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ABSTRACT

A regional survey was conducted in Nubaria region, concerning
maize (Zea mays L.) in order to develop diagnostic norms and evaluate
yield- limiting nutrients in case of low-yielding maize.The leaf
nutrient status was interpreted using Diagnosis and Recommendation
Integrated System (DRIS) of Beaufils (1973). Leaf samples were
taken at the silking stage and analyzed for N, P, K, Ca, Ng, Fe, Mn,
and Zn. Nutrient indices were calculated using published standards
and locally-developed indices (Nubaria region). Preliminary DRIS
norms for maize leaves are developed from 287 sets of data on
elemental (NPKCaMgFeMnZn) leaf composition and corresponding
yields. This is done by dividing the population of observations into
two subpopulations on basis of yield. The norms are calculated from
those forms of expressing the leaf parameters which significantly
discriminate between the two subpopulations.

The degree of nutrient imbalance in plant is expressed in terms
of DRIS index which measures the extent to which a particular
nutrient deviates from the established norm. The norms are developed
in such a way that the influence of age of tissue sampled on the
diagnostic index is minimized. The DRIS norms enable one to
diagnose whether N,P, K,Ca,Mg,Fe,Mn or Zn is the nutrient most
limiting to maize production in a particular case to be diagnosed.
However the DRIS studies can be made irrespective of variety and age
at which the plant leaf is sampled.

The DRIS system in predicting nutrient imbalances even when
the nutrient concentration in the plant is in or above the critical or
suficiency level range, is illustrated.
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INTRODUCTION

Maize (Zea mays L.) requires substantial amount of nutrients for
maximum yield and quality. Reliable nutrient norms for obtaining
adequate nutrient balance is, therefore, required for rationalization of
nutrient applications. Nutrient status in plants is diagnosed using
nutrient concentration or dual ratios in selected tissues (Walworth and
Sumner,1987). The use of dual ratios in the program of diagnosis and
recommendation integrated system"DRIS"(Beaufils 1973) instead of
nutrient concentration could reduce the effect of nutrient interation,
dilution or accumulation in plant tissues. The DRIS developed norms
from data banks of observations representative of a particular
cropping system, consisting of a minimum of tissue nutrient contents
and associated yields.The norms which are used as reference standards
against which samples to be diagnosed and compared, are calculated
as the means of the various forms of expressing the nutrients
(N%,P%,K%,N/P,N/K,P/K,... etc.) for a high yield population of
plants. DRIS norms are derived from a population of observations of
leaf compositions and corresponding yields representing the
variability encountered by the crop in the field. This population is
subdivided on the basis of yield and visual appearance of the crop in
the field into two subpopulations, one of which is a subpopulation of
high-yielding, good-looking plants. The means are derived by
selecting the forms expressing leaf composition (for example, N/P and
N/K) and discriminate between the high-and low-yielding
subpopulations in terms of a significant variance ratio, where the
mean values for the selected forms are the basis of the norms.

This approach utilizes indices that measure the degree of nutrient
balance within the plant and rank the nutrients in their limiting order
of requirement by the plant (Beaufils, 1973; Beaufils and Sumner,
1977; Sumner, 1977, 1978 and 1979 and Raghupathi and Bhargava,
1998).

The objectives of this study are to develop DRIS indices for
maize grown in newly reclaimed soils of low fertility and hence more
than two or three nutrients were found to be vyield- limiting .
Comparing the locally derived norms with the existed nonlocal norms
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and identifying the order of the most nutrient (or nutrients) among the
tested nutrients (N,P,K,Ca,Mg,Fe,Mn and Zn) and the order in which
other elements would likely become limiting are next goals of the
study .

MATERIALS AND METHODS

A regional survey was conducted in 287 locations of maize crop
involving collection of leaf and soil samples, informations on vyield,
and other management practices. The samples were collected at the
silking stage from plants distributed in five inspections of Nubaria
region, i.e., Tiba, West Nubaria, North Tahrir, Sugar beet and El-
Hammam.Inspection locations of the study area are as illustrated in
Fig.1. The sites from which the samples were collected are shown in
Fig. 2.
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At silking stage, from each selected field the leaf opposite and
below ear was removed for nutrient analysis. The foliar samples were
decontaminated, dried at 70 °C, ground and wet digested using H,SQO4
and HCIO4 Total nitrogen was determined by the micro Kjeldahl
method (Bremner and Mulvancy, 1982). Phosphorus in digests was
colourmetrically measured according to the procedure of John (1970).
Potassium was determined by flame photometer as described by
Jackson (1967). Atomic absorption was used for estimation of Ca,
Mg, Fe, Mn and Zn (Bhargava and Raghupathi, 1993).

Corresponding maize plants were harvested at maturity stage
from each field and the grain yield was recorded. All collected
samples(287) were divided into high yielding populationplants > 3.24
Mg grains / feddan. DRIS norms were calculated for the high yielding
population because the high yield usually results from balanced
nutrients in plant.Physical snd chemical properties in soil are
presented in Tables 1, 2 and 3.

Table 1: Soil physical properties of Nubaria soils of inspection.

Depth | Bulk density Partical size distribution
Inspection Texture class
cm Mg/m* Sand % | Silt% | Caly %
0-30 1.32 49.43 1.102 29.47 Sandy clay loam
North Tahrir
30-60 1.36 46.45 25.37 28.18 Sandy clay loam
0-30 1.26 88.40 4.10 7.50 Sand
West Nubaria
30-60 1.13 91.50 3.50 5.00 Sand
0-30 1.45 51.00 26.00 23.00 Sandy clay loam
Sugar beet
30-60 1.61 46.00 24.00 30.00 Sandy clay loam
0-30 1.55 53.10 21.60 25.30 Sandy clay loam
El-Hammam
30-60 1.59 57.00 16.00 27.00 Sandy clay loam
0-30 1.29 48.00 24.00 28.00 Sandy clay loam
Tiba
30-60 1.33 50.30 23.50 26.20 Sandy clay loam
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Table 2: Soil chemical properties of Nubaria soils of inspection.

Inspection D:r;h CUnEOS o | Ece Soluble ions (mmolc/T)
Ca?0 | Mg?o | Nao Ko | €03 | HCOs3 | cr |soo”
North | 0-30 | 1880 [810[175| 714 | 168 | 785 | 036 | 000 | 187 | 784 | 730
Tahric | 3960 [ 1547 [790 | 181 | 918 | 258 | 378 177 | 000 | 497 | 196 | 1038
West | 0-30 | 1322 |800|150 | 714 | 119 | 675 | 035 | 000 | 291 | 588 | 664
Nubaria |'30.60 | 810 |[760|280 | 1224 | 442 | 1100 | 045 | 000 | 510 | 784 | 1517
Sugar | 030 | 3320 [ 860|400 [ 1530 | 596 | 1687 | 300 | 000 | 619 | 980 | 2514
beet  1"30%60 | 3210 | 820 | 405 | 2448 | 492 | 1253 | 177 | 000 | 568 | 784 | 308
El- 030 | 2923 [840 (3251173 | 591 | 1440 | 046 | 000 | 425 |11.76 | 1649
Hammam {3069 | 2600 |820 (220 | 714 | 364 | 1096 | 035 | 000 | 15 | 686 | 13.70
e |30 | 3720 870260 | 1218 | 503 | 1096 | 050 | 000 | 940 | 588 | 1339
3060 | 3400 [830|215| 816 [ 311 | 1060 | 043 | 000 | 740 | 588 | 9.02

* EC m dS/m ofthe saturation extract.

Table 3: Soil contents of
phosphorus, potassium,

organic matter, total nitrogen and available
iron, manganese and zinc in Nubaria

inspections.
Soluble ions (mmole/T)
Inspection D:&“‘ Cq[f s pH || EC*
(]
Ca*d | Mg*D NaO KO CO3* | HCO3™ | Cr | son*
0-30 1880 | 810 | 1.75 ( 7.14 1.68 7.83 0.36 0.00 1.87 7.84 7.30
North
Tahrir
30-60 1547 | 790 | 1.81 | 9.18 2.58 3.78 1.77 0.00 497 196 | 10.38
West 0-30 1322 | 8.00 | 1.50 | 7.14 1.19 6.75 0.35 0.00 291 5.88 6.64
Nubaria
30-60 8.10 7.60 | 2.80 | 12.24 442 11.00 0.45 0.00 5.10 7.84 | 1517
Sugar 0-30 33.20 | 8.60 | 4.00 | 1530 5.96 16.87 3.00 0.00 6.19 9.80 | 25.14
beet
“ 30-60 | 32.10 | 8.20 | 4.05 | 24.48 4.92 12.53 1.77 0.00 5.68 7.84 | 30.18
L 0-30 2923 | 840 | 3.25 | 11.73 591 14.40 0.46 0.00 4.25 11.76 | 16.49
Hammam
30-60 [ 26.00 | 820|220 ( 7.14 3.64 10.96 0.35 0.00 1.53 6.86 | 13.70
0-30 37.20 | 8.70 | 2.60 | 12.18 5.03 10.96 0.50 0.00 9.40 588 | 13.39
Tiba
30-60 [ 34.00 | 830|215 8.16 3.11 10.60 0.43 0.00 7.40 5.88 9.02

*EC indS/m of'the saturation extract.
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Calculating the DRIS indices:

The DRIS (diagnosis and recommendation integrated system)
reference norms of Beaufils (1973) were established using the
criterion of significant variance ratio between desirable (high yielding)
and undesirable (low yielding) subpopulations .

Maize grain yield of 3.24 Mg/ fed. was taken as a value to
separate the data base of 287 observations into low and high yielding
subpopulations. The high yielding subpopulations of 116 observations
comprised 40.42% of the total observations while, the low yielding
subpopulations of 171 observations comprised 59.58% of the total
observations.

Each of the eight tested nutrients (N, P, K, ca, Mg, Fe, Mn and
Zn) was expressed as a numerator and again as a denominator of ratios
with each of the other seven nutrients. The means and variances were
calculated in the two subpopulations (high yielding and low yielding)
for each nutrient. The DRIS reference parameters were selected as
those nutrient ratios which gave the highest and significant values for
the variance ratios between the two subpopulations (variance of low
yielding populations / variance of high yielding populations). The
DRIS norms for N/P, N/K and P/K show the highest and significant
variance ratios between the two subpopulations.The N/P or N/K or
P/K must be computed only for the high yielding subpopulations and
then divided by the number of observations of each expression. Thus

N/P N/K
the norm of n/p = Z— Z—
z

Z
D PIK
z

and the norm of n/k = and the

norm of p/k =

Where:

N: Refers to nitrogen concentration percent N(%) in leaf under diagnosis.

P. Refers to phosphorus concentration percent P(%) in leaf under
diagnosis.

K: Refers to potassium concentration percent K(%) in leaf under
diagnosis.

z: Number of high yielding observations.

n/p: is DRIS norm for nitrogen / phosphorus.

n/k: is DRIS norm for nitrogen / potassium.

p/k: is DRIS norm for phosphorus/ potassium.
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DRIS indices used in the current investigation are quantitative
evaluations of the relative degree of imbalance among the nutrients
under study that can be calculated from the following equations:

[f(N/P)+f(N/K)}

N index = +

e f(N/P)—f(P/K)}

f(P/K)+ f(N/K)}

[
&7

Where:
1000
f(N/P)= } when the actual value of N/P > n/p.
n/p (1000
f(N/P)=
or f( ) [ N/P} cV when the actual value of N/P < n/p,

n/p is the mean (norm) value for N/P, and C.V is coefficient of
variation for high-yielding populations.

The other terms of f(N/K) and f(P/K) are derived in a similar
way using the means, n/k for N/K and p/k for P/K, 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 nutrients that might be included.

The order of plant nutrient requirements is affected by the value
of the index where, the most negative index reflect the most required
nutrient (Sumner, 1977a, 1977b, 1981; Letzsch and Sumner, 1984; El-
Wali et al., 1985; Walworth et al., 1988; Goh and Malakout, 1992;
Khiari et al., 2001; Abdel Warth, 2002 and Abd El-Hady, 2004).

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 and 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
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high yield. However, this desired composition should not be
considered 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 (standard
deviation) from the origin, which takes account of the variability in
the population. A plant composition falling within this circle would be
considered as relatively balanced 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 is a zone of slight to
moderate imbalance. This is depended an arrow at 45° degrees to the
horizontal (K7) (N ) 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 (1) (|) being
either too high ot 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-
1973).

N/P

Zone of P T ZoneofN N/K
K/ P deficiency excess

Zone of K
excess

L

Zone of K
deficiency

Zone of N Zone of P
deficiency excess

¥ L}

Fig. 2: Physiological Diagnosis chart for direct determination of N, P
and K status.
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RESULTS AND DISCUSSION

Calculation of DRIS norms

Table 4 Mean values of standard deviation (SD), coefficient of variation
(CV), variance (8°), variance ratio of low-yielding/ high-yielding
populations (Vie/Vhigh ) of maize for different nutrient ratios for maize
grown in Nubaria.

Nutrient High-yielding ¢ Low-yielding ¢ ¢
ratio SD | CV% | & SD | (V% Vi Viren
N/P 1.85 | 20.69 342 2.81 30.90
N/K 0.19 | 1378 | 0.036 025 17.66
Ca/N 0.078 | 25.17 | 0.006 0.135 | 31.92
Mg/N 0.047 | 2745 | 0.002 0.0799 | 34.92
Fe/100N 0.117 | 3246 | 0.014 0.182 | 37.93
Mn/100N 0.048 | 20.78 | 0.002 0.0957 | 29.81
Zn/100N 0.0385 | 21.96 | 0.0015 0.0713 | 32.13
P/K 0.0375 | 2328 | 0.0014 0.056 | 23.65
Ca/P 0.825 [ 2985 | 0.680 1.712 | 44.71
Mg/P 0.510 | 33.18 | 0.260 1.090 | 52.14
Fe/100P 1.316 | 4045 1.732 1914 | 44.61
Mn/100P 0.584 [ 2820 | 0341 1210 | 41.65
Zn/100P 0457 [ 2933 | 0.209 0.831 | 41.70
Ca/K 0.125 | 29.07 | 0.0157 0.207 | 34.53
Mg/K 0.072 | 30.24 | 0.0052 0.130 | 39.82
Fe/100K 0.186 | 37.04 | 0.0347 0278 | 40.65
Mn/100K 0.0756 | 23.53 | 0.0057 0.156 | 34.21
Zn/100K 0.0621 | 25.60 | 0.0039 0.114 | 36.18
Ca/Mg 0.551 [ 29.11 | 0.3035 0.648 | 33.29
100Ca/Fe 0450 | 46.05 | 0.2024 0.5175 | 50.55
100Ca/Mn 04418 | 31.72 | 0.1952 0.5616 | 39.65
100Ca/Zn 0.6204 | 3342 | 0.3849 0.8206 | 39.72
100Mg/Fe 0.2584 | 47.59 | 0.06677 0.2985 | 53.78
100Mg/Mn 0.2527 | 32.88 | 0.0639 0.3271 | 42.47
100Mg/Zn 0.3667 | 3553 | 0.1345 0.5315 | 46.97
Mn/Fe 0.3176 | 43.56 | 0.10088 0.4253 | 53.65
Zn/Fe 0.2194 | 40.64 | 0.0481 0.3018 | 55.36
Mn/Zn 04229 | 3041 | 0.1788 0.5038 | 32.90

¢ 116 observations represent high-yielding sub-population.
¢ ¢ 171 observations represent low-yielding sub-population.
*:significant at P > 0.05

**: significant at P> 0.01

Table 4 shows mean values, coefficients of variation (CV),
standard deviations (SD) and variance (5°) ratio of low-yielding/
high-yielding (Viow/Vhigh ) for maize grown in Nubaria region.
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Different expressions of nutrient ratios, i.e., n/p, n/k, ..., and Zn/Mn
for low and high-yielding populations, were calculated .

Binary nutrient ratio combinations of all eight nutrients were
calculated, and summary statistics evaluated for each of the resulting
56 nutrient ratio expressions were done.

For both sets of populations (low-and high-yielding
populations), S.D., CV% and &% (variance) were calculated. Also, the
variance ratio of low- and high-yielding populations was calculated
for the above-mentioned experissions and its significancy was tested.

The variance ratio of most calculated experissions were
significant at a probability level of 0.01.

These results are similar to those reported by (El-wali et al,
1985).

The significancy of variance ratios i.e., n/p,n/k,...,.&Mn/Zn may
be considered as a good evidence on the validity of the assumption
used in separation low- and high-population which was set at 3.24
Mg/fed.

Low-yielding population showed high values of standard
deviation and coefficient of variation as compared with high-yielding
population. This could be attributed to the heterogenity in plant
samples representing the low-yielding population. However, in case of
the high-yielding population, the samples seemed to be more
homogenized.

Calculation of DRIS indices for N, P, K, Ca, Mg, Fe, Mn and Zn
in corn plants grown in Nubaria region, Egypt:

Table 5 shows DRIS indices as well as the order of limitation
calculated from the published international norms reported by Elwali
et al. (1985). With applying local DRIS norms to the data of the
selected samples of plants grown in Tiba inspection, the obtained
values of DRIS norms were almost similar to those shown by El Wali
et. al.,(1985) particularly for N rather than P and K . As for
micronutrients, iron occupied the third position as it was the third
limiting nutrient.



UZOIKUW<BW<R4<DO<NLd | 151z | s601 | ves | sev | 006 | orer | zovnr | "€00 | oo | 1o [ 0w | 8¢ | &9 | s | oz | o1 0T

UZ<SUWLDD<BWSNOI<®<d | stre | sror | %0 | 2ot | oo | oo | vese | oo |78 | oor | o5 | os |oor | s | o1 |voz| oz

:EA:NAw"_AcUAm_zAZAv_An_ wwvr | essz | sest | ers | or | eoer | etz |V [ oo | o8 | ver| se | st | o | ot | ooz S61

BW<3I<DICUWIKUZSNLG | v96 | o9 | sz | coer | esor | sso- | oeze O oy | pe | e | su | em | wer | orT | Tz F61

UOA:NAOEAQH_AV_AEZAZA“_ v9'8 | LOT- | TI€T | LOL | TUST| SIT | 689T s_m_ 06 | ¥S | 88 | o0 |sTr| LT | oLt | 06r €61

DD<IIKUWSBWUZOIKNL | 08 | 16t | orsr | et | sz | sve | ovee :H_N 8F | S8 | 0ST | 0 | 0T | 88T | 02T | §IC My

UW<UZLDD<BWN<a4<I<d | 1901 | tr1e | 659 | sto | esmn | zoar | osee | 10s | s | 86 | oz | o |oor | or | 051 | 622 0

UOAOEA:EA."_A:NA&"_AZAV_ 6% | S€LT mm_ﬂ_ €661 | 90°8€ | 00°LE | SpE Guﬁ St | 68 | oL | sL |sLr|Ter|ore | S0t 87

DO<UZ<OI<UWBWLdSNCN | 9591 | oz | oos | 200 | vest | szve | ose | V%0 | e | 0w | obr | o | oer | es | ove | o0z ST

PRELIMINARY DRIS NORMS AND DRIS INDICES FOR MAIZE

142

B)<UZ<BN<AKUZLYN<KNLS ser- | st | ecmn | tesr | vze | vvoe | eose | TR | v | 66 | wir | st | s | est| oo | Lt 91
SN<BI<UN<@I<N<UZLY <] LIS | €0'sT | 671 | L6'ey | S0°0T :‘“o Y oose | er [ or | s | ss | oor [ san | st | os | s 41
<UD <UZ<SIN<IILN<L] st | Lovr | o6 | esT |osre | oo | wsve | 0T [ os | os | oz | os |ost| o | o | i 6
E)<UN<BN<UZ<d<DJ<N<N ws | woer | 00 | v | sesr | teve | ver- | P3| vr | vor | s | os | s | ver | osT | ot 8
VFAENIEEENESE d N [uzZ |[uiw a4 [SIN [eD | 3 | d | N ON

(%) apo)

el Spt Srad uonisodumod saavd| Jpdureg

‘uondddsur eqiy, ur usmois suonyemdod Surp[a1A-mo] Jo sopdures jueyd pajdd[as 10J (SQ6T “Te’)° Memy)

SULIOU [BUOI)BILIIIUI WO} PIJB[NI[EI IIP.I0 Y} JO SISOUSRIP pue sIIpUI S ‘SudLpnu Jo uonisodwod Jea| *S Iqe



J. Biol. Chem. Environ. Sci., 2011, 6 (1), 131-151 143

Comparison between local and international norms:

The two sets of norms (international and local) reveal a complete
corespondence between n/p, n/k, p/k norms (Table 6). In this context
the effect of regionality and or size of samples disappeared.

Table 6. Values of DRIS norm and coefficient of variation (CV)
for local and international (Elwali et al., 1985) studies on maize.

International

Ratio (Elwali et al., 1985)

Norm cv
N/P 9.035 23.64
N/K 1.463 29.12
P/K 0.169 31.95
Ca/N 0.160 35.63
Mg/N 0.071 40.85
Fe/100N 0.394 24.62
Mn/100N 0.151 57.62
Ca/P 1.447 42.29
Mg/P 0.639 51.64
Fe/100P 3.588 32.80
Mn/100P 1.416 75.01
Zn/100P 0.883 47.57
Ca/K 0.237 50.63
Mg/K 0.104 60.58
Fe/100K 0.568 35.39
Mn/100K 0.218 64.22
Zn/100K 0.140 48.57
100Ca/Fe 0.410 46.10
100Ca/Zn 1.919 56.64
100Mg/Fe 0.190 51.58
100Mg/Zn 0.830 60.72
Mn/Fe 0.405 61.48
Mn/Zn 1.716 68.47
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Values of other norm expressions showed a wide diversity
between the local and the international. The local ones were generally
significantly higher than the international. Such deviation may be
attributed to the effect of the region from which samples were
collected and the availability of Ca, Mg, P, Fe, Mn and Zn under
warm conditions of the semi arid region (Egypt). Also, this situation
could suggest that regionality may affect to some extent the values of
DRIS norms depending on soil properties at least with maize plants.
However, the results are in a good agreement with those of Walworth
et al. (1986). DRIS norms of the current study could be used on a
large scale and may present rather valid norm not only for Nubaria,
but also for the whole country.

Direct reading of N, P, K, Ca, and Mg indices for maize on
physiological diagnosis (PD) chart :

Table 7 shows the direct reading of nutrient requirements by
maize plant in terms of comparable functions of field as a reflection of
the interation within the plant was first established by Beaufils (1957)
for rubber trees. This reading was achieved by the means of tri-linear
coordinate chart identical to the one reproduced in Figure 2. Readings
by means of arrows, are explained in detail in previous work of
(Beaufils and Sumner, 1976). The direct reading of N P K Ca Mg
indices for corn on the PD (physiological diagnosis) chart was
performed for selected observations (61) of the low-yielding
population in each inspection and represented by the following
example:

Tiba inspection: Sample code number is 193 (percentages of N, P, K,
Ca and Mg in dried plant material were 19.00, 1.70, 17.30, 12.50 and
5.00, respectively).Ratio N/P = 11.18, N/K = 1.10, P/K=0.10,
Ca/K=0.72, Ca/Mg=2.50, Mg/K=0.289 and Ca/P=7.35.

Reading from P N K chart gives: N2V PN KD and the
order of limitation is: P > N > K, reading from P K Ca chart gives:
PV KN CaM and the order of limitation is:P > K > Ca and
reading from K Ca Mg chart gives : K\v=> CaMNA MgN-> and the
order of limitation is: K > Mg > Ca ; linkage between the three charts
gives the qualitative order of requirement for these nutrients as: P > N
>K>Mg>Ca



J. Biol. Chem. Environ. Sci., 2011, 6 (1), 131-151 145

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

Table 7. Basis for physiological diagnosis, established norms for
interpretation of the nutrient balance in maize leaves (proposed
reference data).

Interpretation . .
Symbol P Nutrient ratio X/Y
class
N/P N/K P/K | Mg/K | Ca/K | Ca/Mg| Ca/P
W | Severe deficiency | <323 <58 | <005 | <007 | <013 | <057 | <083
. 0.05- 0.07- 0.13-
Np Deficiency 323645 | 058-112 | T 013 o5 | 057114 | 083145
A Ten‘d(lancy 6.46-7.69 | 1.13-1.24 %‘]]2' %]143- %2; 1.15-1.50 | 1.66-2.20
deficiency : : :
Balanced 0.13 0.19- 0.35-
> (normall 7.70-10.06 | 125151 | 0.29 o5 | 161-227 | 221-331
0.20- 0.30- 0.52-
A Tendency excess | 1017-1140 | 1.52-143 | 0.3 0po | 228263 | 332:3.86
0.22- 0.35- 0.41-
0 Excess 11.41-2280 | 1.64-326 | 0 048 lpp | 264-526 | 387-7.72
™M Severe excess >22.80 >3.26 >040 | >048 | >120 >5.26 >7.72
Mean of normal 8.93 1.38 0.15 0.24 0.43 1.89 276
plants(norm)

The chart gives a semi-quantitative order of plant requirement
for these nutrients as: N > P > K > Mg > Ca. The same order was
obtained when calculated from the equations of DRIS indices (Table,
5). The obtained results are in a good agreement with those of Abdel-
Wareth (2002) and Abdel-Hady (2004), in which there was a
correspondence between the DRIS indices and the PD chart. A direct
application of the proposed standard PD chart for maize to some of the
low-yielding populations to test the balance of N, P, K, Ca and Mg in
plants, showed a relative deficiency of N followed by P. These results
are similar to the findings obtained with using the DRIS indices.



146  PRELIMINARY DRIS NORMS AND DRIS INDICES FOR MAIZE

P N/K
3 o ' 11.40 ‘

Fig. 3-a. DRIS chart for obtaining the qualitative order of requirement for
N,Pand K in corn. Means of significant expressions (value at origin
in chart) are:N/P = 8.93, N/K=1.38, P/K=0.16.

Cal/P Ca f 0.60 K‘ P/K

Fig. 3-b. Physiological Diagnosis chart for direct determination of the P,
K and Ca status.
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CalMg Ca f 0.60 K‘ Mg/K

Fig. 3-c. DRIS chart for obtaining the qualitative order of requirement for
K,Ca and Mg in corn. Means of significant expressions (value at
origin in chart) are:Ca/K = 0.43 Ca/Mg=1.89,Mg/K=0.24.
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