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Abstract: The main objective of this study is to understand the 

functioning of oak groves of Quercus ilex L. in the Aurès (eastern 

Algeria), by estimating the quantities of litter and their contribution 

of N P K elements. 

The quantities of litter were evaluated over a period of two years 

(2012 and 2013) in the oak grove of Larbaa (south of the province of 

Batna) by the installation, under the cover of trees, of a litter trap. 

The fallen litters were collected monthly, and then analyzed to 

measure N, P and K contents. Concerning the used statistical 

methods, nutrient results were subjected to ANOVA Analysis. 

The present research revealed that the studied oak grove received 1.3 

to 1.55 tons of total litter per hectare and per year. These litters 

ensured a supply of the soil in mineral elements N, P and K with 

quantities varied between 53.34 and 60.40 kg / ha. Contributions 

were dominated by the nitrogen element, supplied in large quantities 

by oak leaves.On the other hand, the monthly variation in the amount 

of litter and their NPK contents was significant, whereas the inter-

annual variation was not significant. 

This study revealed an important part of biogeochemical cycle of 

nutrients in the oak grove. Because, it highlights the contributions of 

litterfall inputs, which is considered as natural fertilizer to enrich the 

forest soil. 
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I. Introduction  

The holm oak, Quercus ilex L. occupies a very 

large part of forest areas in the Mediterranean 

region, with nearly 2 million ha [1], [2], [3]. In 

Algeria, the alarming regression of the areas 

covered by holm oak in few years from 354 000 [4] 

to 149 000 ha [5] has prompted Algerian 

researchers to work to better understand the 

functioning of these oak groves. 

For a sustainable management of these oak groves, 

studies that focus on the productivity of litter and 

their contribution of biogenic elements are very 

useful because of these elements present in large 

quantities in the biogeochemical cycle of nutrients, 

compared to other sources such as environmental 

deposits [6], [7], [8], [9], [10]. 

According to several studies [11], [12], the decrease 

in soil moisture over the next decades may reach 

25% by 2040. This aridity can affect not only the 

productivity and composition of forests [13], [14], 

[15], but also the amount of litter dropped and the 

key processes linked to its fall [16], [17], [18], [19], 

[3]. Although the holm oak is an intermediate 

drought tolerant species, several studies have 

reported that precipitation and water availability are 

probable causes of differences in the photosynthesis 

rate and litter production of this forest species [19], 

[3]. 

Studies on litter fallout and their NPK nutrient 

provisions are abundant in the literature worldwide 

[8], [20], [10], [3], [21]. However, in North Africa 

this topic of research remains very limited with the 

exception of a few works [22], [23]. For Algeria, to 
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our knowledge, no data on nutrient supply through 

holm oak litter is available. 

The main objectives of this study are 1) to quantify 

the NPK nutrient inputs by litterfall and 2) to assess 

the monthly and interannual fluctuations of these 

nutrients (NPK) in an oak grove with Quercus 

ilex L. 

 

II. Materials and methods 

The quantities of litter were evaluated in the Larbaa 

oak grove (35°27’19’’N, 6° 22’42’’E). It is located 

at an altitude of 1640 m, on the northern side of the 

S’gag forest, 28 km south of the town of Batna 

(Figure 1). The tree ages range from 50 to 90 

years.  

The vegetation of the studied oak grove consists 

mainly of Q.ilex with a density of 280 trees / ha. 

The slope from 10 to 18%. 

According to the data of the Ain Skhouna 

Meteorological station located at Batna Airport, the 

average annual amount of precipitation over 22-

year period (1989-2010) was 331.28 mm. Besides, 

the average temperature was 15.6 ° C for the same 

period, with a mean of maximal temperatures of 

35.57 ° C and a mean of minimal temperatures of 

0.06 ° C. In general, the dry period was very 

important, exceeding five months. 

 

Figure 1. The location of the study site 

 

To assess the quantities of litter that fell to the 

ground, twelve square wooden litter traps, 0.25 m2 

in area and 0.50 m in high, were installed under the 

tree canopy. The bottom of these collectors is 

formed by a plastic grid with 2 mm mesh. These 

collectors were placed on four supports of 0.50 m 

high and they are randomly spaced from each other 

5 to 10 m. 

The device used for this study is inspired from 

many studies [24], [23], [25], [26]. 

The litter in each litter trap was collected monthly. 

Then it is separated into three fractions (wood, 

twigs and bark (BBE), fruits and inflorescences (Fr 

and In) and leaves of holm oak (Fcv)). 

The different fractions of litter brought back were 

weighed, then kept cool in well-sealed plastic bags 

(their weightsare known). They were then dried at 

105 ° C until a constant weight and then reweighed 

separately. 

After drying, these different fractions are ground 

until a fine and homogeneous powder is obtained, 

ready for chemical analyzes. 

The quantification of biogenic elements was done 

by the following methods: 

- Total nitrogen by the Kjeldahl method; 

- Total phosphorus by spectrophotometer (650 nm); 

- Potassium by the flame photometer. 

It should be noted that the quantities of N, P and K 

elements are expressed in kg / ha / year. 

Concerning the statistical analysis, nutrient results 

were subjected to Analysis of Variance (ANOVA) 

at the 5% error threshold. The software used was 

SPSS version 10.0.5 (SPSS Inc.). Microsoft Excel 

was used for obtainingthe histograms relating to the 

quantities of litter and their nutrient provisions. 

 
III. Results 

III.1. Amounts of litter returning to the soil 

Our investigation revealed that the studied oak 

grove received between 1.3 and 1.55 tons of total 

litter per hectare and per year. On average, the leaf 

(Fcv) and fruit / inflorescence (Fr / inf) fractions 

were clearly dominant compared to the litter made 

up of wood, twigs and bark (BBE) during the two 

years 2012 and 2013 (Figure 2). 

Each of the Fr / inf and Fcv fractions represented 

more than 40% of the total biomass collected under 

the canopy in 2012 and 2013 (Figure 2). Their 

relative contributions are very close in 2012 (40.69 

and 40.92%), and slightly divergent in 2013 (44.68 

and 42.30% respectively). 
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Figure 2. Average proportions of litterfall fractions in thestudied oak grove 

 

For the monthly variation in litter fallout, Table 1 

revealed a significant difference concerning the 

amount of litter fall. Besides, Figure 3 shows 

clearly the two peaks that characterize the litter fall, 

the first between April and May and the second 

between October and November. During these two 

periods combined, the accumulations of litter 

represent proportions between 53.85 and 57.38% of 

the annual total of litter fallouts. 

 

 

Table 1. Intra-annual variation of total amount of litterfall in the studied oak grove. 

Parameter F P 

Total amount of litterfall 14,716 0,000 * 

             (*) Significant difference when the probability is p <0.05. 

 

 
Figure 3. Monthly variation of litterfall quantities (tons / hectare) 

 

III.2. NPK content of different litter fractions 

In general, ANOVA showed significant difference 

between fractions in their contents of NPK 

elements (Table 2). Furthermore, the results of 

Table 3 show that leaf fraction (Fcv) had the 

highest nitrogen contents (3.53% of the dry 
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weight); while the BBE fraction had the lowest one 

(1.26%). 

The same table also reveals on the other hand that 

the fruit and inflorescence fraction is the richest in 

K (1.69%) followed by Fcv and BBE. Whereas,the 

phosphorus contents were practically comparable 

for the three fractions (0.14 % for the leaf fraction 

versus 0.17% for the twig branch wood fraction). 

 

Table 2. ANOVA analysis of NPK contents of different fractions in the studied oak grove. 

Parameters F P 

Nitrogen  97,730 0,000 * 

Phosphorus  55,443 0,000 * 

Potassium  50,722 0,000 * 

(*) Significant difference when the probability is p < 0.05. 

 

Table 3. Content of NPK elements in different litter fractions. 

Fraction 
Content (% Dry Matter) 

N P K 

 
2012 2013 Average 2012 2013 Average 2012 2013 Average 

Fcv 3,73 3,32 3,53 0,14 0,13 0,14 1,73 1,52 1,63 

Fr/In 2,02 1,86 1,94 0,11 0,10 0,11 1,72 1,66 1,69 

BBE 1,28 1,23 1,26 0,17 0,16 0,17 0,68 0,59 0,64 

 

III.3. Supply of NPK elements through litterfall 

The results of NPK contributions from total litter 

show that soil mineral enrichment varied somewhat 

from year to year. Annual provisions were between 

53.34 (2012) and 60.40 kg / ha / year (2013). On  

 

average, the cover of the oak grove brings 56.87 Kg 

/ ha / year. 

The year 2013 appears relatively more productive 

in N, P and K elements than 2012 (Table 4).  

 

Table 4. Provisions of NPK elements (in kg / ha / year) via litterfall in the studied oak grove  

Fraction 

Element contribution (kg / hectare / year) 

N P K 
Total  

average 
2012 2013 Average 2012 2013 Average 2012 2013 Average 

Fcv 19,60 20,40 20,00 0,76 0,82 0,79 7,74 8,37 8,06 28,85 

Fr/In 10,79 13,99 12,39 0,65 0,73 0,69 9,06 12,46 10,76 23,84 

BBE 2,99 2,24 2,62 0,39 0,32 0,36 1,36 1,07 1,22 4,19 

Total 33,38 36,63 35,01 1,80 1,87 1,84 18,16 21,90 20,03 56,87 

 

The mineral contributions were dominated by 

nitrogen followed by potassium and finally 

phosphorus which remains very low. More than 

61% of the minerals returned to the soil during the 

two years of monitoring consist of the element 

nitrogen. Nitrogen in the litter was mainly localized 

in leaf fractions (Fcv) and flower inflorescences (Fr 

and In). The contributions of phosphorus by the 

litters in the studied oak grove were often low (1.80 

to 1.87 kg / ha). Furthermore, Potassium  

 

 

accumulated in the highest proportion in the leaves 

and inflorescences (Fr / In). 

On the other hand, Figure 4 represents the monthly 

variability of N, P and K provisions in the studied 

oak forest. The supply of nitrogen and potassium 

was particularly high in April, May (Spring), a little 

less in October and November (Autumn) and 

reduced in summer. 

Statistically, the monthly variations were highly 

significant for all the studied nutrients (Table 5). 
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Figure 4. Monthly variation of inputs NPK (kg / hectare) 

  

Table 5. Intra-annual and inter-annual variation of NPK provisions through litterfall of Quercus ilex L. 

 N P K contents 

F  P  

Intra-annual variation 33,154 0,000 * 

Inter-annual variation 0,060 0,808 

(*) Significant difference when the probability is p < 0.05. 

 

IV. Discussions 

IV.1. Amounts of litter returning to the soil 

The quantity of litter found in this study (1.3 to 1.55 

tons of total litter / hectare / year) is modest 

compared to the results found in other research for 

the same species [27], [28], [29], [20], [30], [23]; 

which reported quantities of 3-6.94 tons / ha / year). 

Nevertheless, these researchers evaluated the litter 

under trees whose height is between 4.5 and 6.3 m 

and the heights of the trees in our case are only 

between 3 and 4 meters. 

Besides, Bellot et al. [31] reported lower amounts 

of litter (2.3 tons / ha / year) for oak groves in 

Spain. 

Other studies carried out on Quercus spp. have 

reported average annual quantities that vary 

between 2.8 and 4.1 [32], [33], [34], [35], [10]. 

Our results are in concordance with those of [36], 

[24], wherefor certain years in Spanish oak groves, 

they found quantities which vary between 1.47 and 

1.6 tons / hectare / year. 

In a forest ecosystem, most authors agree that the 

type of stand and its composition, precipitation and 

temperature govern biomass production, litter fall 

and its temporal variation [20], [37], [38], [3]. 

According to Bindzi et al. [26], the litter fall is the 

consequence of an interaction between 

environmental factors and endogenous factors 

whose simultaneous action would cause the early or 

late fall of leaves, twigs, wood, inflorescences and 

acorns according to their resilience capacities. 

Drought leads, according to several studies, to a 

drop in productivity [13], [14], [38], [3]. The latter 

authors estimate that Mediterranean forest 

ecosystems can undergo a significant decrease in 

biomass in case of low precipitation and especially 

high evapotranspiration. 

This reduction in holm oak biomass may affect 

litter amounts. Andivia et al. [19] have previously 

reported that precipitation and water availability are 

likely causes of differences in litter production for 

Q. ilex populations. 

In addition, Edwards et al. [39] mentioned other 

factors that influence litter fall like leaf longevity 

and environmental conditions, including seasonal 

nutrient flow. 

Regarding the distribution of the different litter 

fractions, our results do not completely agree with 

previous studies [31], [20], [38], which found for 

the same species a litter composed of 55.7 to 68% 

of leaves and from 6.3 to 19% of fruits and 

inflorescences. The present study revealed 

contributions which do not exceed 45 % for the 

fractions of leaves (Fcv) and fruits and 

inflorescences (Fr / inf). 
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However, our results remain within the range stated 

by several works [40], [41], [42], [43], [44] who 

mentioned that the leaf fraction may vary from 41–

98% of total litter). 

This divergence of the different litter fractions can 

be attributed to the influence of weather conditions 

on the one hand, and to the interannual variability 

in the production of leaves, inflorescences and 

acorns. According to Bou et al. [38], years of 

abundance are often followed by years of low 

production. 

Our results relating to the monthly variation agree 

with previous studies [20], [45], [23], [38]. They 

showed that the percentages of fallen leaves have 

two peaks, the first is between April and May and 

the second between October and November. For 

our study, the intra-annual variation can be 

attributed mainly to the annual precipitation 

volumes and their time distribution. Rainfall 

volumes and temperatures determine the intensity 

of leaf, branch and acorn fall as well as the time of 

their fall [46], [47], [39], [3]. Several studies have 

confirmed that holm oak begins during extreme 

droughts by reducing the leaf area to combat water 

stress [46], [47], [38]. As for fruits, Bou et al. [38] 

asserted that the fall of Q. ilex acorns is favored by 

the mechanical effect of rains, while increased rains 

may promote the final growth of acorns. 

 
IV.2. NPK element content 

Compared to the study of Bussotti et al. [20], who 

found levels between 1.22 and 2.02% for holm oak, 

the nitrogen concentrations found in our case are 

higher especially for the leaf fraction (3.52%). This 

difference can be attributed to the different densities 

of the trees. Moreover, our results for nitrogen 

remain close and consistent with the study of 

Leonardi and Rapp [48] who observed that the N 

content can reach 3.6% in holm oak litter. 

Likewise for the potassium concentrations, they are 

slightly higher (0.64 to 1.69%) compared to the 

different studies on holm oak litter [48], [20], which 

reported levels not exceeding 1.31%. However, the 

substrate and the climatic conditions surrounding 

the holm oak were different. 

The relative phosphorus concentrations remain low 

as in other studies [20], [23]. 

Other factors may explain the different 

concentrations of nutrients such as the type of 

vegetation and to the particular climatic and 

edaphic conditions of the station [25]. In our oak 

grove, it is believed that drought probably 

contributed to the increase in nitrogen 

concentrations, after leaf reduction. Sardans et al. 

[49] have already mentioned that drought increased 

the concentrations of nutrients in the leaves of Q. 

ilex. 

 

 

 

IV.3. Supply of NPK elements through litterfall 

The result found (56.87 Kg / ha / year) is slightly 

higher compared to those found by other 

researchers [48], [20], [23] who recorded NPK 

quantities ranging from 20.52 to 47.5 Kg / ha / year 

in oak groves of Q. ilex. These relatively high 

nutrient contributions can be attributed, not only to 

the different climatic conditions and characteristics 

of the studied forests (density and age), but also to 

high concentrations of the nitrogen, in particular in 

the leaf fraction. Furthermore, the amount of the 

basic elements N, P and K depends on the amount 

of litter and the content of elements in the woody 

tissues [50].  

Le Gall [51] reported that trees growing on 

nitrogen-rich soils may have high nitrogen 

concentrations in their leaves. Besides, the 

availability of nutrients in the soil influences their 

concentrations in the leaves and organs of the tree 

[25]. Other studies have already reported that 

drought increased nutrient concentrations in the 

leaves of Q. ilex as a result of reduced leaf biomass 

[49].  

The order of importance of the NPK elements 

revealed by this study is similar to that found for 

the same species by Leonardi and Rapp [48]; 

Boulmane et al. [23] and Novák et al. [10]. 

The rate of nitrogen found in our case, relative to 

the total NPK is entirely in agreement with the 

results of Boulmane et al. [23] and Novák et al. [10] 

who asserted that nitrogen is the most abundant 

nutrient in holm oak litter (over 61% of total 

intake). The main supply of nitrogen, which is 

provided by the leaves of holm oak, means 

according to Uriarte et al. [52] that the spatial 

distribution of trees and the structure of the tree 

crowns play a very important role for the 

redistribution of nutrients that will return to the 

forest floor. 

Our results relating to the phosphorus input (1.84 

kg /ha /year) are lower than those of Boulmane et 

al. [23] who reported an amount of 3.16 kg / ha / 

year. 

Concerning the K element, it was higher (20.03 Kg 

/ ha / year on average) compared to the amounts 

found in other studies, which did not exceed 14 kg / 

ha / year [20], [23]. 

The temporal variability found in our study is 

compatible with the results of other holm oak 

forests [45], [23]. The latter researchers observed a 

strong monthly and interannual variability in the 

amounts of NPK elements. These litter 

contributions are spread over the whole year but the 

maximum intake was in April, May and September 

and November. The flow of nutrients varied 

according to the phenological parameters linked to 

the leaves, to the reproductive organs and the 

meteorological factors (storm) which can modify 

the monthly frequency of litter fallout and 

consequently NPK provisions [48], [23]. 
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V. Conclusion 

The present study brings new data concerning the 

quantification of holm oak litter and their 

provisionsin NPK elements during a period of two 

years in the region of Aurès. 

The solid fallout (litter) provides the forest soil with 

quantities ranging from 1.3 to 1.55 tons / ha of dry 

matter, mainly composed of the leaves, 

inflorescences and acorns of holm oak. Most of 

these organic mattersrecorded in spring and 

autumn. 

The annual contributions of NPK elements were 

between 53.34 and 60.40 kg / ha / year. The 

nitrogen was by far the most dominant (over 61% 

of total intakes). 

The quantification of litter and their contributions 

in other nutrients over much longer periods are 

desirable to understand the role of holm oak litter in 

the mineral nutrition of oak groves. 

The results of the present study revealed new data 

about the source that guarantees a large proportion 

of mineral nutrition of oak trees.These data are very 

useful in understanding the economy of nutrients of 

oak grove. The obtained results aim primarily the 

sustainable management of this oak grove, 

especially under climate change conditions. 

Moreover, the aspect related to the mineral demand 

by oak trees helps forestry engineers to more 

understanding the nutrient cycling, in order to 

control the quantities of wood and plant biomass 

that can be exploited without affecting the fertility 

of the soil, and consequently reduce the number of 

forest dieback and preserve the health of trees.  
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