, pigments traits and
growth responses of paspalum vaginatum (Fig. 2).

Since the MFA method is considered as a
weighted PCA, the correlation coefficients be-
tween the variables studied (photosynthesis, fluo-
rescence, pigment characteristics, fresh and dry
weight of biomass) and the MFA factorial axes
are represented by vectors, whose length and di-
rection are proportional to the values of these co-
efficients (Fig. 2).

Furthermore, the pattern can be easily explained
by the group map and the loading plot. Indeed, the
individuals that are on the right of the factorial plan
having strong positive coordinates along axis 1. can
be explained by a high irrigation (100%) and no
amendment (C-control). These samples also have
significant weight and photosynthetic characteristics,
which clearly distinguishes them from other samples.
It should be noticed that the samples on the left with
negative values exhibit inverse characteristics (Fig. 3).

On the other hand, the samples at the top
of MFA axis 2 are distinguished by high irriga-
tion and a combination of biochar and compost
as treatment type. They are also characterized by
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Figure 4. Physiological data in seashore paspalum (Paspalum vaginatum Swartz) plants as
modified by three water regimes at 30 DAT using multiple factor analysis (MFA). The two-
first principal components’ treatments and groups of variables are depicted in a score plot
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Figure 5. Multiple factor analysis (MFA) of physiological data in seashore paspalum
(Paspalum vaginatum Swartz cv. ‘SeaSpray’) plants as affected by two factors. Score plot
describing the treatments and groups of variables of the two-first principal components
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Table 1. Results of two-way ANOVAs with factors biochar (B0, 2, and 3%), biochar compost combination (4BC
and 6BC%) addition and water regimes (100, 80, 60%) on photosynthesis parameters: A = net photosynthetic
rate (mmol m?s™), E = transpiration rate (mmol m?s™), gs = stomatal conductance (mol m?s'), WUE = water-use
efficiency (mmol m?s'/mmol m?s"') fluorecence parameters: ETR= electron transport rate (umol m~2s™"), Fv/Fm:
maximum photochemical quantum yield of PSII and pigment content chlorophyll a (mg-g'-FW ), chlorophyll b
(mg-g-FW), chlorophyll a/b ratio and carotenoids (mg-g'-FW )

Factors Treatments WHC Treatments*WHC
p-value <0.0001 <0.0001 <0.0001
A (umol-m2s™) -
Fisher-value 12.2 42.4 19.2
p-value <0.0001 <0.0001 <0.0001
E (mmol-m2s™) -
Fisher-value 21.78 16.9 30.42
p-value <0.0001 <0.0001 <0.0001
WUE (mmol-m2s-'/mmol-m2s') -
Fisher-value 5.586 17.413 11.511
p-value <0.0001 <0.0001 <0.0001
Gs (mol-m2s) -
Fisher-value 10.84 3.89 8.03
. p-value 0.0087 <0.0001 <0.0001
Ci (vpm) -
Fisher-value 3.35 21.29 6.60
p-value <0.0001 0.0234 <0.0001
ETR (umol'm=2s") -
Fisher-value 725.8 278.9 141
p-value 0.000583 0.080268 0.019483
Fv/IFm -
Fisher-value 4.35 2.58 2.15
p-value <0.0001 <0.0001 <0.0001
DWBA (g9) -
Fisher-value 725.8 278.9 14.1
p-value <0.0001 <0.0001 <0.0001
DWBU (g) -
Fisher-value 868.7 636.25 112.34
p-value 0.001381 <0.0001 0.000224
Chl a (mg-g"'-FW) -
Fisher-value 4.47 43.27 4.25
p-value <0.0001 <0.0001 <0.0001
Chl b (mg-g’'-FW) -
Fisher-value 24.65 39.72 10.63
. p-value <0.0001 <0.0001 0.007
Chl a/b ratio -
Fisher-value 7.91 11.02 2.79
. p-value 0.2152432 <0.0001 0.0007835
Carotenoids (mg-g'-FW) -
Fisher-value 1.46 76.54 3.70

pigment parameters and in some way by fluores-
cence and photosynthesis parameters (Fig. 3).

As the first factorial axis (17.23% inertia)
explains variability linked to WHC/treatment,
weight, and photosynthesis, while the second
axis (16.33% inertia) indicates fluorescence
and pigment performance.

Overall, treatments amended with biochar
and compost yielded high levels of fluorescence
and pigment, particularly 2B, 3B, and 4BC. In
general, the treatments mostly on top have been
high in pigment and had high photosynthesis
and fluorescence activities. In contrast, the three
treatments 2C 80, 2C 100, and CTR 100 had
high values of weight (DWBA,DWBU), A, and
WUE, but low values of Ci. The lowest treat-
ment was CTR 60, which meant that the soil only
had 60% WHC, resulting in low values of physi-
ological activity and weak paspalum growth

(Fig. 3). Further, Figure 4, named the individual
factor map, depicts the connection between the
category group (WHC/treatment) and the physi-
ological indicators. Hence, the black dots that
indicate the treatment kinds are the barycenter
of the colored dots corresponding to the mea-
sured parameters. Hence, the treatments located
at right had a low value of weight, and physi-
ological parameters. In contrast, the treatments
amended with biochar and compost addition had
revealed a high responses of gas exchange and a
heavy biomass.

The factor map provided by the MFA (Fig.
5) highlighted the overall effects of the treat-
ments and water-holding capacity obtained
through the experience of the physiological
and pigment data. Indeed, the diagonal line of
the right-hand plot of figure 5 reflects the evo-
lution of irrigation from bottom left to top right
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Table 2. Results of Scheffe test means of different treatments under three water supplies (100, 80, 60%) on
photosynthesis, fluorescence, fresh and dry weight of Paspalum vaginatum

Treatments
Factors
Control 2C 2B 3C 3B 4BC 6BC

Value 27.670 44.970 23.920 19.700 16.680 22.500 32.980
A (umol m2s)

Groups bc a cd d d cd b

Value 7.040 6.130 9.570 6.650 5.590 8.780 9.840
E (mmol m2s")

Groups bc c A bc [ ab a

Value 3.672 6.859 2.475 2.991 3.068 4.614 4.059
WUE (pmol m2s”'/mmol m2s)

Groups bc a [ c bc b bc

Value 0.132 0.247 0.141 0.183 0.114 0.097 0.099
gs (mol m2s™)

Groups ab a ab ab b b b

Value 97.556 110.000 | 149.667 | 141.000 | 207.889 | 191.889 | 157.222
Ci (vpm)

Groups a a a a a a a

Value 88.380 124.100 | 108.200 | 116.200 | 130.800 | 124.300 | 133.700
ETR (umol m2s7")

Groups c ab bc ab ab ab a

Value 0.611 0.685 0.780 0.738 0.715 0.759 0.756
Fv/Fm

Groups b ab a ab ab a a

Value 2.480 8.110 0.770 1.800 0.720 0.830 1.070
DWBA (g)

Groups b a d d d d d

Value 6.060 18.790 2.570 7.700 1.680 2.740 4.160
DWBU (g)

Groups c a ef b f e d

Value 0.524 0.552 0.562 0.541 0.506 0.680 0.623
Chl a (mg-g'-FW)

Groups b ab ab ab b a ab

Value 0.305 0.339 0.426 0.432 0.492 0.543 0.609
Chl b (mg-g"'-FW)

Groups e de cd bcd bc ab a

Value 1.768 1.662 1.400 1.306 1.123 1.259 1.072
Chl a/b ratio

Groups a ab abc abc c bc c

Value 0.036 0.035 0.041 0.043 0.039 0.038 0.042
Carotenoids (mg-g'-FW)

Groups a a a a a a a

(60% to 100%). While the diagonal of the left
plot reflects the role of addition of the amend-
ment. The combination of biochar and compost
had led to a high photosynthetic values and
weight even in treatments irrigated at 80% and
60% water supplies, especially for the treat-
ments 6BC 80, and 4BC_80. Both WHC and
the type of treatment successes to show that
amending soil with the combination of bio-
char and compost can provide the same result
as the treatment irrigated with 100% of water
supply. With the different addition of organic
amendments (biochar, compost or biochar and
compost combination), seashore paspalum ex-
hibited a significant result on growth respons-
es, physiological traits and pigment (Table 1).
Banana biochar application had positive effect
on variables observed on all treatments. Al-
most all of the variables in Table 1 have ex-
tremely significant effects on A, E, WUE, gs,

Ci, ETR, DWBA, DWBU, and chlorophyll b
(p-value<0. 0001).

The purpose of the present study is to com-
pare the different banana waste biochar effects
on physiological traits and growth responses
on seven treatments: control , 2C, 2B, 3C, 3B,
4BC and 6BC. The two ways analysis of vari-
ance was followed by a Scheffe test to conduct
a pairwise comparison of means; Table 2 sum-
marizes the results of this comparison. In com-
parison to the control, banana waste biochar and
compost combinations (4BC and 6BC) showed
the highest levels of transpiration (E), photosyn-
thetic rate (A), water-use efficiency (WUE), and
electron transport rate (ETR). In contrast, for
dry weight of aerial biomass (DWBA) and dry
weight of underground biomass (DWBU), sig-
nificantly were higher with treatments amended
with 2% compost (2C) comparing with others.
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DISCUSSION

The 2% compost treatment under 100% and
80% water regimes (2C_100 and 2C_80) showed
high values of photosynthetic parameters (A, E
and WUE) and a high weight of the fresh and dry
weight of aerial and underground biomass. [Amiri
et al., 2017] reported that adding vermicompost
enhances WUE. Banana biochar-compost addi-
tion at 4% (4BC) was the best treatment to im-
prove WUE in 60% water supply, while in 80%
and 100% water regimes, 4BC showed a little
improvement in WUE comparing to the control.
Our results showed that combining biochar with
compost enhance WUE of paspalum vaginatum
even in a 60% water regime, however, 6BC had
shown an efficient enhancement especially in
100% and 80% water treatments and not in 60%,
which was surprising. Furthermore, the treatment
2C had the more efficient effect of stomatal con-
ductance comparing to others. In comparison with
our results, [Abideen et al., 2020] found that bio-
char improved photosynthetic activity and chloro-
phyll fluorescence. Vaughn et al. [2018] reported
that adding biochar and compost mixtures as an
amendment for golf courses had the greatest fresh
weights, dry weights, shoot heights of bentgrass
compared to the 15% peat control. For 2B and 3B
treatments, WUE revealed a certain increase in
100% and 80% water regimes. In this sense, Hai-
der et al. [2015] found that water-use efficiency
was improved in 1.5% biochar addition and not
in 3% biochar addition. They argue that there is a
lot of reasons that can affect the 3% Biochar addi-
tion like the immobilization /adsorbed mineral-N.
Moreover, the study of Uzoma et al. [2011] based
on cow manure biochar addition on maize produc-
tion revealed that WUE was improved, with the
10, 15, and 20 t/ha mixing rate, which is in line
with our results (2% Biochar and 3% Biochar cor-
respond to 41.43 t/ha and 62.15 t/ha respectively).
Even if the irrigation was 100% WHC, the water-
use efficiency of paspalum vaginatum was not
strong enough which means that the grass doesn’t
need a huge quantity of water. We can understand
that giving a huge quantity of water didn’t mean
that the plant will grow better. However, with ir-
rigation of 60% and 80% water regimes and an
amendment with banana biochar and compost, the
paspalum vaginatum takes a sufficient quantity of
water as well as the mineral and organic nutrients
benefits for the plant growth. We noticed that the
highest value was from 2% compost soil irrigated

at 80% treatment followed by 4% banana biochar
compost soil treatment irrigated by 60%.

Amending treatments with compost alone or
with biochar as a single application (2C 100, 2C
80, 2B 100, and 2B 80), Paspalum vaginatum re-
quires more water for root development. In our
case, we irrigated each pot of paspalum vagina-
tum twice a week with 100% and 80%, which
correspond to 83 ml and 66 ml of water respec-
tively. While in amending with biochar and com-
post, seashore paspalum tended to accept less wa-
ter and a great response of fresh and dry weight,
photosynthetic and fluorescence activities. In our
study, 6BC 60 and 4BC 60 treatments had a
significant responses of growth. Unlike a single
addition of organic amendment, which requires a
greater amount of water, compost can supply nu-
trients and biochar can retain them in its pores to
provide them to the plant which is in line with the
finding of Vaughn et al. [2018].

Indeed, fluorescence parameters represent
the tool of the stressed plant. The (Fv/Fm) was
highly with the amended treatments but not with
the unmodified treatments. Also this parameter
synchronizes all photochemical phase as well as
photon trapping events. Furthermore, it is mu-
tually related to Fv/Fo, which is regarded as an
affirmation of a effectiveness of the moisture sys-
tem. (Kalaji et al., 2012), (Bussotti et al., 2020).

The variables of fluorescence could really repre-
sent a number of significant regulations in the pho-
tosynthesis process system [Zhang et al., 2019]. In
the paspalum vaginatum growing, the values of Fv/
Fm for all treatments were significantly higher ex-
pect the control at 60% water regime (ctr_60). For
the ETR, and Y(II), were significantly higher for
the 3% biochar treatment in 60% water regime than
the other treatments, indeed, the four fluorescence
parameters (Fv/Fm, Fv/Fo, ETR, and Y(II)) of the
biochar treatments had little change over the whole
growth in the three different water regimes. In that
concern, Water scarcity, according to Haider et al.
[2015], can have a detrimental effects on photosyn-
thetic activity leading to a decline in ETR and Y(II).

Y(II) and the photosynthetic electron trans-
port activity of rice leaves diminishes under water
stress, according to Xu et al. [2020], which is con-
sistent with our findings, which showed low ETR
and Y(II) values in the control treatment irrigated
at 60%. In our case, 60%WHC was considered
the minimum quantity of plant irrigation. Pas-
palum vaginatum had developed roots during the
60% WHC in the third group treatments, the fresh
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weight of underground biomass was greater also
with 4BC_60 and 6BC_60. Our results are con-
sistent to those studies of the Huang et al. [1997]
and Zhang et al. [2019], who assumed that root
growth is crucial for drought stress in turfgrasses.
Besides, the growth of strong roots and their len-
gth density has earlier become linked to greater
drought resistance [Marcum et al., 1995].

Environmentally, the parameters of treatments
amended with compost and biochar appear to be
linked to great climate factors for plants growth,
owing to the combination of biochar and compost
with a small amount of water. This organic amend-
ment combination allowed for the complete con-
struction of fluorescence machinery and growth.

The treatment amended by 2% compost and ir-
rigated with 100% of WHC had revealed a high
response of photosynthesis rate and stomatal con-
ductance with 100 pmol-m?s'and 0.3 mol-m?s’!
respectively. The same response was noticed with
the treatments amended with 2% compost and irri-
gated with 80% water regime. According to Singh
and Raja Reddy [2011], gs responded to almost all
various factors associated with photosynthetic pa-
rameters in general, which is consistent with our
findings (2% Compost at 100% and 80% of WHC).

Changes in gas exchange have been found to
be closely dependent on water condition in several
species of plants [ Yan et al., 2016]. Optimizing pho-
tosynthesis as well as stomatal conductance during
abiotic stresses is essential for plant species to pre-
serve carbohydrate production and diminish evapo-
ration in order to stay alive in arid zones.

Chlorophylls reveals remarkably similar re-
sponses to our pigment measurements.Generally,
all treatments irrigated with 100% of water sup-
ply were showed higher concentrations of Chlo-
rophyll a and Chlorophyll b whereas the treatment
irrigated with 80% and 60% exhibited a lower re-
ply treatments amended with banana biochar and
compost combination (6BC) had high values of
pigment compared to the control plants.

A similar result was observed in carotenoids
content (car), where the 4BC and 6BC treatments
of the three water regimes outperformed the oth-
er treatments. Sum up, the Chl a/b ratio profiles
closely reflects the control in three water supplies.
The 4BC and 6BC treatments had no effect on the
Chl a/b ratio.The 3C and 3B revealed significant
decrease in the Chl a/b ratio at 80 percent water
supply. The decrease of Chl b was higher than
that of Chl a under drought stress. This signifi-
cant decrease might be clarified by changing the

proportion against Chl a. [Jaleel et al., 2009; Jain
etal., 2010 and Ashraf et al., 2013].

MFA aided in the analysis of a set of observa-
tions based on pigment content, fluorescence, and
leaf gas exchange data in this study, providing an
accurate image of the observational data and the
connections between the factors registered at the
study. The analysis led to the gradual separation of
the entries as affected by banana waste biochar as
a singular addition and combined with compost.
Moreover, the use of the multicanonical analysis
highlighted the presence of specific groups (the
high values with the compost and banana waste
biochar addition, the treatments amended with
compost or biochar as singular and irrigated at
100% or 80%, and the group of control which had
a low physiological activities.

CONCLUSION

In sum, our findings revealed the main res-
ponses of Paspalum vaginatum to three distinct
regimes, depending on the effect of banana bio-
char and compost.The results obtained in this
study indicated that the two treatments (4BC and
6BC) had a greater response of the photosynthetic
and morphological apparatus to maintain a high
quality of seashore paspalum with a minimum
quantity of water. However, the paspalum vagi-
natum tended to a negative effect, mainly through
the increase of the chl a/b ratio, and a decrease of
fresh weight of roots with the control treatment
with the three water supplies. Under these con-
ditions, the management of luxury golf courses
could be expanded at a better price.As fresh water
exhaust caused by rapid urban and global climate
change, the use of a biochar and compost mixture
for turf irrigation purposes will be required. Fu-
ture field tests for severe drought would provide
a thorough explanation for Paspalum vaginatum’s
responses in arid and semi-arid zones.
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