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A B S T R A C T: 
The use of Diagnosis and Recommendation Integrated System (DRIS) in studying the concept of a plant's nutritional balance has 

become an efficient method for assessing plant nutritional status; this method limits nutrient location depending on plant demand, 

enabling the nutritional balance between the nutrients in the leaf sample. Aim of this study is to establish walnut DRIS norms and 

diagnosis nutrient imbalance by using DRIS and PCA (Principal component analysis) methods. One hundred four leaf samples 

were collected during two consecutive years (2016 and 2017) from three walnut orchards in Erbil governorate/ Iraq. The results 

showed that the smallest average NBI (Nutrient Balance Index) values are 125.6 and 27.2 respectively for both studied years 

which was coincided by high walnut productivity. The most limiting nutrient descending order as Fe>Na>Ca>K>P>N>Mg 

respectively for first-year samples, and N>Na>P>Fe>Mg>Ca>K respectively for the second year. From the result of PCA reveal 

that the nutrient concentration was explained in the low and high yield subgroups and the DRIS index by 61.95%, 87.75% and 

58.67% respectively for first-year and 79.22%, 60% and 65.95% respectively for second-year sampling. Several nutrient 

interventions in a single PC indicate that no nutrient imbalance in isolation could be diagnosed. 
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1. INTRODUCTION  

 

Common walnut species (Juglans regia L.) 

belongs to the Juglandaceae family, one of the 

most important horticultural crops in northern Iraq 

(Townsend and Guest, 1980). It is a valuable tree 

attained great concern from the farmers and 

villagers in the region from their economically 

and ecologically importance (Gauthier and Jacobs, 

2011, Sytykiewicz et al., 2019). 

 

 

 

 

 

 

Leaf analysis plays the main role in the 

physiological processes of the plants. Therefore, it 

becomes a successful tool for diagnosing the 

nutritional requirement of forest tree and crops 

(Carneiro et al., 2015). Nutritional diagnosis is an 

appropriate way of detecting deficiencies and 

allowing more efficient application of fertilizers 

(Carneiro et al., 2015, Silveira et al., 2005).  

Diagnosis and Recommendation Integrated 

System (DRIS) is regarded as an accurate system 

that uses pairwise relationship among nutrients 

and compare it with the high population 

productivity (references norm) which represented 

by the mean, variance and coefficient of variance 

(Silveira et al., 2005, Matos et al., 2018, Dias et 
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al., 2011). Many studies urge to established 

regional DRIS norm, that adapted for varieties of 

crops (Carneiro et al., 2015), that driven from the 

same local soil and climate condition (Talpur, 

2015). The mean of the deviations from the DRIS 

norm compose nutrient index (Bailey et al., 1997, 

Yao et al., 2013). The sum of absolute values of 

nutrient indices forms nutrient balance index 

(NBI) (Yao et al., 2013). Their value ranges from 

negative to positive with always the sum value of 

zero.  The excessive nutrient contents of crops are 

expressed by (positive indices), deficient (negative 

indices) and adequate (zero indices) (Geiklooi et 

al., 2018, Darwesh, 2011).  

 

Principal component analysis (PCA) is a 

multivariate mathematical reduction procedure, 

which reduced a large data set of variables 

(Principal component- PC) that contains most of 

the information in the original data set. PCA has 

been performed on DRIS indices by many 

investigators (Wairegi and Van Asten, 2011). 

However, several authors in Iraq have 

successfully used the DRIS method to interpret 

the results of leaf analysis for a wide range of 

plants such as lentils (Darwesh, 2011), wheat 

(Esmail, 2012, Esmail et al., 2019), soybean 

(Darwesh and Mustafa, 2012), barley (Dizayee 

and Hussein, 2017), Broccoli (Dizayee and Saleh, 

2017), . Whereas, there is not the availability of 

such information about nutrient balance for a 

walnut tree for local agriculture manager and 

orchard farmers who complain about the lack of 

production of these trees. The aims of this study is 

to establish the norm of walnut and assess nutrient 

balance index. 

 

 

2. MATERIALS AND METHODS  

2.1 Samples collection 

For this study, three areas in the northern 

part of Erbil province / Iraq were selected. In the 

following counties with their geographical 

coordinates, plant samples were collected using 

(GPS) a Global Positioning System (UTM): 

Shaqlawa District (38s E0439944 latitude 

N4028711 , elevation 963m above sea level ); 

Malakan village (38s E0463373 N4035073, 

elevation 1366 above sea level ); Choman (Warda 

village) (38s E0489275 N4057261, elevation 

1514m above sea level) (Figure 1).  The climate in 

the area is semi-arid and, characterised by wet, 

cold winter (December- March) and hot summer 

(Al-Kubaisi and Gardi, 2012).               

In each studied area a specific walnut orchard 

selected after previous obtained permission from 

the orchard owners. Two consecutive years of 

plant sampling were conducted in June 2016 and 

June 2017. Eighteen samples per study orchards 

were taken. 

2.2 Laboratory analysis  

The leaves samples have been dried at 

65C° for 48 hrs., ground and wet digested using 

H2SO4: H2O2 method (Cotteine, 1980). From the 

digestive samples N were determined  using the 

Micro - Kjeldahl method ; P was determined using 

the Molybdenum Blue method and measured by 

the Spectrophotometer; K using the Flame 

Photometer, while Ca and Mg was assayed by 

EDTA titrimetric method (Allen et al., 1974). 

 

2.3 DRIS calculation 
 

According to Beaufils (1971), the mean, 

variance and coefficient of variation (CV) for each 

possible nutrient pair ratio were calculated for 

both high and low yield populations. For each pair 

of nutrients, the mean and CV ratios that 

maximized the variance ratio between the low and 

high population were selected as norms for that 

pair of nutrients as described by Walworth and 

Sumner (1987).  For current study the reference 

population was defined as 12.6 Kg.tree
-1

 or 3.54 

t.ha
-1

, a population exceeded this limit considered 

as high yield and lower of this point regarded as 

low yielding population. 

 

DRIS provides a means of ordering 

nutrient ratios or products into a meaningful 

expression called the DRIS index. A nutrient 

index is the mean of deviations of the ratios 

containing a given nutrient from their respective 

optimum or norms value. All indices were 

balanced to nearly zero. Therefore, nutrient 

indices to sum zero. The more negative an index is 

the more insufficient nutrient compared to other 

nutrients being used in the diagnosis. 

Alternatively, a positive index showed that the 

corresponding nutrients were found in relatively 

excessive quantities. DRIS indices could be 

calculated for nutrients from following 

generalized equation as an example: 
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Where N/P is the ratio of nutrient from analyzed 

leaves tissue n/p is the ratio of nutrient from DRIS 

norm of paired nutrients from the population CV 

is the coefficient of variance(n/p) of the references 

(high yield population).  

Nutrient imbalance index (NBI) calculated 

from the sum of absolute values of the nutrient 

indices. The smaller the absolute sum (NBI), the 

lesser imbalance among nutrients. Whereas the 

larger the sum index, the more imbalance within 

nutrients (Agbangba et al., 2011, Wairegi and Van 

Asten, 2011, Snyder and Kretschmer Jr, 1988). 

 

2.4 Principal component analysis (PCA) 
 

The PCA was performed separately on the 

nutrient concentration data for low and high yield 

populations and DRIS indices (Sharma et al., 

2005). PCs with eigenvalues greater >1 regarded 

as significant. Only PC loadings in the 

eigenvectors having values greater than the 

selection criterion (SC) were considered as the 

significant loads. The selection criterion was as 

follows (Raghupathi et al., 2005, Geiklooi et al., 

2018):  

                             

 

2.5 Statistical analysis 

Descriptive, multivariate (Principal 

component analysis), normal distribution and 

DRIS calculation for parameters were performed 

by using (SPSS version 25) program and Excell 

spreadsheets. 
 

3. RESULTS AND DISCUSSION   

3.1  Diagnosis and Recommendation Integrated 

System (DRIS) 

 The results  show the descriptive statistics 

for leaf tissues of the walnut tree (Table 1). The 

data for the high and low yielding population was 

relatively less skewed, with most nutrients having 

a skewed value of less than 1. It is an indication 

that most data is normally distributed, therefore, 

suitable for the deriving the DRIS norm (Chanan 

et al., 2019). Because the symmetrical data 

provided a realistic approximation of the 

possibility of interactive effect variations in the 

productivity of walnut of different nutrients. The 

only marginal difference was noticed throughout 

the study period in the concentration of various 

nutrients between high and low yielding plants. 

More than 66% of walnut trees in first year 

sampling considered as high yielding population 

coincided with higher nutrients concentration 

compared with only 55% of high yield population 

for second year samples with decreases in 

nutrients concentration for most cases.  

All ratios of nutrients are presented in   

Tables (2 and 3 ) for both studying years with their 

mean, variance and coefficient of variance. 

Twenty - one ratios of nutrients were chosen as 

those with the highest ratio variants between the 

high and low yielding population and became the 

DRIS norm. These norms were used to calculate 

nutrient indices and nutrient imbalance indices. 

The choice of nutrient ratio with maximum 

variants of high and low yielding populations was 

used to maximize the potential of differentiated 

walnut with high yielding compared to inadequate 

yielding populations. 

The variant of the ratio indicated the importance 

of certain nutrient ratios against the results 

parameter with a very high ratio, which shows that 

the nutrient is essential for the plant (Raghupathi 

et al., 2005). The similar selected nutrient ratios 

for both studying years are: N/P, N/K, Fe/N, 

Mg/Na, Fe/Mg; and K/Na had greater 

physiological effects in leaf tissue. Photosynthesis 

rate influences K content through involvement in 

osmoregulation, protein synthesis and enzymes 

activation (Gardner et al., 2017). Among the 

essential functions of Fe in the plant, the body is 

the constituent of the enzyme as a metal 

activator.  The Fe deficiency causes chlorophyll 

formation to fail because Fe is essential for 

chlorophyll molecule biosynthesis 

through decreasing chloroplast size (Barker and 

Pilbeam, 2015). On the other hand, the intensive 

review of the literature showed that no study had 

been done to establish the DRIS walnut norms. 

However, the use of universal DRIS norms is 

suitable for several factors, such as soil type, 

climate and crop genotypes (Talpur, 2015). 
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 Figure 1: A. Locations of the studied area in northern part of Erbil province/Iraq. B. Study sites. 

 

 

Table 1: Descriptive statistics of nutrients in the walnut leaves from high and low yielding population for two consequence years 

2016 and 2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: 
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Comparison of leaf nutrients, nutrient ratio means and coefficient of variance (CV), variance between high and low yielding 

population in walnut during June 2016. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Comparison of leaf nutrients, nutrient ratio means and coefficient of variance (CV), variance between high and low 

yielding population in walnut during June 2017. 
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Depending on DRIS chart   Figures (2 and 

3),  the origin point in the center of the chart is the 

mean of each expression N/P, N/K and K/P for the 

population of high yielding plants, this is the 

composition required to increase the possibility of 

gaining a high yield. In another word, the ratio 

within the origin (in the center of the small circle) 

represents the optimum (balance) values of the 

studied nutrient concentrations for high yield of 

the plant. The nutrient ratio values situated 

between the two circles represented the critical 

value (imbalance). The outer values of both 

circles are high sufficiency or high deficiency 

depending on the direction of the arrow. Arrow 

points up as an index to sufficiency, while the 

downward arrow represents deficiency and the 

right the optimum or adequacy. The results in 

Figure 2 explain that, if the ratio between N/P is 

greater than 0.1776, the concentration of nitrogen 

increases while the concentration of phosphorus 

decreases, in this case, the phosphorus 

requirement of the plant increases. Moreover, if 

the N/P ratio is lower than 0.1424  the plant 

requirement for nitrogen increases, the same 

explanation for other nutrient ratios is true 

(Beaufils, 1971, Beaufils, 1973).  

The results of DRIS indices are shown in 

Tables ( 4 and 5). The most limiting nutrient 

descending order are as Fe>Na>Ca>K>P>N>Mg 

respectively for first-year samples, and are 

arranged as N>Na>P>Fe>Mg>Ca>K respectively 

for the second-year samples. Nitrogen deficiency 

is claimed to be the lack of the main nutrient that 

curbs plant growth and can also regulate forest 

ecosystem succession patterns (Kirchmann et al., 

2007). Compost or manure is commonly used 

biofertilizer as a source of N to minimize the input 

on the system. Adding these nutrients can give a 

positive effect on the soil's availability of P (Ohno 

et al., 2005). Residues of plant deciduous leaves 

and animal waste decomposed as elements fulfil 

the need for essential nutrients for walnut 

productivity.  

The smallest NBI value was 879 with an 

average NBI 125.6 for sample 8 during 2016, 

which produced from DRIS indices 219.9, 118.9, -

8.06, 80.79, 19.99, -48.03 and -383.5 for N, P, Ca, 

Mg, K, Na and Fe respectively and gave a yield of 

15.54 Kg.tree
-1

. While, sample 4 for second-year 

samples 2017 was more close to zero with NBI 

value 192.4 and an average NBI 27.2, which 

attained from DRIS indices 22, 2.51, -10.2, -

75.94, 32.6, 39.12 and -10.1 for N, P, Ca, Mg, K, 

Na and Fe respectively and produce a yield of 

13.27 Kg.tree
-1

. The highest NBI values for both 

years were 19063.4 and 4137.3 respectively for 

samples 2 and 18 respectively with deficiencies Fe 

for the first year and each of N and Fe for the 

second-year sample. Generally, increases in Fe 

deficiency during second-year sampling were 

observed compared to first-year sampling.  

 

3.2 Principal component analysis (PCA): 
PCA was performed for high and low yield 

population and DRIS indices as shown in Table 

(6). Retained PCs with eigenvalue more than one 

represented the greatest variability in the data set 

was consist of the first three PCs for high yield, 

and two PCs for low yield and DRIS indices with 

explained 61.95%, 87.75% and 58.67% 

respectively for first-year sampling 2016. Under 

each PC, the nutrient with eigenvector larger than 

the selection score (SC) was selected. The first PC 

of the high yield population had a positive 

correlation with N, P, and K and negative loading 

for Ca and Na, and it designated as (N+P+Ca-Na-

K+). The fundamental role of calcium in 

membrane stability and cell integrity by bridging 

phosphate and carboxylate groups of 

phospholipids and proteins, preferably on 

membrane surfaces, may involve an exchange of 

calcium at these binding sites with other cations 

(K+ and Na+) (Marschner, 2011). A very high 

correlation in PC1 represented by N, K and P 

respectively. there is an inverse relationship 

between foliage nutrients (N, P, K) in one 

direction and Ca and Na on the opposite direction. 

For the second PC, was expressed as loading for 

(Fe+Mg+Na+). All variables were changed in the 

same direction. While PCA conducted on the low 

yield population produced three PCs with 

eigenvalues up to 3.22 and total variance of 

87.75%. The first three PCs variances were 

explained by 46.11%, 24.47% and 17.16% 

respectively. PC1 had positive loading with N, P 

and inverse negative loading with Fe and Mg, as it 

designed (N+P+Fe-Mg-Na+). The contrasting 

relationship between N+P+Na and Mg+Fe was 

obtained. Fe deficiency may occur in plants grown 

on alkaline soils rich in Ca and Mg (Darwesh, 

2011). While (Havlin et al., 1999) stated that 

excessive phosphate anions could prevent Fe 

uptake and used by plants. 
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Figure 2: DRIS indices chart explain the optimum and critical values of some nutrients ratio for first-year samples 2016. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: DRIS indices chart explain the optimum and critical values of some nutrients ratio for second-year samples 2017. 
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Table 4: Diagnosis of nutrient imbalance by DRIS indices in walnut during June 2016. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Diagnosis of nutrient imbalance by DRIS indices in walnut during June 2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6: Principal component analysis of nutrient concentration for high and low yield population, as well as DRIS indices in 

walnut during June 2016. 
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The PC2 and PC3 (N+Na+K) and (Fe+Ca) 

was performed with a positive relationship and 

concentration changes in one direction. PCA on 

DRIS indices indicated of nutrients in two PCs 

that was designated as (N+P+Fe+Ca+Na+K) and 

(N+Fe+Mg+) respectively with total variance 

explained by 37.58% and 21.09% respectively. 

The positive relationship between nutrients 

obtained with highest loads for Fe and Mg in 

PC1and P, N in PC2. The positive interaction 

between P and N become commonly held view 

(Raghupathi et al., 2005). 

For second-year sampling 2017, PCA 

conducted on high yield population produced 

three PCs that represented by 33.84%, 25.33% 

and 20.05% of the variances respectively Table 

(7). Several nutrients involvement in PC1 

indicated an interaction between foliar nutrients, 

with positive loading for both N(0.936) and 

K(0.892) and negative loading for each one Ca (-

0.330) and Mg(-0.387) as designated (N+Ca-Mg-

K+). Deficiency of Ca and Mg in leaf tissues leads 

to a decrease in plant productivity. Ca play an 

essential role in membrane permeability, protein 

synthesis and carbohydrate transfer; while Mg is 

the main component in chlorophyll 

structure(Hirons and Thomas, 2018, Taiz and 

Zeiger, 2006). On the other hand, PC2 had shown 

positive loading for Fe and Ca with opposite 

change direction for P with high negative loading 

(-0.825). The third PC related to a positive 

correlation with Ca and Na and negative 

correlation to Mg(-0.75).  

For the low yielding population, only two 

PCs were retained with explaining 60% of total 

variance. The PC1 was effective in separating 

chemical nutrients into two groups based on their 

mobility. Phosphorus behalves in one direction 

with negative correlation (-0.841), while N, Fe, 

Mg, Na and K designated as (N+Fe+Ca+Na+) in 

the other direction with 22.44% of total variance. 

All these nutrients are essential in plant metabolic 

processes, such as synthesis protein, enzymes 

activity, chlorophyll, osmoregulation, 

phosphorylation and enzyme activation(Duca, 

2015). The calcareous soil is widely distributed 

worldwide including soils in the Kurdistan region. 

The availability of phosphorus in this soil is low 

due to the high content of calcium carbonate 

(CaCO3), which has led to phosphorus being 

chemically fixed (Esmail, 2012). 

Finally, PCA was performed on DRIS 

indices which produced two PCs with 45.73% and 

20.23% of explained total variance. Both PCs was 

designated as (N+P+Fe+Ca+Na+K+) and 

(N+Fe+Mg) respectively, in positive correlation 

and one direction change. Mg (a component of the 

chlorophyll molecule) and P and Fe play a direct 

role in photosynthesis. If these elements are not 

present in sufficient levels, photosynthetic activity 

will be significantly reduced (Jones Jr, 2012, 

Barker and Pilbeam, 2015).  

 
Table 7: Principal component analysis of nutrient concentration for high and low yield population, as well as DRIS indices in 

walnut during June 2017. 

 

 

 

 

 

 

 

 

 



Maulood. P. and .Darwesh.D  /ZJPAS: 2020, 32 (6): 14-24 
 23 

 

ZANCO Journal of Pure and Applied Sciences 2020 

 

 

 

 

4. CONCLUSIONS  

By developing the first DRIS walnut standards for 

northern Iraq, the results indicated that the local or 

regional DRIS norm is more convenient for local 

areas derived from special environmental 

conditions. It enables DRIS to demonstrate more 

reliable nutrient diagnosis deficiencies in the 

walnut tree.  The obtained results from PCA 

reveal that it gives an opportunity for more 

accurate nutrient diagnosis deficiencies which 

confirm the DRIS approach. Depending on the 

average NBI values of the second-year samples 

were closer to adequate condition than the first- 

year samples. Generally, Fe was the most 

deficient nutrient. The amount of nutrient inputs 

back to the soil comes only from leaves falling 

plants it is not sufficient to a fulfilled deficit of 

nutrients. Application of bio-fertilizer compost 

and manure may be the best choice to compensate 

for nutrient deficiencies. 
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