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Abstract: Nutritional diagnosis is an important tool for increasing quality and quantity of yield 
through efficient fertilization management. The Diagnosis and Recommendation Integrated System 
(DRIS) was developed to incorporate the importance of nutrient balance into plant analyses. 
Preliminary DRIS norms for sweet pepper were developed during 2011 growing season in Ismailia 
governorate. DRIS norms were established from a data bank of a leaf nutrient concentration (N, P, K, 
Fe, Zn and Mn) and fruit yield with 130 samples gathered from 26 commercial fields. The data were 
divided into high-yielding (≥ 14.8 ton ha-1) and low-yielding (< 14.8 ton ha-1) sub-populations and 
norms were computed using standard DRIS procedures. The DRIS norms for P, K and Mn with high 
V2

l/V
2

h ratio and low coefficient of variation (CV) found in this study probably can provide more 
security to evaluate the P, K and Mn status of pepper plants. These norms were developed with data 
from only one cropping region, so they should be considered as preliminary, probably requiring some 
modification as more data become available. 
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INTRODUCTION 
 

 The DRIS technique of plant nutrient analysis was developed in 1973 by Beaufils at the University of Natal, 
South Africa. The method makes multiple two-way ratio comparisons between the concentrations in the leaf of 
all the measured plant nutrients (e.g., N/P, P/K, K/Ca, etc.) and aggregates these comparisons into a series of 
nutrient indices. These indices represent nutritional balance in the order of nutrient limitations. For example, 
zero indices indicate adequate nutrition; more negative indices imply increasing deficiency and more positive 
indices imply increasing excess. Thus the magnitude of the negative or positive indices indicates the severity of 
deficiency or excess in the plant tissue and allows ranking of plant nutrient deficiencies (Elwali and Gascho 
1984).The calculation of DRIS indices depends, initially, on the establishment of standard values or reference 
norms. 
 In order to establish the DRIS norms, it is necessary to use a representative value of leaf nutrient 
concentrations and respective yields to obtain accurate estimates of means and variances of certain nutrient 
ratios that discriminate between high- and low- yielding groups. This is done using a survey approach in which 
yield and nutrient concentration data are collected from commercial crops and/or field experiments from a large 
number of locations (Bailey et al., 1997a) to form a databank. 
 Pair of nutrient ratios is calculated from the data bank of nutrient concentrations and then, the mean, the 
variance and the coefficient of variation of each ratio are calculated. There are two forms of expression for a 
pair of nutrients, although in DRIS calculations only one form is used. The way to select the form of ratio for a 
pair of nutrients to be used in DRIS calculation is described by Walworth and Sumner (1987) and Hartz et al., 
(1998). 
 After the establishment of the DRIS norms, the formula proposed by calculates an index for each nutrient 
that range from negative to positive values. DRIS indices may then be calculated for nutrients A to N using the 
following generalized equations (Bailey et al., 1997 b; Hallmark et al., 1987): 
 
X index = [ƒ(X/A) + ƒ(X/B) + ··· – ƒ (M/X) – ƒ (N/X) – ···] 
 
Where ƒ(X/A) = 100 [(X/A)/ (x/a)]/ CV when X/A > x/a + SD 
 
and ƒ(X/A) = 100 [1- (x/a)/ (X/A)]/ CV when X/A < x/a – SD. 
 
 X/A is the ratio of concentrations of nutrients X and A in the sample while x/a, CV, SD are the mean, 
coefficient of variation and standard deviation for parameter X/A in the high-yielding population respectively. 
Similarly, other nutrient ratios X/B, M/X and N/X are calibrated against the corresponding DRIS reference 
parameters, x/b, m/b and n/x. Nutrient indices calculated by this formula can range from negative to positive 
values depending on whether a nutrient is relatively insufficient or excessive with respect to all other nutrients 
considered. The more negative is the index value for a nutrient, the more limiting is that nutrient itself. 
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 The objectives of this study were to establish DRIS norms for pepper crop, to compare mean yield, foliar 
nutrient contents and variance of nutrient ratios of low- and high- yielding groups and to compare mean values 
of nutrient ratios selected as the DRIS norms of low- and high- yielding groups. 
  

MATERIALS AND METHODS 
 
 A total of 26 pepper fields were sampled during the 2011 season from Ismailia governorate, Egypt. Pepper 
yield data and 130 leaf samples were collected in commercial pepper fields; as well as pepper yield data were 
collected from the same sampled fields. Yield and nutrient concentrations established a databank, which was 
divided into high- (≥ 14.8 ton ha-1) and low- yield (< 14.8 ton ha-1) populations. Leaf samples were dried at 
65C° for 48 hrs, ground and wet digested using H2SO4: H2O2 method (Cottenie, 1980). The digests were then 
subjected to measurement of N using Micro-Kjeldahle method; P was assayed using molybdenum blue method 
(Chapman and Pratt, 1961); K was determined by Flame Photometer, while Fe, Zn and Mn were determined 
using atomic absorption spectrophotometer. 
 Nutrient concentration data DRIS norms and coefficients of variation (CVs) of the fruit yield and leaf tissue 
were derived according to the procedure of Hartz et al., (1998). The yield at which the separation between the 
two sub-populations was set was a compromise between maximizing the potential for symmetry in the high-
yielding sub-population (i.e. by excluding data for low-yielding) (Hundal et al., 2005), and including as many 
data points as possible for statistical credibility (Walworth and Sumner, 1987). 
 Mean values or norms for each nutrient expression together with their associated CVs and population of and 
variances were then calculated for the two sub-populations. The mean values in the high-yielding sub-
population of fifteen expressions involving six nutrients (N, P, K, Fe, Zn and Mn) were ultimately chosen as the 
diagnostic norms for pepper. The selection was made along the following priorities. The first was to ensure that 
the leaf nutrient concentration data for the high-yielding sub-population were relatively symmetrical or 
unskewed, so that they provided realistic approximations of the likely range of interactive influence among the 
different nutrients involved in the crop productivity (Ramakrishna et al., 2009). The second priority was to 
select nutrient ratio expressions that had relatively unskewed distributions in the high-yielding sub-population 
(skewness values < 1.0). The third priority was to select nutrient expressions for which the variance ratios (V 
low/V high) were relatively large (> 1.0), thereby maximizing the potential for such expressions to differentiate 
between ’healthy' and ’unhealthy plants‘(Walworth and Sumner, 1987). The fourth priority was to select 
nutrient expressions which have a Gaussian distribution versus yield. 
 Descriptive statistics were determined for fruit yield, leaf nutrient concentration and nutrient ratio 
expression data using Minitab statistical software version 12. Descriptive included, means, medians, minimum 
and maximum values, variances, coefficient of variation (CV’s) and skewness values, where a skewness value of 
zero indicates perfect symmetry, and values greater than 1.0 indicated marked asymmetry. 
 

RESULTS AND DISCUSSIONS 
 
 Summary statistics for the fruit yield and leaf nutrient concentration of pepper data are given in Table 
(1). The yield data ranged from 10.30 ton ha-1 to 25.81 ton ha-1 with a mean of 16.65 ton ha-1 in the full 
population. Forty five out of 130 data points were assigned to the high yielding subpopulation (≥ 14.8 ton ha-1). 
As regards the leaf nutrient concentrations, the data for all the nutrients N, P, K, Fe, Zn and Mn were relatively 
symmetrical, because all nutrients having skewness values less than 1.0 and hence were deemed suitable for 
DRIS norms development. Binary nutrient ratio combinations of all sex nutrients were therefore calculated , and 
the mean, coefficient of variation, variance of all nutrient ratios of the high- (V2

h) and low-yielding population 
(V2

l) and the variance ratio between the low- and high- yielding population (V2
l/V

2
h) ratio are shown in (Table, 

2).   DRIS norms established for pepper crop should be useful to evaluate pepper nutritional status and to 
calibrate fertilizer programs, but they must be validated before pepper growers adopt them. 
 
Table 1: Summary statistics for pepper yield and leaf nutrient concentration data for total (n=130) and high- yielding sub-

populations(n=45).  
High yielding sub-population (n=45) Total population (n= 130) Parameters 

Skew Maxi Mini Medium Mean Skew Maxi Mini Medium Mean 
3.120 25.81 12.95 19.45 19.41 3.811 25.81 10.30 15.49 16.65 Fruit yield (ton ha-1) 

 Nutrients (g/kg) 
0.576 2.957 1.010 2.334 2.087 0.540 2.927 0.957 2.265 2.180 N 
0.092 0.564 0.078 0.305 0.307 0.095 0.464 0.076 0.303 0.322 P 
0.336 4.881 3.045 3.852 3.658 0.494 4.187 3.045 3.712 3.925 K 
0.069 0.896 0.637 0.846 0.822 0.067 0.885 0.625 0.846 0.817 Fe 
0.014 0.309 0.251 0.279 0.322 0.352 0.298 0.203 0.275 0.277 Zn 
0.002 0.036 0.020 0.025 0.024 0.003 0.030 0.020 0.022 0.023 Mn 

 Mini: Minimum  Maxi: Maximum  Skew: Skewness 



Aust. J. Basic & Appl. Sci., 6(8): 661-664, 2012 

663 
 

Table 2: Mean, coefficient of variation (CV) and variance (V2) of nutrient ratios of the low- and high-yielding populations, the variance 
ratio (V2

l / V
2

h) and the selected ratios for pepper DRIS norms. 
Nutrients ratios High-yielding population Low-yielding population V2

l / V
2

h Selected 
ratios Mean CV (%) Variance (V2

h ) Mean CV (%) Variance (V2
l ) 

N/P 7.876 24.52 3.723 6.616 32.77 4.700 1.261  
P/N 0.134 23.88 0.001 0.169 37.87 0.004 4.00 √ 
N/K 0.549 20.04 0.012 0.567 29.98 0.029 2.388  
K/N 1.895 21.16 0.161 1.950 35.03 0.466 2.901 √ 
N/Fe 2.648 33.80 0.801 2.537 28.30 0.515 0.644 √ 
Fe/N 0.641 151.2 0.939 0.436 36.70 0.026 0.027  
N/Zn 8.462 33.95 8.254 7.548 27.27 4.235 0.513 √ 
Zn/N 0.183 162.8 0.089 0.145 33.79 0.002 0.027  
N/Mn 88.83 21.05 349.7 90.13 29.35 699.6 2.001  
Mn/N 0.012 25.00 1*10-4 0.012 41.67 3*10-4 2.778 √ 
P/K 0.072 22.22 0.0002 0.091 30.77 0.001 3.062  
K/P 14.57 22.50 10.75 12.56 52.34 43.22 4.019 √ 
P/Fe 0.337 33.83 0.013 0.404 26.98 0.012 0.914 √ 
Fe/P 4.287 115.9 24.70 2.755 46.57 1.646 0.067  
P/Zn 1.087 32.47 0.125 1.223 31.81 0.151 1.214 √ 
Zn/P 1.338 151.1 4.089 0.937 51.76 0.235 0.057  
P/Mn 11.77 29.12 11.74 14.49 30.87 20.01 1.704  
Mn/P 0.091 26.37 0.001 0.079 50.63 0.002 2.778 √ 
K/Fe 4.802 27.99 1.806 4.521 13.58 0.377 0.209 √ 
Fe/K 0.330 144.5 0.227 0.225 12.89 0.001 0.004  
K/Zn 15.46 31.11 23.14 13.48 12.27 2.736 0.118 √ 
Zn/K 0.094 150.0 0.020 0.075 10.67 0.0001 0.003  
K/Mn 162.57 13.66 492.8 160.1 12.09 374.4 0.759  
Mn/K 0.006 16.67 1*10-5 0.006 16.67 1*10-5 1.00 √ 
Fe/Zn 4.448 118.7 27.88 3.002 10.39 0.097 0.003 √ 
Zn/Fe 0.448 166.7 0.558 0.336 10.12 0.001 0.002  
Fe/Mn 54.46 149.4 6621.1 35.67 11.21 15.99 0.002  
Mn/Fe 0.030 30.00 0.0001 0.028 14.29 2*10-4 0.197 √ 
Zn/Mn 14.39 126.6 331.9 11.93 10.59 1.598 0.005  
Mn/Zn 0.095 28.42 0.001 0.085 11.76 0.0001 0.137 √ 

 
 On the basis of the variance ratios (Vl/Vh), the nutrient expression having the large variance ratio was taken 
as a norm (diagnostic ratio) for such binary nutrient balance, the expression having the lower variance ratio, 
however, stood out and skewed from selection. 
 The selection of a nutrient ratio as DRIS norms (i.e.: N/P or P/N) is indicated by the V2

l/V
2

h ratio (Hartz et 
al., 1998). The higher V2

l/V
2

h ratio, the more specific the nutrient ratio must be in order to obtain a high yield 
(Payne et al., 1990). Although Beaufils (1973) suggests that every parameter which shows a significant 
difference of variance ratio between the two populations under comparison (low- and high- yielding) should be 
used in DRIS, other researchers have adopted the ratio which maximized the variance ratio between the low- 
and high- yielding populations (Payne et al., 1990 and Hundal et al., 2005). The aim of this procedure is to 
determine the norms with the greatest predictive precision (Caldwell et al., 1994). The discrimination between 
nutritionally healthy and unhealthy plants is maximized when the ratio of variances of low- versus high- 
yielding populations is also maximized (Gustave et al., 2011). As pointed by Bailey et al., (1997)b, DRIS norms 
(nutrient ratios) with large V2

l/V
2
h ratios and small coefficient of variation imply that the balance between these 

specific pairs of nutrients could be of critical importance for crop production. Therefore, nutrient ratios with 
large V2

l/V
2
h ratio and small coefficient of variation indicate that the obtainment of high yield should be 

associated to small variation around the average nutrient ratio. The DRIS norms for P, K and Mn with high 
V2

l/V
2

h ratio and low coefficient of variation (CV) found in this paper probably can provide more security to 
evaluate the P, K and Mn status of pepper. There is a speculation that the large V2

l/V
2

h ratio and the small CV 
found for specific ratios between nutrients probably imply that the balance between these pairs of nutrients 
could be important to pepper production. 
 Data from future field and surveys experiment may subsequently be used to enlarge the model database and 
allow the refinement of DRIS parameters and hopefully an expansion of diagnostic scope to include other 
nutrients. As it stand, though, this preliminary DRIS model for pepper is one of the best diagnostic tools 
currently available for simultaneously evaluating the N, P, K, Fe, Zn and Mn status of pepper. 
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