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Abstract.

Date palm production contributes significantly to socio-economic development and food security in the
dryland areas of Southern Tunisia. Soil degradation and nutrients depletion has dramatically increased
in recent years. This is leading to a decline in date palm yields in these oases based production systems.
Locally derived bentonite clay has been put identified as a new soil amendment to improve date
morphological characteristics and date production. In this study, a three year field experimental study
was carried out on 3 years old Deglet Nour date palms growing in sandy soil of a Tunisian oasis

(Fatnassa, Southern Tunisia). The study aim was to compare the effect of two amendment types: (i) sand



30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

3
(S) mixed with farm manure (M) and bentonite clay (B) (=BSM); and (ii) sand mixed with farm manure

(SM) on the soil characteristics and morphological features of date palm. The results indicated that soil
macro and micronutrient content were enhanced under BSM. Soil water retention in BSM also increased
t0 290+0.3 mm m compared to 70+0.2 and 50+0.5 mm mfor an untreated (no amendment) and SM
treatment, respectively. The amelioration of morphological characteristics was observed for the canopy
diameter reaching 226+0.6 cm in BSM treatment compared to 172+0.6 cm in untreated palm trees. The
height of the palms increased by 69+0.8 cm from 29+0.1cm in the control treatment, and leaf number
increased from 40 leaves palm™ in BS to 60 leaves palm™ in BSM treatment. The leaf mineral content
was significantly been improved in the third year, the leaf NPK contents were 220+0.6 mg kg, 17+0.1
mg kgt and 200+0.04 mg kg™* respectively, in BSM treatments. The effect of the farm manure and
bentonite clay was noticeable for the yield production, the SM and BSM treatments offered yields of
70+0.9 kg palm™ and 80+0.5 kg palm™, respectively. It could partly ameliorate the alternate year bearing
phenomenon of the Deglet Nour date variety. We conclude that, the joint application of farm manure
and bentonite clay does represent an viable option to further improve the production and resilience of
date palms in dryland areas.

Keywords: Deglet Nour; date palm; organic fertilizers; bentonite; manure; oasis; Tunisia.
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1. Introduction

In arid and semi-arid areas, agriculture has been concentrated in regions where water is available.
The oasis agro-systems is one of the important cultivation systems in these areas. Oases are
mainly found near underground aquifers where water can reach the surface naturally and can be
extracted through pumping (Mekki et al. 2013). For a long time, oasis agro-systems have played
an important role in the development of the arid areas and the settlement of humans in these areas
(Kadri and Van Ranst 2002; Tengberg 2012). They are seen as the opposite of desertification and
land degradation, thus they have the potential to contribute to carbon sequestration in the arid
areas (Lal 2004; Song and Zhang 2015). Date palm is the dominant crop in the oasis agro-system
along with other crops such as fruit trees, cereals, and herbaceous plants (Tengberg 2012).

In Tunisia, date palm contributes significantly to the socio-economic development in the arid and
desert areas of Southern Tunisia, the crop covers about 42,000 ha of agricultural land, with an
annual production of nearly 241.000 metric tons (Mbaga et al. 2011). However, degradation is a
growing threat to oases in Tunisia, mainly by soil salinization which stems from soil aridity and
saline water resources used for irrigation. 50% of the irrigated lands are affected by soil salinity,
while 25% are waterlogged and no longer suitable for cultivation (Besser et al. 2017). The
depletion of soil organic matter is a noticeable phenomenon in these agro-systems as they do not
support a thick vegetation cover that provide the organic matter input (Plaza et al. 2018).
Additionally, natural challenges such as drought events and wind erosion coupled with
mismanagement practices have contributed significantly to this loss in organic matter and soil
infertility (Mlih et al. 2016). Traditionally, animal or plant sources of organic matter has been
used as fertilizers in oasis agro-systems. Farmers use ca. 30 tonnes of sheep or goat manure per
hectare every 3 year to increase date palm production (Karbout et al. 2019). Manure is mixed

with or buried under a sand layer near the palm trunks to slow down its decomposition and to
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5
attain the maximum benefit of nutrients release (Mlih et al. 2019). Using organic fertilizers

secures the availability of nutrients for plant growth and helps maintain high moisture levels in
the rooting zone of the date palms. Manure, for example, contains macro and micro mineral
elements which are essential for crop growth (Fronning et al. 2008), it impacts soil physical
properties namely soil bulk density, soil aeration, moisture retention, and water infiltration
(Lehmann and Kleber 2015). Previous studies indicated that the application of organic
amendments to soil affects positively crop growth and increases the yield (Anyanzwa et al. 2011,
du Preez et al. 2011; Wood et al. 2018). The effect of applying organic fertilizers on date palm
growth and production has been investigated in previous studies. Ibrahim et al. (2013) showed an
increase in the number of leaves and number of bunches per date palm and an increase in fruit
yield after applying sheep manure. The increase in yield and fruit quality has been reported in
other studied (EI Mardi et al. 2006; Marzouk and Kassem 2011).

Bentonite is a clay-generated material, it is used as a soil amendment to ameliorate sandy soils
(Karbout et al. 2016; Karbout et al. 2015). It improves nutrient holding capacity, enhances soil
structure, and helps provide a better home for soil microorganisms (Alghamdi et al. 2018; Pusch
2015). Previous studies reported high crop production when bentonite was used as a soil
amendment (Datta et al. 2020; Mi et al. 2017).

The current study hypothesized that combining organic fertilizers with mineral fertilizers (i.e
bentonite clay) will have a positive effect on soil chemical properties, morphological
characteristics, and yield production. The study was achieved in a traditional oasis and traditional

farming practices were applied throughout the study period.
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2. Materials and methods

2.1.Site characteristics
This field study was carried out during three successive growing seasons of 2014; 2015 and 2016
on a Randomized, Complete Block Design (RCBD) that was implemented in a traditional oasis

in Fatnassa (33.8° N; 8.7° E), in Kebili governorate, Southern Tunisia (Figl).

o 25 "s 10
— —

Legend W Uon aceas
—— Rosas NS Tradilonsl ases (before 1972) (X New oases (sice 1984)
Tracks [ ) 072.1984)

Figure 1. Left: Map of the Nefzawa oasian region adapted from Marini and Ongaro (1988).The study area
is Fatnassa oasis in northwestern border of Nefzawa. Right: Plot design in the field for manure and bentonite

amendments.

The mean annual rainfall in these areas is 40 mm and the evapotranspiration can be as high as
2000 mm per year. In the winter the temperatures drop to 1.9 °C whereas, in the summer period
it can exceed 49 °C.

The experimental design contains nine plots with an area of 9 m? each (Fig 1), the plots were
planted with date palm of Deglet Nour variety only. The trees had the same vigor, height, and age
(3 years old) at the beginning of the experiment. Each plot contained two palms, in total 18 palms

were subjected to this research. Three treatments were conducted in three replicates as follows:



7

119 (i) untreated soil plots (U), (ii) sand mixed with farm manure and bentonite clay (BSM); (iii) and
120 sand mixed with farm manure (SM).

121 The plots were subjected to traditional cultural practices as followed by local farmers thus,the
122 amendments were incorporated manually using traditional farming tools. The manure was applied
123 at a rate of 27 kg per plot (equivalent to 30 t hat), the bentonite was applied at a rate of 8 t ha™.
124 The sand was applied at a rate of 180 kg per plot. The application of sand material is used by
125 farmers as it reduces the salinity of the soil and regenerate the soil (typically sandy soil) under
126 date palm. The chemical and physical characteristics of the amendment materials are shown in
127 Table 1.

128

129 Table 1. Chemical and physical characteristics for the amendments used for the treatments.

Type of amendment*

Farm Manure Bentonite Sand dune
pH 6.2+0.0 7.2+0.0 8.7+0.0
EC (dS.m%) 11.9+0.0 8.3£0.0 2.6£0.0
Organic carbon (g kg) 468+0.0 0.0+0.0 <0.05+0.0
Total nitrogen (g kg?) 62+0.0 2.2+0.0 <0.05%0.0
Extractable P (mg kg*) 175+2.6 3.4+0.0 0.3+0.0
Exchangeable K (mg kg™) 1230+0.2 65.0+£2.6 4.0+0.0
Bulk density (g cm®) 1.2+0.0 1.5+0.0 1.4+0.0
Permeability (cm ha'l) 45.2+0.2 22.1+1.3 67.4+2.3
130 *The applied farm manure (derived from goats and sheep) is traditionally used by farmers and the
131 bentonite clay was derived from a geological source in Gabe’s region.

132
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2.2.Soil analysis

A sampling campaign had been carried in January 2014 to assess the changes in the
physicochemical proprieties of the soil. Soil samples from the date palm rhizosphere zone have
been collected at three different depths (0-20, 20-40, and 40-60 cm). The samples were oven-
dried at 55°C before analysis.

The soil pH and the EC were measured using a pH meter (AD 3000) and (Jenway 3305)
respectively. The total organic matter was evaluated according to the analytical procedure of the
Walkley and Black rapid titration method (Black et al. 1965). The amount of nitrogen in the
digested sample was determined using the Kjeldahl distillation and titration method (Bremner and
Mulvaney 1982).

Manganese (Mn) and iron (Fe) contents were extracted by CaCl./ Diethylene triamine penta-
acetic acid DTPA/ CAT acid containing 14.75 g CaCl, .2H,0 and 7.88 g DTPA at a ratio of 1:10
(solid, liquid). The extracted solution was shaken for 1 hour in a horizontal shaking machine. The
suspension was then filtered through a filter paper. The calcium acetate lactate method (CAL)
was used to extract P and K (Hoffmann et al. 1991), from the collected samples, only 5 grams
were used in the extraction solution of 50 mL, maintaining the ratio of soil-to- solution of 1:20.
The extracted solution was prepared of 0.05 M calcium lactate (C6H10Ca0O6 x 5 H20), 0.05 M
calcium acetate ((CH3COOQ) 2 Ca x H20), and 0.3 M acetic acid (CH3COOH). This solution was
shaken for about two hours before being filtered. For the evaluation of useful water retention
(UWR), the HYPROP® method (METER Group, Minchen, Germany) was used according to the
procedure described by Schindler et al. (2010), coupled with the WP4® Dewpoint Potentiometer
(METER Group, WA, USA). Soil hydraulic conductivity was evaluated, however, independently

via the constant head method.
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2.3.Plant analyses

The canopy characteristics, the number of leaves per palm, and the palm trunk up to the meristem
epic were evaluated every year. The canopy diameter was measured physically by using meter
tape which was pulled up between the driplines of the palm crown. The number of the new
emerged leaves were defrenciated from the old leaves as the latter were identified by special paint.
The annual yield of fruit was recorded in November. After the harvesting, the mature fronds were
dried, grounded, and digested using a mixture of perchloric and sulphuric acids to determine the

contents of N, P, and K (Jones Jr et al. 1991).

2.4.Biennial bearing index

The biennial bearing index refers to the process where fruit trees shift between a year of high
yield and the following year with no production or low yield (Fioravango and Czermainski 2018).
The index was used to estimate alternate bearing by the following equation, adapted from Hoblyn

et al. (1937).

Absolute value of the dif ference between successive yields

Biennial bearing index = * 100

Sum of successive yields

2.5. Statistical analyses

All reported data represent the mean for the three replicates of each soil sample. The statistical
analyses were performed with SAS software 9.0. Differences between treatments 0-60 cm soil
layer were analyzed using one-way analysis of variance (ANOVA) using GML procedure with
Tukey’s Honestly Significant Difference (HSD) test (p<0.05). The significant differences
between the treatments are marked by different letters, the homogenous groups (not significantly
different) are symbolized by a common letter. A quantitative approach (i.e., averages,

percentages, standard, ANOVA, etc.) was also used to determine the effect of independent factors
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10
(e.g., soil fertilization) on dependent ones of date palm production based on cultivated area, per

tree, and applied amendment unit.
3. Results and discussion

3.1.Soil chemical and physical properties

Soils covering oasis lands have neutral pH values ranging from 7.5 to 7.6 (Table 2), indicating
that the spatial distribution of bentonite and organic amendment across the study area has no
significant impacts on the pH values of soils considering the buffering impacts all the soil depths.
The pH values are in agreement with previous findings (Marlet et al., 2009; Mlih et al., 2019;
Rejili et al., 2012). Higher EC values were observed in the upper layer (0-20 cm) with 8.8+0.6
ds/mL compared to the deep soil layers 6.0+0.2 ds mL™. The bentonite and organic amendment
significantly decreased the EC in the soil to reach 5.74+0.2 ds mL™* in the SM amendment. This
decrease continued further with depth in the other treatments. The measured EC values of the
sampled soils seem to be influenced by various factors namely the release of salts from gypsum
crusts, use of water with high minerals contents for irrigation, and the raise of the shallow saline
water table.

The upper soil layers are characterized by the highest TN and SOC contents (Table 2). The high
SOC values,10.2+0.1 and 7.8+0.9 g kg in BSM and SM respectively, indicated the relevant
effects of soil management by frequent organic matter supply, and surface-added farm manure.
These practices may have led to soil C accrual in the shallow soil depths (Kramer et al. 2017;
Sollins and Gregg 2017). The highest TN values, 1.8+0.1 g kg*, were reported in the upper
layers, of the soil and decreased significantly (p<0.05) at higher depths for all treatments
(Gregory et al. 2016; Mayes et al. 2014). The previous trends were also observed for P which
accumulated in the upper layers as a result of organic matter accumulation in these layers. The
highest value for (4.7+0.4 mg kg) was recorded for BSM treatment, while the untreated soil

0.7+0.6 mg kg* was accumulated in the soil, the accumulation of P was less pronounced at higher
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11
soil depths (Kimetu et al. 2008; Soinne et al. 2014). The exchangeable K increased with the

addition of farm manure and bentonite to reach 826.4+0.5 mg kg™ at 20-40 cm depth in BSM
treatment, which means eight times higher compared to the untreated soil value (100£0.78 mg
kgl). The increase in K values at all depths is attributed to the leaching effects (Cuadros et al.
2017; Wang and Huang 2001) (Table 2). The contents of both micronutrients, manganese, and
iron (Mn, Fe), were higher in the surface layers (0-20 cm) and (20-40 cm) in BSM treatment with
6.2+0.1 mg kg* and 3.6+£0.3 mg kg? respectively. It has been noticed that the micronutrients
tended to be concentrated in the upper soil horizons and were not easily leached. The measured
concentrations of Fe and Mn were within the permissible range for a large portion of the
cultivated crops. The more availability of both micronutrients was observed in the BSM
compared to the SM amendment. It can be seen that the application of manure along with
bentonite has improved the status of the micronutrients in the soil (Shahid et al. 2016).

The use of bentonite clay and organic amendments has also improved useful water retention
(UWR) of the oasis soil (Table 2). The UWR values increased from 70£0.2 mm m? in the
untreated soil to 290+0.3 mm m™ in the BSM treatment in the surface layer (0-20 cm). The
increase in UWR in the treatments amended with bentonite is evidence of the effect of clay-based
bentonite, increasing clay content in the soil profile has resulted in greater water retention (Tahir
and Marschner 2017). However, the UWR decreased significantly in the SM treatment (50£0.5
mm m?), which can be explained by the missing effect of bentonite which binds sand particles

and minimize high water flow (Saleth et al. 2009).
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Table 2. Effects of bentonite clay and organic (manure) amendments on soil chemical characterisitics. U untreated, SM sand and farm manure, BSM sand, bentonite and farm

manure.

Soil properties EC oH SOC TN P K Mn Fe BD Ks UWR
(ds m?) (9kg?)  (gkgh (mg kg™ (mg kg™) (mgkg™)  (mgkg?) (g m?) (cmh™) (mm m*)
Soil depth 0-20 cm
U 8.8+0.6c  7.6+0.3° 4.1+0.1*  1.0+0.1? 0.7 £0.6° 100+0.8? 3.7+0.42 2.2+0.12 1.5+0.62 9.5+0.6° 70+0.2°
SM 5.7+0.28  7.740.5%8 9.8+0.2¢  1.7+0.2° 4.5+0.32 458+0.1° 4.8+0.1b 2.8+0.02 1.340.0% 33+0.2° 50+0.5¢
BSM 8.5+0.4>  7.5+0.4% 10.2+0.1¢ 1.8+0.1° 4.7+ 0.4 826+ 0.5¢ 6.2+0.1¢ 3.6+0.3" 1.4+0.3° 10.7+2.02 290+0.3?
Soil depth 20-40 cm
U 6.7+0.12  7.54¢0.5* 7.0+0.12  1.7+0.1° 0.4+0.22 183.340.12 1.6+0.0° 0.9+0.12 1.5+0.62 6.6+0.4¢ 4040.42
SM 5.0+0.5¢ 7.5+0.2%8 6.6+0.1°  1.3+0.2° 3.8+0.6¢ 600.0+0.1¢ 4.0+0.2b 2.7+0.2° 1.4+0.6¢ 27.0+0.2¢ 40+0.6°
BSM 7.8+0.7°  7.8+0.92 7.1+0.2%  1.4+0.1° 1.5+0.1° 550.9+0.0° 3.7+0.0° 2.4+0.4° 1.540.3¢ 10.1+1.2° 4040.52
Soil depth 40-60 cm
U 6.0+0.2"  7.6+0.52 2.9+0.1*  0.7+0.12 0.4+0.72 150.040.72 1.540.32 1.440.12 1.6+ 0.6¢ 9.0+0.12 80+0.3?
SM 55+0.42  7.740.3%* 1.8+0.12  0.4+0.1° 1.5+0.5P 150.0+0.92 3.9+0.1b 2.9+0.3° 1.6+0.62 09.7+0.02 80+0.72
BSM 8.3+0.6¢  7.6+0.7¢ 1.8+0.12  0.4+0.1° 1.5+0.8° 150.040.22 4.5+0.4¢ 4.3+0.1¢ 1.5+0.3° 09.2+0.52 60+0.5
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3.2.0rganic and bentonite amendment effects on date palm morphological characteristics
3.2.1. Date-palm canopy

The application of the amendment did not affect the date palm canopy in the first year (Table 3).
The date-palm canopy increased significantly (p<0.05) in the second year (2015). The diameter
of the palm canopy reached 190+£0.9 cm and 195+0.5 cm in SM and BSM treatments, respectively.
The effect of this combination was more pronounced in the third year (2016) as the diameter of
the canopy reached 226+0.6 cm in BSM treatment. The amendments had a smaller effect on SM
treatment compared to that of BSM and untreated palm trees (172+0.6 cm). The results indicated
that combining bentonite with organic amendments has more effect on the diameter of the palm
canopy compared to farm manure and sand amendments only.

The amelioration of palm tree canopy reduces the evaporation rates by shading effect, and keep

keeps the soil wet under the canopy (D'Odorico et al. 2007).

3.2.2.  Number of leaves per palm

The number of leaves per palm in the first year of amendment application has shown no significant
variation. While in 2015, the number of leaves per palm increased significantly (p<0.05) from 40
leaves palm™ in the untreated soil to 50 leaves palm™ and 54 leaves palm™ for the SM and BSM,
respectively. In the third year of amendment, the number of leaves continued to increase to reach
a maximum of 60 leaves palm in the BSM treatment.

The findings give concrete evidence of the impact of bentonite mixed with organic amendments
on leaf reproduction. The increase of the leaves' number per palm means an increase in the leaves
mass which is essential for biological processes such as plant growth and reproduction (Wang et
al. 2019). In a previous study on date palm, palm Barje et al. (2016) found that applying farm
manure has improved the leaf length and areas. In sunny areas, large leaves for example play an
important role in regulating the microclimate and thus avoiding overheat (Wright et al. 2017).
Additionally, the leaves of palms can be used as windbreaks to reduce the effect of wind erosion
and help the farmers to produce compost from the waste of date palms (Abid et al. 2020;

Mohamed et al. 2020).
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253 3.2.3. Height of palm tree

254 No effect on the length of palm in the first season was recorded (Table 3), however, in 2015, a
255 significant (p<0.05) increase by 65+0.2 cm in the palm length in the BSM treatment was
256 observed, and an increase by 60+0.5 cm in SM treatment. The increase in length per palm
257 continued in the third season (2016), to reach 69+0.8 cm in the BSM treatment.

258 The amelioration in palm length improves its resilience against the strong wind blown especially
259 in the spring season in this region according to the local farmers’ experience.

260

261 Table 3. Effect of organic amendments farm manure (FM) with and without the addition of bentonite (B) on the
262 morphological characteristics of the date palm. U untreated, SM sand and farm manure, BSM sand, bentonite and

263 farm manure.

Number of leaves per

Treatments Date-palm canopy (cm) palm Palm height (cm)
2014 2015 2016 2014 2015 2016 2014 2015 2016

U 1724€0.22  172+#05°  172+¢1.2°  40°  40° 420  32+¢0.1° 33x0.2° 29+0.1°
SM 189+0.9°  190+0.9*°  192+1.0° 458  50*°  54*  37#0.2°  60+0.5*  59:0.3°
BSM 180+0.82 195+0.5° 226+0.62 412 540 60° 34+0.5% 65+0.22 69+0.8°¢

264

265 3.2.4. Leaf mineral content

266 The amendments' effect on NPK contents of date palm leaf was not significant in the first and

267 second seasons (Fig 2). However, the N contents recorded in the date palm leaves during the third

268 season were 160+0.9 mg kg? and 220+0.6 mg kg* for SM and BSM, respectively. P and K

269 contents were also high and recorded 16 mg kg and 17 mg kg for P, and 120 mg kg* and 200

270 mg kg for K in SM and BSM treatments, respectively.

271 The high contents of N, P, and K in the leaves indicate that application of organic and mineral

272 amendment has secured sufficient quantities of the most essential nutrients for palm growth. The
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findings are in agreement with Barje et al. (2016) findings after applying organic amendments for
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Figure 2. Effects of organic amendments of farm manure (FM) and bentonite (B) on the mineral content

of the leaf of Deglet Nour date palms. U untreated, SM sand and farm manure, BSM sand, bentonite and

farm manure.

3.2.5. Fruityield and biennial bearing index

The first season of the study (2014) was considered an off-year as it exhibited no significant

correlation with organic and mineral amendments application (Table 4). Despite the amelioration

that occurred on the soil physical and chemical characteristics, the annual production hardly
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exceeds 5.0+0.3 kg palm™*. The influence of bentonite clay mixed with organic fertilizers required

time to show a visible effect on fruit yield (Abdul Baki and Aslan 2005; Ibrahim et al. 2013).

The impacts of the application of the fertilizer were pronounced in the next year (2015). The SM
and BSM treatments offered yields of 70+0.9 kg palm™ and 80+0.5 kg palm™, respectively. The
findings are in agreement with Almadini et al. (2020) who attained an average production of 81.4
kg palm™ in a traditional oasis and 54.6 kg palm™ in a new oasis after application of farm manure.

Table 4. Effect of organic amendments farm manure (FM) with and without the addition of bentonite (B)

on fruit yield and bearing index. U untreated, SM sand and farm manure, BSM sand, bentonite and farm

manure.
P H -1
Treatments Date palm yleltil(%rfductlon palm Biennial bearing index
2014 2015 2016 2014-2015  2015-2016
U 5.0£0.3°  5.0+0.6° 3.2#1.2° 0.8 0.0
SM 4.8+1.0° 70+0.92 40+9.02 0.9 0.3
BSM 2.0+0.8% 80+0.5° 45+0.62 1.0 0.3

The yield has significantly dropped in the third year due to the lack of nutrient replenishment and
the continuous depletion of soil nutrients by plant uptake. The assessment of fruit production for
this year indicates the inadequacy of the applied amendments to overcome the biennial bearing
of palm plantations (Marzouk and Kassem 2011).

The previous findings were confirmed by calculating the biennial bearing index using the data for
fruit yield per palm (Table 4). The results indicate lower values in 2016 compared to 2015,
explained mainly due to the yield reduction mentioned above. The highest and lowest decline

were recorded in SM and BSM treatments, respectively. The obtained data highlights the
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requirement of a balanced application of organic and mineral fertilizers to meet the requirement

of the date palm tree.

4. Conclusions

The BSM application, i.e. sand (S) mixed with farm manure (M) and bentonite clay (B), improved
soil fertility (enhancing macro- and micronutrients) and date palm morphological characteristics.
It significantly increased palm leaf number, date canopy diameter, tree length, fruit yield
production and leaf mineral content. Furthermore, it could partly ameliorate the alternate year
bearing phenomenon of the Deglet Nour date variety. More assessments for the amendments
applied ratios and timing are however needed to fully overcome the biennial bearing issue. BSM
had a positive effect on soil water retention when compared to BS and unamended (U) soils. The
latter finding highlights that BSM thus can contribute to solutions for remediation strategies for

water scarcity more globally in dryland oasis agro-systems.
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