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IAGNOSIS and Recommendation Integrated System (DRIS) is a

unique approach and a comprehensive system which identifies
the nutritional factors mostly limiting crop production and improving
fertilizer recommendations for obtaining high crop yields. The DRIS
system depends on the principle of nutrient interrelationships in
determining the order of the most limiting nutrients, as well as
assessing the nutritional balance in plant. The current investigation
aims at (i) Developing a database from which DRIS norms and
indices of wheat grown on soils of Kalubia Governorate , Egypt, could
be established and (ii) Defining the order of N, P and K requirements
for plant using this method.

To achieve these objectives, 1000 samples of wheat plants grown
on soils of the seven Kalubia’s counties were collected at shooting
stage. The fresh and dry weights were recorded and samples were
finely-ground and wet- ashed for N, P and K determinations. Grain
yield of each field was also measured ( using 1.0 m? plots). The 1000
observations were divided into high-yielding population (591
observations ; >2.4 Mg grains / fed., Mg = 10° g ) and low-yielding
populations (409 observations). DRIS norms were calculated for the
high-yielding population because the high yield usually results from
balanced nutrients in plant. DRIS norms of n/p, n/k and k/p were
calculated [being Z(N/P)/n, Z(N/K)/n, and X(K/P)/n, respectively;
where N, P and K are percentages of the respective nutrients in plant,
and n = the number of observations].

Calculated DRIS norms were 13.93, 1.40 and 10.25 for n/p, n/k
and k/p, respectively and were almost comparable with those obtained
by other researchers for wheat in other countries.

The N, P and K nutritional balance of wheat plants grown in
Kalubia “semiarid region” tested by the DRIS approach show that
nitrogen was the most limiting nutrient indicating high increasing
requirements for high-yielding populations followed, by phosphorus.
A high demand of P by these populations was proven as it came in the
first and second order of limitation. Both nitrogen and phosphorus
should be adequately covered through a sound fertilization program.
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Thus, establishing DRIS norms for wheat is of a vital importance
towards obtaining high yields. The DRIS norms could be used to test
the nutritional balance of nutrients in plant and diagnose nutrient
requirements through calculating DRIS indices or direct application of
a proposed standard physiological diagnosis (PD) chart to the low-
yielding populations. Research should be directed towards
establishment of database from which DRIS norms for each of the
most important strategic crops could be developed to assess the
elements of obtaining high crop yield production.

The Diagnosis and Recommendation Integrated System (DRIS) is a method of
diagnosing nutrient deficiencies and imbalances from the mineral composition of
plant tissue. DRIS often produces more accurate diagnoses than conventional
system of plant analysis based on critical concentrations or normal range of
tissue nutrient concentration.

Beaufils (1973) published his Diagnosis and Recommendation Integrated
System (DRIS) for determining the fertilizer or other treatments required by a
given crop in order to enhance the chances of obtaining a higher yield. One of
the basic advantages of this system is that once a standard set of norms based on
foliar composition has been developed for a given crop, they are applicable to
that particular crop wherever it might be grown at any place and at any stage of
its development (Beauflis, 1973 and Sumner, 1977a). The DRIS system has been
proposed to diminish the effects associated with negative nutrients interaction as
well as the dilution effect, or accumulation of elements in the dry matter
(Walworth and Sumner, 1987). The major advantage of the “DRIS” approach is
its ability to minimize the effect of leaf age (Westwood, 1978), so as to permit
taking samples at a wider range of tissue age than is permissible under “the
critical level” approach. It computes nutrient balance indices in the order of
nutrient limitations as being negative (deficient), positive (excess) or zero
(balance). It integrates interactions between nutrients and other factors. The
DRIS procedure is distinguishable from other procedures of nutrient diagnosis,
providing that norms for specific crops are derived from sufficiently large data
base, DRIS diagnoses are applicable irrespective of varieties or geographic
variables or both (Sumner, 1979).

DRIS is based upon using a large number of observations of nutrient
concentrations and yield to obtain accurate estimates of means and variances of
certain ratios of nutrients that discriminate between high- and low- yielding
(desirable and undesirable) sub-populations.

The calibration formula calculates relative indices for nutrients that range
from negative to positive values but always sum to 0. The more negative an
index value for a nutrient is, the greater the need for applying that nutrient would
be. When all nutrients are available at concentration ratios similar to those found
in the desirable population, the DRIS index for each nutrient is 0. The use of this
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system proved accurate interpretations of the nutritional status of several crops
(Beaufils, 1973; Beaufils & Summer, 1977; Summer, 1977, 1978 and 1979 and
Raghupathi & Bhargava, 1998).

The objectives of this study were to (i) Develop database for DRIS norms
and indices of wheat grown on soils of Kalubia Governorate, Egypt, (ii)
Compare the locally derived norms with the existing non local norms, and (iii)
Identify the order of the most limiting nutrient (or nutrients) among the tested N,
P, and K nutrients and the order in which other elements would likely become
limiting.

Materials and Methods

Plant sampling

To constitute a database for calculating DRIS reference norms for wheat crop
(Triticum aestivum,) 1000 plant samples were collected at shooting stage from
wheat fields distributed (different cultivars) in seven counties of Kalubia
Governorate, i.e., Tukh, Shebien El-Kanater, Kaiuob, El-Kanater El-Khairia, El-
Khanka, Benha and Kafer Shokr. The samples were collected during the wheat
growing season 2002/2003. With the assistance of extension specialists in the
agricultural management sector of each county, localities of wheat fields as well
as wheat varieties were identified. The distribution of wheat fields and the
cultivated areas in each county are shown in Table 1. The localities from which
wheat samples were collected are shown in Fig. 1.

Plant samples were collected from micro-plot areas of one m? (1Im x 1m)
each in wheat fields at shooting stage. Plants were cut at 1 cm above the soil
surface. Fresh plant materials were weighed and portions were taken and oven-
dried at 70°C for 72 hr, weighed and ground to pass through a 0.5 mm screen.
Plant samples were digested using a mixture of sulfuric and perchloric acids
(Johnson and Ulrich, 1959) for N, P and K determination. Each micro-plot was
harvested at maturing stage from each field and yields of straw and grains were
recorded.

The 1000 observations were divided into high yielding populations (> 2.4 Mg
grains / fed ) and low yielding populations. DRIS norms were calculated for the
high yield populations because the high yield usually results from a balanced
nutrient in plant.

Plant analysis

Concentrations of the three macronutrients (N, P and K) in wheat plants at
shooting stage were determined as follows: N by micro-kiedlahl procedure
(Bremner and Mulvaney, 1982), P was calorimetrically determined according the
procedure of Murphy and Riley (1962) as modified by John (1970) and
Potassium was determined photometrically as described by Jackson (1967).
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Fig.1. Different locations of wheat fields in Kalubia Governorate.

Calculating the DRIS norms and indices of N, P and K for wheat plants

DRIS norms

The DRIS reference norms were established using the criterion of significant
variance at a ratio test between undesirable (low-yielding) and desirable (high-
yielding) sub-populations (Beauflis, 1973). Grain yield of 2.4 tons fed™ was used
to separate the database of 1000 observations into low and high yielding sub-
populations. The high yielding sub-populations comprised 59.1% of the total
number of observations (591 of observations), while the low yielding sub-
populations comprised 40.9% of the total number of observations (409

observations).
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Each nutrient of the three tested ones (N, P and K) was expressed as a
numerator and again as a denominator of ratios with each of the other two
nutrients and the means and variances were calculated in the two sub-populations
(high-yielding and low-yielding). For each nutrient the DRIS reference
parameters were selected as those nutrient ratios gave the highest and significant
values for the variance ratios between the two sub-populations (variance of low-
yielding populations / variance of high-yielding populations). For instance, if the
DRIS norms for N/P, N/K and K/P are calculated; and these expressions show
the highest and significant variance ratios between the two sub-populations, the
N/P or N/K or K/P must be computed for the high yielding sub-populations only
and divided by the number of observations of each expression.

n/p—=N7P
Thus, the norm of N , the norm of
n/k_ZN/K k/p:ZK/P
n and the norm of n

where, N refers to nitrogen concentration in dry matter yield of shoots (N%), P:
refers to phosphorus concentration in dry matter yield (P%), K : refers to
potassium concentration in dry matter yield (K%), n : is the number of high
yielding observations, n/p : is DRIS norm for nitrogen / phosphorus, n/k : is
DRIS norm for nitrogen / potassium in plant and k/p is DRIS norm for
potassium/ phosphorus in plant.

DRIS indices

DRIS indices which are used in the current investigation are quantitative
evaluations of the relative degree of imbalance of the nutrients under study and
as calculated from the following equations:

F(N/P)+ F(N 7/ K)
=

N, index = —|—|:

F(N/P)+ fF(K/P)

P, index = —I:

2
K,index:+[f(K/P)— f(N/K)
2
F(N/P) — 4 N/7P 4 )1O00
where Nn/ p C N/

when the actual value of N/P >n/p.

f(N/P)z[l— Nn/ p 1000

N 7P Cc\NV

or
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when the actual value of N/ P < n/p, n/p is the mean value for N/P, and CV is
the coefficient of variation for high-yielding populations. The other terms of f
(N/K) and f (K/P) are derived in a similar way using the means of n/k for N / K
and k / p for K/ P, respectively in place of n/p.

The DRIS indices have positive and negative values which always sum to
zero as they measure the relative balance among N, P and K or other elements
that might be included. The order of plant nutrient requirements is affected by
the value of the index, the most negative index reflects the most required nutrient
(Sumner, 1976, 1977a, 1977b, 1980; Letzch & Sumner, 1984; Walworth et al.,
1988; Goh & Malakouit, 1992; Orlando et al., 1997 , Khiari et al., 2001; Abdel-
Warth,2002 and Abdel-Raheem, 2003) .

Physiological diagnosis chart for N, P and K

The N/P, N/K and K/P forms of expression are interrelated in a three-
coordinate DRIS chart (Fig. 2). The point of origin in the center of the chart
represents the mean of each expression N/P, N/K, K/P for the populations of
high yielding plants. In other words, this is the composition desired in order to
increase the chances of obtaining a high vyield. However, this desired
composition should not be viewed as a “single inflexible point” but rather as a
“range encompassed” by the inner of the two concentric circles as shown in
Fig. 2. The diameter of the small circle is set at 4/3 SD from the origin, which
takes account of the variability in the population. A plant composition falling
within this circle would be considered to be relatively balanced, which is denoted
by a horizontal arrow (-).

As one moves away from the central zone along any axis, the degree of
imbalance between the two elements increases. This zone of imbalance is
divided into two sub-zones, the first being a zone of slight to moderate
imbalance. This depended on arrow at 45 degrees to the horizontal ( N) (K) and
is encompassed by the outer of the concentric circle which has a diameter of 8/3
SD. Beyond this circle is a zone of marked imbalance denoted by vertical arrows
(™) (V) being either too high or too low. The reason why the two circles are set
at diameters of 4/3 SD and 8/3 SD is dealt with fully by Beaufils (1971 and
1973).

Results and Discussion

N, P and K diagnostic preliminary norms for wheat (Triticum aestivium )
were developed by using the Diagnosis and Recommendation Integrated System
(DRIS) approach (Beaufils, 1973). These norms were developed from data sets
of N, P and K concentrations in wheat plant samples and corresponding grain
yields. The degree of nutrient imbalance in the plant was expressed in form of a
DRIS index, which measures the extent to which a particular nutrient deviated
from the established norms.
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N/P

A

Zone of P Zone of N N/K
deficiency excess

K/P

Zone of K Zone of K
excess deficiency

Zone of N Zone of P
deficiency excess

Fig. 2. Physiological diagnosis chart for direct determination of N, P and K status.

Calculation of DRIS norms for N, P and K

As described earlier, DRIS norms of N, P and K for wheat plants grown on
1000 locations in Kalubia Governorate were calculated for the low- and high —
yielding populations according to the following equation :

The norm of xly =X (X/Y)/n

where : x refers to the concerned nutrient (i.e., nitrogen); y refers to the other
nutrient (i.e., phosphorus); X is the actual concentration of the nitrogen (N%) in
plant tissue; Y is the actual concentration of phosphorous (P%) in plant tissue
and n refers to total number of the low- or high- yielding observations.

The separation between low- and high- yielding populations was set at a yield
threshold of 2.4 Mg grains / fed. (general average of the country in year 2003)
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Therefore, a criterion is needed to separate a low- from a high-yield sub-
population to provide an acceptable proportion of expected low yields in a
population. Simply setting a yield target, as is usually done for establishing
nutrient norms, does not provide a minimum yield cutoff value between the low-
and high-yield sub-population. Thus, the variance ratios of nutrient expressions
between the low- and high-yield sub-populations must depend on the partition
between the low- and high-yield sub-populations. An optimum partition should
be defined between the two sub-populations. However, there had been no formal
partition proposed. An optimum partition could be determined by considering
variance ratio functions for nutrient indexes along decreasing order of yield
values (Khiari et al., 2001). The variance ratio must be high and significant when
comparing the variance of nutrient expression for the lowest yields with that for
the highest yields.

Mean values, standard deviations and variances for DRIS norms derived from a
population of low- and high yielding plants are shown in Table 2. Significant
variance ratios between low- and high- yielding sub-populations were noticed. The
significance of those ratios indicates that the base on which the whole observations
were divided into low- and high- yielding populations was valid.

TABLE 2. Mean values or DRIS norms, coefficients of variation “CV”, standard
deviation “SD” and variance “52” for high-yielding population of wheat.

Ratio Norms or mean SD CV% 82
n/p 13.93 3.40 24.39 11.54
n/k 1.40 0.25 18.07 0.06
kip 10.25 3.10 30.25 9.62

e 591 observations in population .

Data in Table 2 show DRIS norms for the high-yielding populations (591
observations) as follows: 13.93, 1.40 and 10.25 for n/p, n/k and k/p, respectively.
Corresponding DRIS norms reported by Sumner (1981) for wheat plants derived
from 1500 observations of high-yielding populations were 12.74, 1.54 and 8.08
for n/p, n/k and k/p, respectively. The calculated norms in the current study can
be used with reasonable confidence because the database from which they were
derived are taken from large number (591) of samples.

It could be concluded that establishing DRIS norms for wheat is a vital step
towards high yields. DRIS norms could be used to test the nutritional balance of
nutrients in plant and diagnose nutrient requirements through calculating DRIS
indices or direct application of proposed standard physiological diagnosis (PD)
chart to the low-yielding populations. Research should be directed towards
establishment of a database from which DRIS norms for each of the most
economic crops could be driven to ensure high-yield production.
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The DRIS norms calculated in the current study are different from those
developed by Sumner (1981), mainly in regarding of K and P levels. This situation
suggests that some regionality may exist for DRIS norms dependent on soil
properties at least with wheat plants (Walworth et al., 1986). Diagnostic norms
developed in this study were used in calculating DRIS indices for N, P and K for
selected observations of low yielding plants. The selected observations
representing each county have been tested by the norms and the most limiting
nutrient as well as the order of nutrient limitation are diagnosed (Table 3).

Selected numbers from the total low- yielding sub-populations of the seven
counties were 70 (Table 3).

Nitrogen was the most limiting nutrient as it came in the first order of
limitation in 45 cases out of 70 cases (64.3 %) and was the second limiting
nutrient in 15 cases out of 70 ones (21.4%). Concerning phosphorus, the current
study reveals that P was the first limiting nutrient among the three tested ones in
20 out of 70 observations (28.6%) and was the second limiting nutrient in 35
ones out of 70 low-yielding observations (50%). Potassium was the first limiting
nutrient in two cases only out of 70 (2.9%) ones and the second in 20 cases
(28.6%).

Accordingly, it may be suggested that nitrogen was the most limiting nutrient
and its requirements for the high-yielding populations are increasing. Also, there
is a high demand of P by these populations as it came in the first and second
order of limitation. Both nitrogen and phosphorus should be adequately covered
through a sound fertilization program.

Worthy stating that sometimes low yields may frequently be obtained for an
index situated in the vicinity of zero (a sufficient balance) because another factor
(or factors) might limit this yield. It is excepted to obtain a relatively high yield
for nutrient ratios situated either in a position of severe excess or in a position of
severe deficiency (Beaufils,1971). On the other hand, although a yield may be
increased by application of the deficient limiting element (or elements) the
resulting indices need not necessarily be improved. If, for example, the amount
of the element applied is insufficient, the index might still show a deficiency
indicating that a further application is still required. In other words, the index to
a certain extent, appears to be proportional to the degree of imbalance or
deficiency of the element it represents. Therefore, indices can be used to
determine the relative severity of deficiency or excess (Beaufils, 1971).
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TABLE 3. Leaves composition, N, P and K indices and the order of limitation
calculated for selected plant samples of low-yielding population grown
on soils of Kalubia Governorate.

Sample Leaves composition % DRIS indices
code Order
number N | P | K N P K
Tukh county

3 1.56 0.32 | 3.705 | -102.423 35.937 66.486 N>P>K
12 2.68 0.21 | 4232 | -35.403 -14.092 49.495 N>P>K
40 2.94 0.24 2.3 -5.453 3.962 1.491 N>K>P
41 251 0.2 1.87 -3.450 3.843 -0.393 N> K>P
47 291 0.26 191 -2.644 11.549 -8.905 K>N>P
74 241 0.2 1.76 -3.825 5.922 -2.097 N>K>P
75 2.33 0.19 1.81 -5.216 4.043 1.173 N>K>P
91 2.71 0.22 1.79 -0.43 6.978 -6.548 K>N>P
125 2.25 0.19 1.99 -37.113 14.373 22.74 N>P>K
134 2.21 0.21 1.81 -10.690 9.762 0.928 N>K>P
135 2.22 0.2 1.95 -11.597 4.379 7.218 N >P > K

Al-Kanatir El-Khiria county
223 2.5 0.19 2.2 -7.635 3.348 4.287 N>P>K
226 3.2 0.09 2.9 24.374 -67.256 42.882 P>N>K
233 2.82 0.19 2.35 -3.270 -1.501 4.771 N>P>K
235 2.75 0.15 2.22 2.884 -13.817 10.933 P>K>N
244 1.90 0.09 1.60 5.63 -22.708 17.078 P> N> K
294 2.75 0.09 2.02 23.674 -44.131 20.457 P>K>N
297 1.75 0.12 2.05 -16.730 -11.980 28.710 N>P>K
299 2.55 0.09 14 20.001 -38.711 18.710 P>K>N
Benha county

302 1.95 0.24 1.95 -25.715 18.970 7.745 N>K>P
310 1.95 0.09 | 1.95 -0.318 -7.025 7.343 P>N>K
312 2.05 0.11 2.20 -6.969 22.648 29.617 N>P>K
321 2.85 0.09 | 175 -10.691 9.763 0.928 N>K>P
332 1.12 0.19 417 -144.818 9.054 135.764 N>P>K
361 2.25 0.11 1.85 5.416 -20.194 14.778 P>N>K
367 2.01 019 | 295 -35.708 -2.012 37.720 N >P > K
375 0.42 0.11 | 355 -300.62 18.702 281.418 N>P>K
377 1.95 0.11 2.90 -24.388 -31.573 55.961 P>N>K
430 1.95 0.11 1.90 -4.499 -16.913 21.412 P>N>K
431 2.55 0.11 1.75 14.743 -22.742 7.999 P>K>N
432 2.55 0.19 2.2 -6.531 -1.366 7.897 N >P>K
460 1.68 0.13 | 3.98 -65.724 31.219 95.943 N>P>K
461 2.45 0.05 | 2.95 32.665 -130.224 97.559 P>N>K
467 2.20 0.20 2.05 -13.893 5.461 8.432 N>P>K
487 2,01 024 | 185 -21598 19.049 2.549 N>K>P
517 2.40 019 | 2.28 -11.260 -0.733 11.993 N>P>K
533 1.83 019 | 337 -46.676 -4.782 51.458 N>P>K
537 2.2 0.24 3.53 -45.422 3.918 41.504 N>P>K
539 1.45 0.20 | 3.37 -81.308 8.230 73.078 N>P>K
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Sample Leaves composition % DRIS indices
code Order
number N | P | K N | P K
Kafr Sokr county
563 2.01 0.15 2.82 -27.472 -12.972 40.444 N>P>K
583 2.95 0.2 2.106 1.227 -1.659 0.432 P>K>N
593 1.96 0.19 1.79 14.889 8.637 6.252 K>P>N
599 2.75 0.20 24 -6402 -2.553 8.955 N>P>K
Qaliob county
623 2.38 0.22 2.00 -10.781 8.005 2.776 N>K>P
658 2.2 0.29 2.79 -38.572 16.047 22.525 N>P>K
662 2.65 0.17 1.85 3.502 -3.889 0.387 P>K>N
702 2.99 0.15 211 9.230 -14.946 5.716 P>K>N
707 2.6 0.092 1.46 28.621 -30.153 1.532 P>K>N
724 2.49 0.32 2.93 -34.105 18.176 15929 | N>K>P
725 3.84 0.31 3.81 12.209 -53.702 41493 | P>N>K
727 2.28 0.09 1.85 -20.555 0.164 20391 | N >p>K
736 241 0.04 2.25 59.667 -142.346 | 82679 | P>N>K
Al-Khanka county
760 2.95 0.11 2.73 10.801 -42.459 31.658 P>N>K
775 1.45 0.11 1.50 -13.561 -4.296 17.857 N >p>K
787 242 0.22 1.83 -7.093 9.300 -2.207 N>K>P
788 1.82 0.19 1.71 -18.050 11.607 6.443 N>K>P
792 1.85 0.18 2.09 -23.386 5.09 18.296 | N>P>K
793 1.54 0.2 2.73 -40.858 -5.227 35631 | N>P>K
800 1.95 0.11 1.85 -3.503 -16.172 19.675 | P>N>K
802 2.1 0.17 1.82 -8.516 1.882 6.634 N>P>K
839 1.92 0.18 1.86 -16.141 6.145 9.996 N > P >K
Shibin El-Kantir county

851 2.19 0.14 1.54 2.956 -3.731 0.775 P>K>N
866 1.91 0.17 1.91 -15.986 3.329 12657 | N>P>K
876 2.21 0.2 2.04 -13.442 5.424 8.018 N >P >K
878 2.08 0.19 1.83 -11.987 6.647 5.340 N>K>P
880 2. 0.16 2.16 -16.509 -2.896 19.405 | N>P>K
887 2.25 0.2 1.69 -6.318 8.405 -2.087 | N>K>P
920 211 0.18 1.83 -9.789 3.997 5.792 N>P>K
951 2.52 0.22 1.78 -4.114 8.840 -4.726 K>N>P
976 2.73 0.17 1.72 6.829 -2.918 -3.911 K>P>N

Direct reading of N, P and K indices for wheat on physiological diagnosis (PD)

chart

Table 4 represents the basis for physiological diagnosis and established
norms for interpretation of the nutrient balance in wheat leaves. In this table the
limits of interpretation classes were calculated and the degrees of imbalance
were identified for each nutrient ratio, i.e., severe deficiency, tendency to
deficiency, balanced. Also, the degrees of imbalance towards excess were set,
e.g., tendency to excess, severe excess, with using such interpretation classes,
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defining the order of limitation via applying PD chart becomes easier and helps
the researchers to excute their tasks quickly and correctly.

TABLE 4. Basis for physiological diagnosis. Established norms for interpretation of
the nutrient balance in wheat leaves (proposed reference data).

Symbol Interpretation class Mineral ratio X/
N/K N/P K/P
N2\% Severe deficiency <0.53 <4.54 <3.06
N2 Deficiency 0.53-1.05 4.54-9.07 3.06-6.10
N Tendency (deficiency) 1.06-1.22 9.08-11.66 6.11-8.18
> Balanced (normal) 1.23-1.57 11.66-16.20 8.18-12.32
2 Tendency (excess) 1.58-1.79 16.21-18.78 12.33-14.39
n Excess 1.8-3.58 18.79-37.56 | 14.40-28.78
™ Severe excess > 3.58 > 37.56 >28.78
Means for normal plants (norm) 1.40 13.93 10.25

The direct reading of nutrient requirements by a plant in terms of comparable
functions of field as a reflection of the interaction within the plant was first
established by Beaufils (1956) for rubber trees. This reading was achieved by
means of tri-linear co-ordinate chart identical to the one reproduced in Fig.3.
Readings by means of arrows, are explained in detail in a previous work by
Beaufils and Sumner (1976). The direct reading of NPK indices for wheat on the
PD chart was performed for selected observations of the low-yielding population
in each county (Table 5) and represented by three examples as follows:

(1) Tukh : Sample code number is 3 (percentages of N, P and K in dried
plant material were 1.56, 0.32 and 3.70, respectively)

N/P ratio= 4.88, N/K = 0.42 and K/P = 11.58.
Reading from NPK chart gives: N\ PN KA

N>P>K

The chart gives a semi-quantitative order of plant requirement for these
nutrients as N > P > K. The same order is obtained when calculated from the
equations of DRIS indices (Table 3). The obtained results are in a good
agreement with those of Abdel-Warth (2002), in which there was a
correspondence between the DRIS indices and the PD chart.

(2) Al- Kanatir EI- Khiria county
Sample code number is 244 (percentages of N, P and K in in dried plant
material were 1.90, 0.09 and 1.60, respectively).
N/P ratio =21.11 N/K =1.19 and K/P =17.78.
Reading from the PD chart gives: NN P\ KN

P>N>K
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TABLE 5. Application of PD chart to poor, low yielding plants.

Sigﬂe comI[;S?i\;iegn % Application of PD chart
number| No% | P% [ K% | NP [NIK [ kP [NPINK]KP] N [P [ K
Tukh County
3 156 | 032 [ 371488 [ 042 | 1158 | v [V | > NV | A~ | M
12 | 268 021 ]423[1276/063/2015| > | v | 1 v VO
40 | 294|024 |230(1225|1.28 | 958 | > | > | > > > >
41 | 251020187 (1255|134 ] 935 | > | > | > > > >
47 1291026191 [1119[152 ] 735 | N | > | N N 2 >
74 | 241]020]176[1205{137 880 | > | > | > > > >
75 | 233[019]181[1226{129] 953 | > | > | > > > >
91 | 271[022|179(1232|151| 814 | > | > | N > 2 N
125 | 225019 (1998110771047 | v [ v | > [ ¥V | > >
134 [ 221 [021]181[1052] 122|862 | N | N | > | 3N | 7 2
135 [ 222 [020[195[111 (114|975 [ N | N | > | NN | 7 2
El-Kanater El-Khairia county
223 | 250 (019 ]220[1316] 114 [ 1158 | > | N | > N > >
226 | 3.20 [ 0.09 | 290 [3556| 1.10 [ 3222 | ™ | N [ M| N M N
233 | 282 (019 |235(14.84( 1201237 | > | N | 7 N N >
235 | 275 (045 |222(1833[ 1281480 | 22 | > | > (YN | A
244 1190 [ 009|160 [2111]119 (1778 M | N | A NN
294 | 275 [ 0.09 | 2.02 (3056|136 | 2244 | N [ > | 2 2D
297 | 175 [ 012 | 2.05 [14.58| 085 | 17.08 | > [ ¥ | ¥ VR
299 | 255|009 |140(2833|182 2111 | N | A | | ™M W] >
Benha county

303 | 195[024[195[813[100] 813 | v | v | N [V [ 7] N
310 | 195 [0.09|195(21.67|1.00 | 2167 | N [ v | A VR
312 | 205|041 |220[1864]093 (2000 22 | ¥ | NS
321 | 285 (009 |175(3167]163[1944| N | > | A > [Vl 2
332 | 112 [ 019 (4175890272196 | v [dV | A [V L [
361 | 225 (011 ]185[2045[ 1221682 | N [ N [ A N v N
367 | 2.01 019 |295[1058| 068 | 1553 | > | ¥ | v VO
375 | 42 |041 |355 [3.82 |0.12 [3226 [V [V [ b VL M
377 | 195 (011290 [17.73{ 067 [ 2636 | 72 | ¥ | A voluN | M
430 | 195041 19 |17.73]1.03 (1727 | A | N | A N[N |
431 | 255 |011]175(2318| 1461591 | N | N | A N[N |
432 | 255|019 |220]1342]116 | 1158 | > | N | 7 N N | 2
460 | 1.68 | 0.13 | 3.98 [12.92] 042 [ 3060 | > [V [ M ] YV [ VL M
461 | 2.45 | 0.05 | 2.95 |49.00| 0.83 | 59.00 | M| ¥ [ A™MN]| \l’i\b XN
467 | 22 | 020|205|11.00| 1.07 | 1025 | N N | > | NN | N 2
487 | 201 | 024185838 |1.09| 771 N N N YN | A NN
517 | 2.40 | 019 | 228 (1263|105 | 1201 | > | ¥ | > v > 0
533 | 1.83 [0.19 337 (1026058 | 17.76 | N | v | A [ N [ L [ M
537 | 2.2 [ 024[353[909[062]1459 | N | v | M| N [ LV | M
539 | 145 | 02 [337]725[043[1687 | v [dV | A [V MMM
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TABLE 5. Cont.

sample Lea_v.es Application of PD chart
code composition %

number | N%6 | P% | K% | NP [N [ kP [ NP [Nk [ kP N | P | K

Kafr Shokr County.
563 201|015 | 282 | 134 | 0.71 | 188 | > N2 0 N2 N2 ™M
583 295 | 0.20 | 2.11 [14.75| 1.40 | 1055 | > > > > > >
593 196 | 0.19 | 1.79 |10.32| 1.09 | 9.42 N N 2> | NN 2 2
599 2.75| 0.20 | 240 |[13.75| 1.15 | 12.00| > N > N -> 2
Qaliob County
623 238 | 022 | 200 [10.82| 119 | 9.10 | > N > N -> 2
658 22 | 029 | 2789 | 759 | 0.79 | 9.62 N N > |V 0 N
662 265 | 0.17 | 1.85 | 1559 | 1.43 | 10.88 | > > > > > >
702 299 | 0.15 | 2106 | 19.93| 1.41 | 14.04| 7~ > 2 2 NN 2
707 2.6 |0.092| 146 |28.26|1.78 |1586| M 2 RN 2% N
724 249 032 | 293 | 778 | 085 | 9.16 | ¥ N2 > | W 0 ™
725 3.84 | 031 | 3.81 [ 2954|101 |2931| M VoMMV N | A
727 228 | 0.09 | 1.85 [ 25.33| 1.23 2056 | M > ™ > \N2\% ™
NANR\Z
736 241 0.04 | 225 | 60.25| 1.07 [ 56.25 | ™| N [ ™M ¢ ™A
Shibin Elkanater Count
851 219 | 0.14 | 154 | 1564 | 0.77 | 11.00| > N > N > 0
866 191 017 | 191 [1124]100|11.24| N N > | vy 2 N
876 221 | 02 | 204 |11.05|1.83 | 10.2 N 0 > N 2 N
878 208 | 0.19 | 1.83 [10.95| 1.14 | 9.63 N N - | NN 2 2
880 200 | 0.16 | 2.16 | 125 | 093 | 1350 | > N 2 N N N2
887 225| 02 | 169 (1125|133 | 845 N > > N 2 >
920 211 0.18 | 1.83 [11.72| 1.83 | 10.17| > 0 > ™ > N2
951 252 | 022 | 1.78 |11.45| 1.42 | 8.09 N > N N A7 N
976 273 | 0.17 | 1.72 | 16.06 | 1.72 | 10.12 | > 2 > 2 -> 2
Elkhanka County

760 295 | 0.11 | 2.73 [ 26.82| 1.08 | 2482 | 7M™ N 0 N N N7
775 145 0.11 | 105 | 13.18 | 0.97 | 1364 | > 0 A 0 2 NN
787 242 | 0.22 | 1.83 | 11.00 | 1.32 | 8.32 N > > N 2 >
788 182|019 | 1.71 | 958 | 1.06 | 9.0 N N 2> | NN 2 2
792 185 0.18 | 2.09 |10.28 | 0.89 | 11.61 | N 0 > N N N
793 154 | 02 | 273 | 7.7 | 056 |1365| ¥ 0 A2 N7 N N7
800 195 011 | 1.85 |17.73| 1.07 | 1664 | 7 N 0 N N N2
802 21 | 017 | 1.82 | 1235|115 |10.71| > N > N -> 2
839 192 | 0.18 | 1.86 | 10.67 | 1.03 | 10.33 | N N > | YN 2 M
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1 % 7

N/K

9.08

U ]

Fig. 3. Physiological Diagnosis (PD) chart and the established norms for
interpretation of the nutrient balance in wheat leaves (proposed reference
data).

There is a complete correspondence between the order of limitations
indicated by DRIS indices and PD chart.

(3) Shibin El-Kanater county
Sample code number is 951 (N, P and K percentages in dried plant material
were 2.52, 0.22 and 1.78, respectively)

N/P ratio = 11.45, N/K = 1.42, K/P = 8.1.
Reading from PD chart gives the following order of limitation:

NN P22 KN
K>N>P
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This order is identical to that resulted from using DRIS indices. The orders
of limitation calculated from the PD chart enable the imbalance phenomenon to
be observed. This indicates the general validity of the chart and reference data.
This validity of the chart can in no way be affected since from a PD point of
view these “optimum” values are considered “favorable” imbalances. Note that
all the specific advantages of the PD still apply and that a diagnosis of “favorable
imbalances” could be made at any time, under any condition.

A direct application of the proposed standard physiological diagnosis chart
(PD chart) for wheat to some of the low-yielding populations to test the balance
of N, P and K in wheat plants, showed a relative deficiency of N followed by
phosphorus. This result was similar to finding obtained with using the DRIS
indices
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