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INTRODUCTION

Table grapes (Vitis vinefera) present an im-
portant crop production in Morocco. The area of 
the plantations is 49 000 ha, where 77% is for ta-
ble grapes and 23% for wine production (Agrima-
roc, 2021). The most used fertilization methods 
are surface or basal fertilizers, foliar fertilization, 
and fertigation. The Nitrogen (N), Phosphorus (P) 
and Potassium (K) requirements of the grapes dif-
fer in terms of units 100–120 kg/ha, 80–120 kg/ha 
and 120–180 kg/ha, respectively. Nitrogen pro-
motes plant growth and photosynthesis (Mu and 
Chen, 2021). Phosphorus enhances root growth 
and development, as well as plays a vital role for 

nutrient transport and for the metabolism of car-
bohydrates (Iqbal et al., 2022; Kim and Li, 2016; 
Samri et al., 2021). Potassium is considered as an 
element that increases production and improves 
fruit quality. It is also an essential element for the 
color and taste of the fruit (Harhash and Abdel-
Nasser 2010; Khan et al., 2022). It involves res-
piration; assimilation of chlorophyll transport and 
storage of carbohydrates (Hou et al., 2019).

Many farmers apply basal fertilizers based 
on granular slow and balanced release N-P-K 
fertilizers, early in the growing season, so plants 
have time to absorb these nutrients gradually. 
These granules stay in the ground and slowly re-
lease into the soil to provide fractional amounts 
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in terms of fertilizer. However, the type and 
amount of fertilizer needed in a grape produc-
tion depends on many different factors, such as 
type of soil and its compounds, plant age, phe-
nological stage, crop management, environmen-
tal conditions, and variety.

It has been shown that nutrient deficiency in 
grapes leads to reduced growth, yield as well as 
quality of the produce (Ali et al., 2021). Table 
grapes require much more nitrogen, especially 
during vegetative and veraison stages (Ferrara et 
al., 2018). In part, it has been shown that nitrogen 
deficiency decreases vegetative growth, causing 
excessive generative growth and thus, decreasing 
the crop production (Kacar, 1997). Conversely, 
excessive nitrogen can lead to excessive veg-
etative growth and reduction in yield as well as 
decrease the fruit quality (Chang and Kliewer, 
1991). The selection of accurate nitrogen doses is 
an important issue to maintain a balance between 
the vegetative and reproductive growth of grapes 
(Carranca et al., 2018). In other part, phosphorus 
is an essential nutrient for plant growth and devel-
opment, as well as an important limiting nutrient 
for the crops (Bindraban et al., 2020). Phosphorus 
plays a vital role to stimulate root development, 
such as the formation of seminal and hair roots 
as well as increased stalk, stem strength and re-
sistance to plant diseases (Havlin et al., 2005). It 
has also been found that phosphorus is found in 
soil naturally or can be applied as fertilizers but 
its availability is affected by many factors, such 
as clay soil content, calcium carbonate, pH, mois-
ture content, etc. (Samadi, 2006).

The Potassium (K) available in the soil can be 
taken up and transported to the leaves and berries 
(Ciotta et al., 2022). The amount of K in berries 
can represent more than 50% of K found in other 
plants oranges (Mpelasoka et al., 2003). The role 
played by K in grape is associated with enzymat-
ic synthesis and activation reactions, which con-
tribute to enhancement of berry ripening, sugar 
concentration and cell turgor maintenance (Gill et 
al. 2012; Karimi, 2017). Several research works 
reported that potassium fertilization increased the 
yield of grapes. Potassium fertilization improved 
fruit quality and sugar content. Furthermore, K 
plays a key role in solute transportation, parti-
tioning of assimilates, and in the synthesis of sev-
eral polyphenols that account for grape color and 
aroma (Ramos and Romero, 2016). 

In other part, chlorophyll a fluorescence 
measurement present a suitable way to evaluate 

photosynthesis efficiency and stress index of 
the crops (Govindje, 1995; Kumar et al., 2020; 
Strasser et al., 2024; Schreiber et al., 1987; Sch-
reiber, 2004;). This method can provide data 
on the ability of plants to respond and tolerate 
environmental stresses (Maxwell and Johnson, 
2000). The relationship between chlorophyll a 
fluorescence and nutrient status was evaluated 
in several studies on different species (Strand 
and Lundmark, 1995). specific stress index or 
chlorophyll a fluorescence, such as Fv/Fm, F0, 
Tfm Vi, Vj, ABS, ET0, DI0, TR0, RE0 and PI. Chlo-
rophyll fluorescence usually indicates the trans-
fer of electrons during the light phase of photo-
synthesis from the excitation of chlorophyll by 
light energy to the transfer of electrons for the 
dark phase. Usually, stress reduces variable flu-
orescence (Fv), initiative fluorescence (F0) and 
quantum yield (Fv, Fm). The ratio Fv/Fm varies 
between 0.75 and 0.85 in non-stressed plants 
and it is a good indicator for stress level status. 
Moreover, the PI presents the performance index 
of the leaf, and it is calculated from modeling of 
sixty parameters of leaf fluorescence. The more 
plants are stressed, the PI decreases (Živčák et 
al., 2008). The objective of this study was to 
investigate the effect of applying a basal fertil-
izer comprising 15% nitrogen, 15% phosphorus 
and 15% potassium on leaf chlorophyll a fluo-
rescence, plant growth and fruit yield of table 
grapes grown under the Mediterranean climate 
conditions of the northeast of Morocco.

MATERIALS AND METHODS

Experimental site

This study was carried out in the region of “El 
GARET” (34°59’51.0”N 3°03’50.9”W), north-
east of Morocco, on a production of 8-year-old 
table grapes (Figure 1a). This region is character-
ized by Mediterranean climate, with an average 
precipitation rate of 250–300 mm/year. The plant-
ing density was 2000 plants/ha. Each row was 
spaced at 3 m and the distance between two plants 
of the same row was 1.5 m. The “Regal” variety 
was used during this experiment. A dripper of 4 
L/h was used for irrigation. The crops have been 
managed according to the good practices of the 
commercial production of table grapes in Moroc-
co, regarding fertilization, irrigation, pesticides, 
etc.
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Treatments

Twenty-four trees were selected for each 
treatment (control (C) and plants treated (Tr) 
with basal fertilizer). A basal fertilizer (15-15-15) 
was applied on April 7th, 2022, at 5 cm under the 
ground and just above to the root system (Figure 
1b-c). An amount of 150 g/tree was applied for 
treated plants. A conventional fertilization pro-
gram was used by the grower (Table 1) in both 
control and treated plots, except for the prototype 
treatment plots where the basal fertilizer 15-15-
15 was applied.

Measurements 

Plant growth

Several parameters of plant growth were 
measured every 2 weeks from April until June. 
Measurements were recorded on 24 plants for 
each treatment (without (C) and with (Tr) fertil-
izer) and were realized on April 27th, May 11th, 
25th, June 8th, 23rd and July 4th, 21st 2022. The fol-
lowing parameters were recorded: plant height 

and number of sticks. One stick was selected for 
each tree in order to measure its length, number 
of nodes, number of fruit cluster. Then, the fifth 
shoot from the apex of the stick was selected in 
order to measure its length and also the number 
of fruit cluster per shoot.

Relative water content (RWC)

It presents one of the most appropriate mea-
sures of plant water status in terms of the physi-
ological consequence of cellular water deficit. 
Twelve samples were taken for two days (June 8th 
and September 21st, 2022), early in the morning, 
from each treatment and each sample represents 
a different plant. Each sample contains 5 leaves 
taken randomly from plants of the same block 
giving one sample. Top-most fully expanded 
leaves were sampled; the fifth leaf from the apex 
of the fifth selected shoot of the selected stick was 
taken for the growth measurements. Leaf square 
disc (2 × 2 cm) was used to cut the leaves, to 
obtain a total of about 4 cm2/sample. The sam-
pling proceeded quickly and the fresh sample was 
weighted in the field (W). Always, immediately 

Figure 1. Field experiments of table grapes, Cv. Regal (a); Basal fertilizer was applied 
on April 7th, 2022, at 5 cm under the ground and just above to the root system (b-c) and 

Measurements of leaf chlorophyll content (LCC) using the SPAD meter (d)
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in the field, samples were hydrated in distilled 
water to full turgidity and then moved to the labo-
ratory for 48 h under normal room light and tem-
perature. After hydration, the samples were taken 
out of water and were well dried of any surface 
moisture quickly and lightly with filter/tissue pa-
per and immediately weighed to obtain fully tur-
gid weight (TW). Samples were then placed in a 
steaming room at 80°C for 48 h and weighed to 
determine dry weight (DW). All weighings were 
done to the nearest mg. The formula of the calcu-
lation of RWC is presented as following (Eq. 1):

 RWC (%) = [(W-DW) / (TW-DW)] × 100 (1)

where: W – sample fresh weight, TW – sample 
turgid weight, DW – sample dry weight.

Leaf chlorophyll content (LCC)

An SPAD meter (SPAD-502Plus, Konica-Mi-
nolta, Langenhagen, Germany) was used for LCC 
records which present an indicator of leaf pho-
tosynthetic capacity and for the understanding of 
plant physiological status. SPAD meters are rou-
tinely used, as a non-destructive instrumentation 

to provide an instantaneous estimation of leaf 
chlorophyll content in situ (Figure 1d). Growth 
measurements were made on the fifth leaf from 
the apex of the fifth selected shoot of the selected 
stick. Measurements were recorded on 10 plants 
for each treatment, during two period of the day 
and two times during experiment (June 7th and 
July 13th). Each measure presents the mean of 
three records per each leaf sample. The SPAD 
was calibrated for each measure.

Chlorophyll a fluorescence and stress index

HPEA (Handey PEA, Hansatech, UK) was 
used for chlorophyll fluorescence records. Mea-
surements were made on a hot and sunny day, 
(August 22nd, 2022) (Tmax=37°C, Tmin=18°C, RH-
max=78%, RHmin=14%) from 12:30 until 13:15. 
Measurements were taken on the fifth leaf from 
the apex of the fifth selected shoot of the selected 
stick. For the stress fluorescence measurements, 
leaves were adapted to the dark for 30 min us-
ing a clip. Then, a light flash of 3000 µmol/
m2/s (650 nm) was applied for 1 s (gain = x1) 
on the leaf adapted to darkness for 30 min. The 

Table 1. The fertilizers program applied by the grower in the both control and treated plots; except for the prototype 
treatment plots where the basal fertilizer 15-15-15 was applied

Date Fertilizer Dose/ha Date Fertilizer Dose/ha

8/04 12-61-0
Magnesium sulfate (16%)

10 kg
6 kg 1/06

12-61-0
Nitrogen (30%)
Magnesium sulfate (16%)

8 kg
4 l

6 kg

10/04 Sulfric acid 4 l 5/06 Calcium nitrate (15-0-0-26)
Nitric acid

8 kg
2 l

14/04 Root Bio-stimulant 5 l 8/06 Amino acid (42%) and Total Nitrogen 
(14%) 10 l

17/04 28-14-14
Microtex LQ

10 kg
2.5 l 12/06 28-14-14

8-8-36
4 kg
6 kg

20/04 Nitrogen (30%) 7 l 15/06
12-61-0
Nitrogen (30%)
Magnesium sulfate (16%)

8 kg
4 l

6 kg

24/04 Calcium nitarte (15-0-0-26)
Nitric acid

8 kg
2 l 19/06 Calcium nitarte (15-0-0-26)

Nitric acid
8 kg
2 l

27/04 28-14-14
Magnesium sulfate (16%)

10 kg
6 kg 22/06 Amino acid (42%) and Total Nitrogen 

(14%) 10 l

30/04 Organic acid (41%) and
Fluvic acid (35%) 10 l 25/06 28-14-14

8-8-36
8 kg
3 kg

4/05 Root Bio-stimulant 5 l 28/06 Sulfric acid 2 l

8/05 12-61-0
Magnesium sulfate (16%)

8 kg
6 kg 01/07 8-8-36 10 kg

18/4 Organic acid (45%), Fluvic acid 
(25%), Potassium (3%) 10 l 05/07 Amino acid (42%) and Total Nitrogen 

(14%) 10 l

21/4 Zinc sulfate (34%) 7 kg 08/07 13-5-40 8 kg

2/5 28-14-14
Micronutrient mixture

10 kg
2.5 kg 12/07 Calcium nitarte (15-0-0-26)

Nitric acid
8 kg
2 l

28/05 Organic matter (16%) and K20 (7%) 4 l 1/06
12-61-0
Nitrogen (30%)
Magnesium sulfate (16%)

8 kg
4 l

6 kg
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measurements were taken on 10 plants for each 
treatment. The measured parameters indicate 
the transfer of electrons during the light phase 
of photosynthesis from the excitation of chloro-
phyll by light energy to the transfer of electrons 
for the dark phase and they are good indicators of 
plant stress (Strasser and Tsimilli-Michael, 2004). 
Many chlorophyll fluorescence parameters were 
measured, and each has a specific physiological 
indication (Table 2).

Fruit yield

At the end of the experiment; October 23rd, 
2022, the number of clusters was measured on 
24 plants for each treatment. Also, the fruit clus-
ter weight per plant was recorded on 8 plants for 
each treatment.

Statistical analysis

Statistical analyses were performed using 
IBM SPSS version 21-Software. For each pa-
rameter evaluated, replicates were taken for both 

treatments. Means with standard deviations were 
used to determine the differences between treat-
ments. The mean values obtained for the two 
treatments were compared by using Test of Stu-
dent and the significance level was P <0.05.

RESULTS AND DISCUSSION

Regarding the plant growth, no significant 
differences were recorded between control and 
the fertilizer treatment (Table 3). The initial 
measurements showed that plant height, number 
of sticks and length of selected stick and num-
ber of nodes per selected stick was the same for 
both treatments. These initial measurements were 
taken 20 days after the application of the fertil-
izer 15-15-15 (April 7th). However, 84 days later 
(July 21st), no significant effect of the fertilizer 
treatment was recorded on the number of leaves 
and clusters on the selected shoot, length of the 
shoot and finally on the number of clusters of the 
selected sticks. Thus, this obtained data could be 

Table 2. Physiological signification of each chlorophyll fluorescence parameters recorded on July 13th, 2022. 
HPEA was used for chlorophyll fluorescence measurements

Parameters Physiological signification

F0

It represents the emission by molecules of chlorophyll a excited in the structure of the antennas of 
photosystem II. F0 value is observed when the first stable electron acceptor of photosystem II called Qa is 
fully oxidized. It requires complete adaptation to the dark. F0 occurs at time base 0.

F1 Chlorophyll fluorescence at time 50 µs.

F2 Chlorophyll fluorescence at time 100 µs.

F3 Chlorophyll fluorescence at time 300 µs (K step).

F4 Chlorophyll fluorescence at time 2000 µs (J step).

F5 Chlorophyll fluorescence at time 3000 µs (I step).

Fm

Maximum fluorescence value obtained for a continuous light intensity. This parameter can only be called 
maximum fluorescence if the light intensity is completely saturated for the installation and the electron 
acceptor Qa is completely reduced.

Fv/Fm

This parameter widely used to indicate the maximum quantum efficiency of photosystem II. This parameter 
is considered to be a sensitive indication of the photosynthetic performance of plants with healthy samples 
generally reaching a maximum Fv/Fm value of around 0.85. Lower values than 0.85 are observed on 
exposed sample to some type of biotic or abiotic stressor which reduced the photochemical energy 
quenching capacity in the PSII.

Vi
Relative variable fluorescence at 30ms:
Vi = (F30ms - F0) / (Fm - F0) (Equation 2)

Vj
Relative variable fluorescence at 3ms.
Vj = (F2ms - F0) / (Fm - F0) (Equation 3)

ABS/RC Light absorption flux, for PSII antenna chlorophylls, by reaction center (RC).

DI0/RC Dissipation energy flow per PSII reaction center.

TR0/R Specific trapping flux at time zero.

ET0/RC Maximum electron transport flux per PSII reaction center.

RE0/RC Electron acceptors on the PSI acceptor side by PSII reaction center.

PItotal Leaf performance index.
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explained, in part, by the fact that the fertilizer did 
not affect plant growth during the first year and 
100 days after treatments could be not enough 
to change the crop growth (Garzón et al., 2011; 
Liu et al., 2021). Also, it could be explained, in 
another part, that the solid fertilizer in soil takes 
more time to be available for the uptake by crops 
(Zhou et al., 2022). Moreover, the soil resources 
in terms of nutrients, and the fertilizer uptake by 
plants (Table 1) was enough for growth and there 
was no need for more fertilizer.

For the RWC of the fifth leaf taken from the 
apex, no significant differences between treat-
ments were recorded (Table 4). On June 8th, RWC 
values were 18.8% and 18.0% for the control and 
the fertilizer treatment, respectively. After 103 
days (September 21st), it seems that the RWC 
was increased but not affected by treatment; the 
obtained values were 27.2% (control) and 28.0% 
(15-15-15). This means that the water status of 
this selected fifth leaf did not change with the fer-
tilizer treatment. Previous research work demon-
strated that RWC and leaf water content could be 
changed or not when applying fertilizer based on 

nitrogen, phosphorus, and potassium (Mamunur 
Rashid et al., 2016). This has also been reported 
by Wenyi et al. (2011) who showed that high con-
centration of N, P and K could affect the water 
content in the leaves. Conversely, the results of 
these studies did not show any difference in water 
content of the leaves and even the treatment of 
15-15-15 was applied.

Regarding the LCC (Table 4) of the fifth leaf 
taken from the apex of the shoot, no significant 
differences were recorded between treatments 
for both measurements taken on June 7th and July 
13th. Previous works showed difference in leaf 
chlorophyll content when N-P-K was applied 
(Fiorentini et al., 2019; Shaobing et al. 1999; Sidi 
et al., 2022). For the Chlorophyll a fluorescence 
measurement taken on the fifth leaf, from the 
apex of the plant, no significant differences were 
recorded between treatments for the control and 
the fertilizer treatment regarding the parameters 
F0, Fm, Fv/Fm, Vi Vj and values were respectively 
595, 2638, 0.7, 0.78 and 0,54 for the control and 
565, 2403, 0.75, 0.78 and 0.63, for the treatment 
with fertilizer (Table 5).

Table 3. Plant growth parameters measured on April 27th (Initial measurements) and on July 21st (final growth 
measurements) for the control and prototype plants without and with basal fertilizer 15-15-15

Parameter Control
(without)

Prototype
(+15-15-15)

Significance
(α=0,05)

Initial measurements (April 27th, 2022)

Plant height (cm) 125 ±8 128 ±7 n.s

Number of sticks/plants 5 ±1 5 ±1 n.s

Length of selected stick cm) 86 ±14 92 ±20 n.s

Number of nodes per selected stick 9 ±2 10 ±3 n.s

Final measurements (July 21st, 2022)

Number of clusters per selected shoot 2 ±1 2 ±1 n.s

Length of selected shoot* per selected stick (cm) 73 ±38 79 ±26 n.s

Number of clusters per selected shoot* 13 ±5 15 ±5 n.s

Number of leaves per selected shoot*(**) 10 ±4 11 ±3 n.s

Note: ** number of leaves per selected shoot recorded on May 25th, 2022. Data are mean of 24 repetitions ± 
standard deviation. n.s=not significant (α=0.05).

Table 4. Leaf relative water content (RWC) and leaf chlorophyll content (LCC) measured twice during experiments 
for the control and prototype plants without and with basal fertilizer 15-15-15.

Parameter Control
(without)

Prototype
(+15-15-15)

Significance
(α = 0.05)

RWC (June 8th, 2022) (%) 18.8 ±4.7 18.0 ±6.8 n.s

RWC (September 21st, 2022) (%) 27.2 ±5.3 28.0 ±5.5 n.s

LCC (June 7th, 2022) 35.5 ±5.4 33.2 ±6.4 n.s

LCC (July 13th, 2022) 43.9 ±3.0 42.0 ±5.4 n.s

Note: data are mean of 7 (RWC) and 24 repetitions (LCC) ± standard deviation. n.s = not significant (α = 0.05)
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Those parameters indicate, in part, that the 
stress status was the same for the control and the 
treated plants even air temperature was very high 
when the measurements were taken (37°C). As 
indicated in previous work, the ratio of Fv/Fm is 
between 0.75 to 0.85 for non-stressed crops, and 
with lowered values indicating plant stress (Kita-
jima and Butler, 1975; Maxwell and Johnson, 
2000). Moreover, previous works showed that ap-
plication of fertilizer based on N, P, K could en-
hance plant tolerance for high temperature stress, 
but the responses could be different according to 
many factors, such as: type of the crops, varieties, 
microclimate conditions, soil properties, nutrition 
status, etc. Regarding the ratios ABS/RC, DI0/RC, 
TR0/RC, ET0/RC, RE0/RC, they were not signifi-
cantly affected by the fertilizer treatment and val-
ues were 2.35, 0.57, 1.80, 0.78 and 0.39, respec-
tively, for the control and 2.61, 0.58, 1.88, 0.75 and 
0.42 for the plants with the N-P-K fertilizer. Those 
results indicate that the reaction center (RC) sta-
tus was the same for the control and for the treated 
plants and the number of electrons intercepted by 
the reaction center (ABS), dissipated as heat (DI0), 
Maximum electron transport flux per PSII reaction 
center (ET0) and Electron acceptors on the PSI ac-
ceptor side by PSII reaction center (RE0) was the 
same. This could mean that the photosynthesis 
machinery and the electron transfer chain between 
the PSII and PSI did not change, even if fertilizer 
was added and even under stress air temperature 
conditions (Song et al., 2014). In addition, the per-
formance index of the plant was the same for both 
treatment and value was 1.37. Finally, the OJIP 
curves (Figure 2) showed that the fluorescence 

according to time of application of the saturated 
flashlight (3000 µmol/m/s) during 1 s (or 1000 000 
us). The fluorescence was enhanced by the same 
rate for the control and prototype leaves from time 
50 µs (time corresponding for F) until 3000 µs 
(or time corresponding for F5). All those indica-
tors endorse the idea that plants’ stress status was 
not affected by the fertilizer treatment during this 
typical day with clear sky conditions and at mid-
day when air temperature was very high. Previous 
research mentioned that plants’ stress status could 
be changed instantly and this of course according 
to many edaphic and physiological factors (Bita 
and Gerats, 2013; Jerry et al., 2015; Niveola et al., 
2017; Wariach et al., 2012).

For the fruit yield, cluster weight was slightly 
decreased for plants with fertilizer treatment, but 
this was not significant. The number of clusters was 
74 clusters per plant for the control and 68 clusters/
plant for the treated plants. Also, the cluster weight 
did change, and values were 21 kg/ plant for both 
treatments (Table 6). These results confirm that 
the fertilizer application did not change the fruit 
yield as was suspected (Arora and Manav, 2012). 
In this case the fertilizer 15-15-15 was not enough 
to increase the yield of plants and the crops might 
achieve their need on nitrogen, phosphorus, and 
potassium without need for the supplement of 15-
15-15. Previous studies showed that fertilizer N, P, 
K could increase yield and productivity of plants 
(Boyhan et al., 2023; Hong et al., 2022; Sharma et 
al., 2022; Singh, 2022). This effect of fertilizer on 
yield could always depend on many factors, such 
as type of the crop, plant age, plant variety, micro-
climate conditions, soil properties, etc.

Table 5. Parameters of leaf chlorophyll fluorescence and stress index measured on August 22nd, 2022 (at mid-day) 
for the control and prototype plants without and with basal fertilizer 15-15-15

Fluorescence parameters Control
(without)

Prototype
(+15-15-15)

Significance
(α = 0.05)

F0 596 ±49 565 ±41 n.s

Fm 2638 ±495 2403 ±299 n.s

Fv/Fm 0.77 ±0.04 0.75 ±0.02 n.s

Vi 0.78 ±0.04 0.78 ±0.03 n.s

Vj 0.54 ±0.12 0.63 ±0.11 n.s

ABS/RC 2.35 ±0.24 2.61 ±0.53 n.s

DI0/RC 0.57 ±0.12 0.58 ±0.12 n.s

TR0/RC 1.80 ±0.13 1.88 ±0.14 n.s

ET0/RC 0.78 ±0.14 0.75 ±0.16 n.s

RE0/RC 0.39 ±0.07 0.42 ±0.06 n.s

PItotal 1.37 ±0.54 1.37 ±0.56 n.s

Note: data are mean of 10 repetitions ± standard deviation. n.s = not significant (α=0.05)
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CONCLUSIONS

This research work investigated the effect us-
ing the basal fertilizer 15-15-15 on leaf chloro-
phyll a fluorescence, plant growth and fruit yield 
of table grapes grown northeast of Morocco. Re-
sults showed that there were no significant differ-
ences between control plants and the prototype 
plants provided with the basal N-P-K fertilizer, 
for growth, yield, and fluorescence parameters. 
Further parameters will be needed for measure-
ments, in the future field trials, such as mineral 
content in soil, leaves, roots and fruits and sticks 
to quantify the N, P, K content and understand 
wherefore the 15-15-15 did not affect plant 
growth and yield.

Acknowledgments

Authors would like to thank all students and 
technical staff involved in this research work. 
Also, they would like to thank Fertika company 
for providing the tested fertilizer in this experi-
ment; and thank Mr. Mahmoudi Ahmed and his 
brothers who provided the experiment plots of 
table grapes to conduct this research trials.

REFERENCES

1. Agrimaroc. 2021. Fiche technique de la culture 
de la vigne au Maroc. Available on: https://www.
agrimaroc.ma/fiche-technique-de-la-culture-de-la-
vigne-au-maroc/

2. Ali I., Wang X., Abbas W.M. Hassan M.U. Shafique 
M., Tareen, M.J., Fiaz S., Ahmed, W., Qayyum, A. 
2021. Quality Responses of Table Grapes ‘Flame 
Seedless’ as Effected by Foliarly Applied Micronu-
trients. Horticulturae, 7, 462.

3. Arora N.K., Gill M. 2012. Influence of nitrogen, 
phosphorus and potassium fertilizers on yield and 
quality of grapes cv. perlette. HortFlora Research 
Spectrum, 1, 17–23.

4. Bindraban P., Dimkpa C., Pandey R. 2020. Explor-
ing phosphorus fertilizers and fertilization strategies 
for improved human and environmental health. Bi-
ology and Fertility of Soils, 56(3), 299–317.

5. Bita C.E., Gerats T. 2013. Plant tolerance to high 
temperature in a changing environment: scientific 
fundamentals and production of heat stress-tolerant 
crops. Frontiers Plant Science, 31(4), 273. 

6. Carranca C., Brunetto G., Tagliavini M. 2018. Nitro-
gen nutrition of fruit trees to reconcile productivity 
and environmental concerns. Plants. 7, 4.

7. Chang S., Kliewer W. 1991. Effect of nitrogen forms 

Figure 2. OJIP curves of the control and prototype plants without and with basal fertilizer 
15-15-15, respectively. Data are mean of 10 repetitions ± standard deviation

Table 6. Plant yield of the control and prototype plants without and with basal fertilizer 15-15-15, respectively
Parameter Control (without) Prototype (+15-15-15) Significance (α = 0.05)

Clusters number per plant 74 ±15 68 ±18 n.s

Clusters weight (kg)/plant 21 ±6 21 ±4 n.s

Note: data are mean of 8 (clusters weight) and 24 repetitions (cluster number) ± standard deviation. n.s = not 
significant (α = 0.05).



137

Ecological Engineering & Environmental Technology 2023, 24(7), 129–138

and rates, shade, and presence and absence of Ca++ 
on the growth, tissue nitrogen compositions, and fruit 
quality of grapevines. In International Symposium 
on N in grapes and Wine. Eds Rantz J.M., 228–238.

8. Ciotta M.N., Ceretta C.A., Veridiana Krug A. 
Brunetto, G. Nava G. 2021. Grape (Vitis vinifera 
L.) production and soil potassium forms in vine-
yard subjected to potassium fertilization. Revista 
Brasileira de Fruticultura, 43(1), e-682.

9. Dong W., Qin J., Li J., Zhao Y., Nie L., Zhang Z. 
2011. Interactions between soil water content and 
fertilizer on growth characteristics and biomass 
yield of Chinese white poplar (Populus tomentosa 
Carr.) seedlings, Soil Science and Plant Nutrition, 
57(2), 303–312. 

10. Ferrara G., Malerba A.D., Matarrese A.M.S., Mon-
delli D, Mazzeo A. 2018. Nitrogen Distribution in 
Annual Growth of 'Italia' Table Grape Vines. Front 
Plant Sci., 29(9), 1374. 

11. Fiorentini M., Zenobi S., Giorgini E., Basili D., 
Conti C., Pro C. 2019. Nitrogen and chlorophyll 
status determination in durum wheat as influenced 
by fertilization and soil management: Preliminary 
results. PLoS ONE, 14(11), e0225126. 

12. Garzon E., Gonzalez-Andres F., García-Martínez 
V.M., Paz, J. M. 2011. Mineralization and nutrient 
release of an organic fertilizer made by flour, meat, 
and crop residues in two vineyard soils with dif-
ferent pH levels. Commun. Soil Science and Plant 
Analysis, 42, 1485–1496. 

13. Gill P., Ganaie M., Dhillon W., Singh N.P. 2012. 
Effect of foliar sprays of potassium on fruit size 
and quality of ‘Patharnakh’pear. Indian Journal of 
Horticulture, 69, 512–516.

14. Govindje E. 1995. Sixty-three years snce kautsky: 
chlorophyll a fluorescence. Australian journal of 
Plant Physiology, 22, 131–160. 

15. Harhash M.M., Abdel-Nasser G. 2010. Improving 
of fruit set, yield and fruit quality of“ Khalas” tissue 
culture derived date palm through bunches spraying 
with potassium and/or boron. Australian Journal of 
Basic and Applied Sciences, 4(9), 4164–4172.

16. Havlin J.L., Beaton J.D. Tisdale S.L., Nelson W.L. 
2005. Soil Fertility and Fertilizers: 7th edition. An 
Introduction to Nutrient Management. Upper Sad-
dle River, New Jersey, USA.

17. Hou W., Tränkner M., Lu, J. 2019. Interactive effects 
of nitrogen and potassium on photosynthesis and 
photosynthetic nitrogen allocation of rice leaves. 
BMC Plant Biology, 19, 302.

18. Iqbal A., Qiang D., Xiangru W. 2023. Phosphorus and 
carbohydrate metabolism contributes to low phospho-
rus tolerance in cotton. BMC Plant Biology, 23, 97.

19. Jerry L. Hatfield J., Prueger H. 2015. Temperature 
extremes: Effect on plant growth and development. 

Weather and Climate Extremes, 10, 4–10. 
20. Kacar B. 1997. Fertilizer application. Ankara Univ. 

Agricultural Fac., Ankara. 1490, 441.
21. Karimi R. 2017. Potassium-induced freezing toler-

ance is associated with endogenous abscisic acid, 
polyamines and soluble sugars changes in grapevine. 
Scientia Horticulturae. Wageningen, 215, 184–194.

22. Kim H., Li X. 2016. Effects of Phosphorus on Shoot 
and Root Growth, Partitioning, and Phosphorus 
Utilization Efficiency in Lantana, HortScience, 
51(8), 1001–1009. 

23. Kitajima M., Butler W.L. 1975. Quenching of chlo-
rophyll fluorescence and primary photochemistry 
in chloroplasts by dibromothymoquinone. Biochim 
Biophys Acta, 376, 105–115.

24. Kumar D., Singh H., Raj S., Soni V. 2020. Chloro-
phyll a fluorescence kinetics of mung bean (Vigna 
radiata L.) grown under artificial continuous light. 
Biochemistry and Biophysics Reports, 24, 100813. 

25. Liu J., Shu A., Song W., Shi W., Li, M., Zhang W., Li 
Z., Liu G., Yuan F., Zhang S., Liu Z. Gao, Z. 2021. 
Long-term organic fertilizer substitution increases 
rice yield by improving soil properties and regulat-
ing soil bacteria, Geoderma, 404. 

26. Maxwell K., Johnson G.N. 2000. Chlorophyll fluo-
rescence: a practical guide. Journal of Experimental 
Botany, 5(345), 659–668. 

27. Mpelasoka B.S., Shachtman D.P., Treeby M.T., 
Thomas, M.R. 2003. A review of potassium nutri-
tion in grapevines with special emphasis on berry 
accumulation. Australian Journal of Grape and Wine 
Research, Oxford, 9, 154–168. 

28. Nievola C.C., Carvalho C.P., Carvalho V., Rodrigues, 
E. 2017. Rapid responses of plants to temperature 
changes. Temperature (Austin), 4(4), 371–405.

29. Peng, S., Sanico A.L., Garcia F.V., Laza R.C., 
Visperas R.M., Descalsota J.P., Cassman, K.G. 1999. 
Effect of leaf phosphorus and potassium concentra-
tion on chlorophyll meter reading in rice. Agronomy 
and Horticulture. Faculty Publications, 1215.

30. Ramos M.C. Romero M.P. 2016. Potassium uptake 
and redistribuition in Cabernet Sauvignon and Syrah 
grape tissues and its relationships with grape qual-
ity parameters. Journal of the Science of Food and 
Agriculture, 97(10), 3268–3277. 

31. Rashid M.M., Jahan M Shariful Islam K. 2016. 
Impact of Nitrogen, Phosphorus and Potassium on 
Brown Planthopper and Tolerance of Its Host Rice 
Plants. Rice Science, 23(3), 119–131.

32. Samadi A. 2006. Potassium exchange isotherms 
as a plant availability index in selected calcareous 
soils of Western Azarbaijan Province, Iran. Turkey 
Journal of Agriculture, 30, 213–222.

33. Samri S.E., Aberkani K., Said M., Haboubi K., 
Ghazal H. 2021. Effects of inoculation with 



138

Ecological Engineering & Environmental Technology 2023, 24(7), 129–138

mycorrhizae and the benefits of bacteria on physi-
cochemical and microbiological properties of soil, 
growth, productivity, and quality of table grapes 
grown under Mediterranean climate conditions. Jour-
nal of Plant Protection Research, 61(4), 337–346.

34. Schreiber U., Neubauer C. 1987. The polyphasic 
rise of chlorophyll fluorescence upon onset of strong 
continuous illumination: II. partial control by the 
photosystem II donor side and possible ways of in-
terpretation. Zeitschrift Fur Naturforsch. - Section 
C, Bioscience, 42(11), 1255–1264.

35. Schreiber, U. 2004. Pulse-Amplitude-Modulation 
(PAM) Fluorometry and Saturation Pulse Method: 
An Overview. In: Papageorgiou, G.C., Govindjee 
(eds) Chlorophyll a Fluorescence. Advances in 
Photosynthesis and Respiration, Springer, Dor-
drecht, 19, 279–319.

36. Sharma R.P., Datt N., Sharma P.K. 2003. Combined ap-
plication of nitrogen, phosphorus, potassium and farm-
yard manure in onion (Allium cepa) under high hills, 
dry temperate conditions of north-western Himalayas 
Indian Journal of Agricultural Sciences, 73, 225–227.

37. Singh A., Singh S.P., Singh, B.O. 2002. Effect of 
VAM and inorganic fertilizers on growth and yield 
of onion (Allium cepa L.). Journal of Vegetation 
Science, 29, 40–42.

38. Song Y., Chen Q., Ci D. 2014. Effects of high tem-
perature on photosynthesis and related gene expres-
sion in poplar. BMC Plant Biology, 14, 111.

39. Strand M., Lundmark T. 1995. Recovery of 

photosynthesis in 1-year-old needles of unfertil-
ized and fertilized Norway spruce (Picea abies (L.) 
Karst.) during spring. Tree physiology, 15(3), 151–8.

40. Strasser R.J., Tsimilli-Michael M., Srivastava A. 
2004. Analysis of the chlorophyll a fluorescence 
transient. In: Papageorgiou G.C., Govindjee, edi-
tors. Chlorophyll a Fluoresc. A Signat. Photosynth. 
Springer Netherlands; Dordrecht, 19, 321–362. 

41. Ullah Khan S., Alizai A.A., Ahmed A., Sayed S., 
Junaid M., Kanwal M., Ahmed A., Alqubaie A.I, 
Alamer K.H., Ali. EF. 2022. Investigating the role 
of potassium and urea to control fruit drop and to 
improve fruit quality of “Dhakki” date palm. Saudi 
Journal of Biological Sciences, 29(5): 3806–3814. 

42. Waraich E.A., Ahmad R., Halim A., Aziz T. 2012. 
Alleviation of temperature stress by nutrient man-
agement in crop plants: a review. Journal of soil 
science and plant nutrition. 12(2), 221–244. 

43. Xiaohuan M., Yanling C. 2021. The physiological 
response of photosynthesis to nitrogen deficiency. 
Plant Physiology and Biochemistry, 158, 76–82. 

44. Zhou Z., Zhang S., Jiang N., Xiu W., Zhao J. Yang 
D. 2022. Effects of organic fertilizer incorporation 
practices on crops yield, soil quality, and soil fauna 
feeding activity in the wheat-maize rotation system. 
Frontiers in Environmental Science, 10, 1058071.

45. Živčák M., Brestič M., Olšovská K., Slamka P. 
2008. Performance index as a sensitive indicator of 
water stress in Triticum aestivum L. Plant, Soil and 
Environment, 54(4), 133–139.


