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ABSTRACT
This experiment was conducted during the spring growing

season of 2020 conducted in the field at the Grdarasha farm field of
Agricultural Engineering College, Salahaddin University in Erbil, located
in the south of Erbil city, Latitude: 36.11284 N, Longitude: 44.01247 E.
The soil texture class was silty clay loam, the type of soil vertisols, to
study the effect of four levels of phosphorus TSP (0, 20, 40, 60) Kg P. ha’
! Three levels of K (0, 15, 30) Kg K. hat and Three levels of N (0, 15,
30) Kg N. ha. There combination of yield components and nutrient
balance of chickpea plants by using DRIS methodology, by using; split
split block design with three factors (N, P, and K) 36 treatment with 3
replicates was used. The main results could be summarized as The
combination between Nain plot potassium, Sub main plot nitrogen, and
Sub sub main plot phosphorus levels affected the yield of the chickpea
plant significant also the maximum vyield was recorded in treatment
combination (K2N1P2) was (1.55Mg hat). Whereas the lowest mean value
(0.73Mg ha*) was recorded from the treatment combination (KoNoPo).
The combined effect of nitrogen, phosphorus and potassium fertilizer on
nutrient balance indices (NBI) and yield in chickpea plants. The lowest
nutrient balance index was recorded from the treatment combination
(K2N1P2).
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INTRODUCTION

Chickpea (Cicer arietinum L.) belongs to the family fabaceae, an annual and one of important
pulls crop. Chickpea is one of the important pulse crops that which contains high protein and starch
percentage and it is very important for in human nutrition. Cicer suitable for region with warm
weather and semi-dry conditions, in addition to having high protein content (20-22%) and rich in
fiber and minerals, and it’s the fourth largest grain legume crops in the world, with a total production
of 10.9 million tons from an area of 12.0 million ha a productivity of 0.91 t ha-1. Major producing
countries are India, Pakistan and Iran (FAO, 2016).Although it is one of the founder crops (Zohary&
Hopf,2000) with potential nutritional or medicinal qualities, chickpea has not received the amount of
research devoted to other founder crops such as wheat. It has been consumed by humans since ancient
times due to its good nutritional properties. In addition, chickpea is of interest as a functional food
with potential beneficial effects on human health. The total content of carbohydrate fat and sugar in
chickpea is higher than in other pulses (Jukanti et al., 2012).Chickpea being a leguminous crop
improves soil fertility by fixing atmospheric nitrogen up to 99 kgha in available from (NHs and
NHa4) in the root through the phenomena of symbiosis (Schwenkeetal., 1998).Among the various
agronomic practices, The increased seed yield with higher plant density is largely due to improved
water use and water use efficiency. Plants grown at lower plant density are usually shorter and
branchy, which increases losses during combine harvest (Turneret al. 2001).

Seddique and Sedgely (1985).Chickpea contributes a significant amount of residual nitrogen
to the soil and adds organic matter thereby improving soil health and fertility(Siddique et al., 2005).
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There is also a wrong perception with the farmers that gram being a legume crop does not need any
nutrition. They usually grow it without supplying any fertilizer, where as it is evident from the
literature that application of NPK have beneficial effect on gram yield (Verma and Pandya, 2003;
Saeed et al., 2004).But the question that how much NPK should be applied to which cultivar still
remain sun quench able. This depends upon the final grain yield (Ruhul et al., 1998) and it’s
contributing components (Islam and Islam,2006) whether it is profitable combination or not (Singh
et al., 2003). In modern agriculture, maximizing and sustaining crop yields are the main objectives.
One of the major problems constraining the development of an economically successful agriculture
is nutrient deficiency (Fageria and Baligar, 2005). Nitrogen, Potassium, and Phosphorus are
considered the major nutrient elements for plants because their use as fertilizers is more widespread
and in greater amounts than other elements. For above reasons foliar analysis can be a useful tool for
assessing plant nutrient status only if adequate procedures are available for making diagnoses from
analytical data. Due to the fact of the dynamic nature of foliar composition, which is strongly
influenced by aging processes as well as interactions affecting nutrient uptake and distribution, foliar
diagnosis can become a complex exercise. The diagnosis and recommendation integrated system
(D.R.1.S.) was developed by Beaufils (1971, 1973) as an objective means of coping with the
difficulties inherent in diagnostic procedures (Walworth and Sumner, 1987). The Diagnosis and
Recommendation Integrated System (D.R.1.S.) is a diagnostic approach that uses nutrient
concentration ratios rather than concentrations themselves, to interpret tissue analyses (Beaufils,
1971).

The Nitrogen , Phosphorus and Potassium are essential macronutrients, they are playing an
important role in nutrient balance; on the other hand the plants calcareous soils suffering from
deficiency of Nitrogen , Phosphorus and Potassium due to high calcium carbonate content and
dominance of 2:1 clay minerals in the soil.

MATERIALS AND METHODS

A field study was conducted at the Grdarasha farm field of Agricultural Engineering Science
College, Salahaddin University in Erbil, Which locate in south of Erbil city, Latitude: 36.11284 N,
Longitude: 44.01247 E. During spring growing season of 2020. The soil texture class was silty clay
loam, the type of soil vertisols. The (N, P and K) fertilizer was added before planting, , Iron fertilizer
used in fixed level (6) kgh*  Chelated form, Urea fertilizer which contain 46% nitrogen used in
Three level of N (0, 15, 30) Kg N. ha! , TSP tri-superphosphate fertilizer which contain (46 — 47%
P20s) in Four level of P (0, 20, 40, 60) Kg P. ha! was used, KCI Fertilizer contains (60% K:0)
used in Three level of K (0, 15, 30) Kg K. hal. After soil preparation Fertilizer was added by hand
in the early morning on date at 25 February 2020, and then the Chickpea seeds (Cicer arietinum L.)
were planted at the depth of (4 — 5 cm), the space between two lines was 30 cm, and the distance
between two plants in each line was 10 cm. in each bed two seeds was planted after two weeks of
germination thinned to one plant in each bed. At the stage of flowering of chickpea plant, samples
were taken from four plants in the center of each plot by the cut off the necessary leaves for the
analysis. The samples were weight and oven dried at 65 °C for 72 hours, after drying the samples
were milling, then chemical analysis was performed. Plants were harvested on (27-6-2020), and the
plants were taken in two lines at the center of each block. The weight of the yield was determined for
plants. Total nitrogen was determined by Kjeldahil method as described in Rowell (1996). Phosphate
was determined according to colorimetric method using spectrophotometer at 660 nm, as described
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by Gupta (2006). Potassium was determined according to the method described by Baruah and
Barthakur (1999), using a Flame photometer. Atomic absorption method used for determination of
iron. Table (1) show some Physical and chemical properties of the studied soil.

Table 1. Physical and chemical properties of the studied soil

@ Silt gkg* 503.2
g Particle size distribution Clay gkg! 396.5
3 Sand gkg™ 127.3
% Texture class Silty clay loam
= 15 bar 0.19
§ Water content 0.33 bar 031
= . Specific gravity gcm- 2.647
3 Density Bulk density gcm™3 1.324
Properties Value Unite
ECe 0.76 dSm?
pH 7.72
Active Calcium carbonate 14.3 gkg?
8 Calcium carbonate equivalent 310 gkg?
*é Organic matter 11.75 gkg?
2 Available Phosphorus 3.1 mgkg?
= Total Nitrogen 0.28 gkg?
5 Anions
= Bicarbonate 3.48 meqL?
n Chloride 2.4 meqgL™?
Cations
Magnesium 1.7 meqL?
Calcium 4.3 meqL?

Norms Calculation

The most important step for the diagnostic system in plants is the calculation of standard
values for the norm. 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 Dizayee
(2001) and Abd EI-Rheem (2013).
After the establishment of the DRIS norms, the formula proposed by Beaufils (1973) calculates an
index for each nutrient that range from negative to positive values. All nutrient indices always sum
to zero (Elwali and Gascho, 1984). Essentially, a nutrient index is a mean of the deviations from the
optimum or norm values (Bailey, 1997).
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DRIS Methodology

DRIS norms and coefficients of variation (CVs) were derived according to the procedure by
Walworth and Sumner (1987). The nutrient concentrations were expressed into as many ratios as
possible (N/P, P/N, N/K,and inverse). DRIS indices were calculated for each nutrient using the
general formula, for A to N nutrients (Mourdo Filho, 2004). The overall status of nutrient balance in
the plant in showed by the absolute sum of all of the individual D.R.1.S. indices. D.R.1.S. determines
the sufficiency of each nutrient index simultaneously for each nutrient. This identifies not only the
nutrient most likely to be limiting, but also order in which other nutrients most likely to be limiting,
and D.R.L.S. calculates nutrient balance index (NBI), which indicates the overall nutrient balance in
the plant. It provides a means of simultaneously identifying balances, deficiencies and excesses of
crop nutrients, and ranking them order of importance (Walworth and Sumner, 1987).

Index A = [f (A/B) + f (A/C) + f(A/D) ........ +f(AN)]/Z
Index B = [-f (A/B) + f (B/C) + f (B/D) ........ +f(B/N)]/ Z
Index N = [- f (A/N) — f (B/N) — £ (C/N) ........ -fF(MINY] / Z

When A/B > a/b, f (A/B) =(A/B-1)1000 a/b CV

When A/B < a/b, f (A/B) = (1 —a/b) 1000 A/B CV

Where, A/B is the tissue nutrient ratio of the plant to be diagnosed;
a/b is the optimum value or norm for that given ratio;

CV is the coefficient of variation associated with the norm;

%CV = i_*lOO

X
Where:
X" = Mean of the concentrations for certain nutrients
S = standard deviation of nutrients or (square root of variance).

Z is the number of functions in the nutrient index composition.

Values of other functions such as f (A/C) and f (A/D) were calculated in the same way using
appropriate norms and CV.

The index value for each nutrient represents an integrated measure of its sufficiency as compared to
all other nutrients. The more negative the index value for a nutrient, the more limiting is that nutrient.
The descriptive statistics for yield, leaf nutrient concentration and nutrient ratio expressions were
carried out using the Excel (2010) Microsoft package.

RESULTS AND DISCUSSION

DRIS approach provides the relative order of nutrient need, since the level of one nutrient is
compared with those of all other nutrients balance is an inherent part of the system. DRIS determines
the sufficiency of each nutrient index simultaneously for each nutrient and calculates the nutrient
balance index (NBI), which indicates the overall nutrient balance in the plant (Girma and Beyene
2018). It provides a means of simultaneously identifying imbalances, deficiencies, and excesses in
crop nutrients, and ranking them in order of importance (Walworth and Sumner, 1987).Standard
deviation and coefficient of variance for (N, P, and K) ratio from these different conditions, these
concepts are basic in DRIS application, also this system was used to measure the deviation actual cut-
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variance showed in a table (2).

Table (2) Standard deviation and coefficient of variance for yield above 80% for selecting the

norms
N/P N/K N/Fe p/K P/Fe K/Fe
Means | 3.92 2.57 109.23 0.66 28.22 42.56
S 0.57 0.21 14.63 0.07 4.17 4.82
CV% |14.54 8.17 13.39 10.61 14.78 11.33

The norms, standard deviation and coefficient of variance for nutrients under study were
calculated from the high yield treatment (K2N1P2). After establishment of norm, the formula proposed
by (Beaufils, 1973) was applied for calculating nutrient indices that ranges from negative to positive
values. The summation of all nutrient indices for the same treatment always equal to zero
(Elwali&Gascho, 1984), for example the summation of nutrient index for control treatment (KoNoPo)
equal to zero (N-index (-19.42) + P-index (1.42) + K- index (-11.92 ) + Fe-index (29.92) = zero) table
(4). A nutrient index in a mean of the deviation from the optimum or norms values the negative index
values indicate that the nutrient levels are below the optimum. Consequently the negative index the
more deficient the nutrients. A positive index indicates that the nutrient levels are above the optimum
and more positive index the excessive the nutrients that are relative to normal.

Table (3) Percentage of nutrient concentration and nutrient ratio in leaf for chickpea plant

Concentration Nutrient ratio
Treat N% | P% KW |Fe% |N/P | N/K | N/Fe p/K | P/Fe K/Fe
KONOPO [293 |0.89 |[1.22 |0.04 |3.29 |240 |73.25 0.73 |22.25 |30.50
KONOP1 [325 |0.82 |131 |0.04 |3.96 |248 |81.25 0.63 | 2050 |32.75
KONOP2 325 |0.75 | 125 |0.03 |[4.33 [260 |108.33 |0.60 |25.00 |41.67
KONOP3 340 |0.80 |129 |0.03 |425 |264 |113.33 |[0.62 |26.67 |43.00
KON1PO [3.42 |0.87 |136 |0.03 [3.93 [251 |114.00 |0.64 |29.00 |45.33
KON1P1 [3.34 |0.88 |129 |0.03 |3.80 [259 |111.33 |0.68 |29.33 |43.00
KON1P2 328 |0.85 |130 |0.03 |[3.86 [252 |109.33 |0.65 |28.33 |43.33
KON1P3 [3.31 |0.84 |132 |0.03 |3.94 |251 |110.33 |0.64 |28.00 |44.00
KON2PO [3.37 |0.74 | 133 |0.03 |[455 [253 |11233 |0.56 |24.67 |44.33
KON2P1 [3.24 |0.82 |1.26 |0.04 |3.95 |257 |8100 0.65 |20.50 |31.50
KON2P2 | 4.47 |099 |157 |0.03 |[452 [285 |149.00 |0.63 |33.00 |52.33
KON2P3 349 |094 |135 |0.04 |3.71 |259 |87.25 0.70 | 2350 |33.75
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Continue Table 3.

Concentration Nutrient ratio

Treat N% | P% KW |Fe% |N/P | N/K | N/Fe p/K | P/Fe K/Fe

KINOPO 337 |0.76 |132 |0.03 |443 |255 |11233 |0.58 | 2533 |44.00

KINOP1 |3.06 |0.85 |122 |0.04 |3.60 |251 |76.50 0.70 | 21.25 | 30.50

KINOPZ2 312 |097 |129 |0.03 |322 |242 |104.00 |0.75 |32.33 |43.00

KINOP3 |3.41 |091 133 [0.03 |3.75 |[256 |113.67 |0.68 |30.33 |44.33

KIN1PO |284 |0.71 |1.15 |0.03 |[4.00 |247 |94.67 0.62 | 23.67 |38.33

KIN1P1 |3.01 |0.72 | 115 | 0.03 |4.18 |262 |100.33 |0.63 |24.00 |38.33

KIN1P2 343 |091 |134 003 |3.77 |25 |11433 |0.68 |30.33 |44.67

KIN1P3 |3.62 |0.85 |139 |0.03 |[426 |260 |120.67 |0.61 |28.33 |46.33

KIN2PO |3.95 |[097 [1.44 |0.03 |4.07 |274 |131.67 |0.67 |32.33 |48.00

KIN2P1 |3.46 |[0.74 |133 |[0.03 |4.68 |2.60 |11533 |0.56 |24.67 |44.33

KIN2P2 1329 |093 |124 |0.04 |354 |265 |8225 0.75 | 2325 |31.00

KIN2P3 328 |095 |126 |0.03 |345 |260 |109.33 |0.75 |31.67 |42.00

K2NOPO 390 | 096 |142 |0.04 |4.06 |2.75 |97.50 0.68 |24.00 | 35.50

K2NOP1 |3.42 |093 |133 [0.03 |3.68 |257 |114.00 |0.70 |31.00 |44.33

K2NOP2 343 |095 (135 |0.03 |[3.61 |254 |11433 |0.70 |31.67 |45.00

K2NOP3 | 3.11 |0.78 | 129 |0.03 |3.99 |241 |103.67 |0.60 |26.00 |43.00

K2N1PO [3.02 |0.85 |126 |0.04 |355 |240 | 7550 0.67 |21.25 |31.50

K2N1P1 333 |0.89 |130 |[0.03 |3.74 |25 |111.00 |0.68 |29.67 |43.33

K2N1P2 |3.26 [0.84 128 |[0.03 |3.88 |255 |108.67 |0.66 |28.00 |42.67

K2N1P3 |3.34 [0.84 (132 |0.03 [398 |253 |111.33 |0.64 |28.00 |44.00

K2N2PO [3.28 |0.80 |131 |0.03 |[410 |[250 |109.33 |0.61 |26.67 |43.67

K2N2P1 349 |093 |135 |0.03 |3.75 |259 |116.33 |0.69 |31.00 |45.00

K2N2P2 321 |0.87 |130 [0.03 |3.69 |247 |107.00 |0.67 |29.00 |43.33

K2N2P3 |4.04 |098 |145 |(0.03 [4.12 [279 |134.67 |0.68 |32.67 |48.33

Table (4) DRIS indices, absolute total, yield, and relative yield for chickpea plant

INDICES
Treat N index P index Kindex | Fe index AT Yield R.Y%
KONOPO | -19.42 1.42 -11.92 29.92 62.68 0.73 47
KONOP1 | -9.75 -10.65 -5.48 25.88 51.76 0.89 58
KONOP2 | 2.72 -8.67 2.20 3.75 17.34 1.05 68
KONOP3 | 3.94 -5.46 1.44 0.08 10.92 1.24 80
KON1PO | 0.29 -0.63 3.97 -3.63 8.52 1.34 87
KON1P1 | 0.06 2.51 -0.90 -1.67 5.14 1.43 92
KON1P2 | -1.06 -0.03 1.74 -0.65 3.48 1.53 99
KON1P3 | -0.61 -1.66 3.34 -1.07 6.68 1.38 89
KON2PO | 3.87 -13.03 7.84 1.32 26.06 1.22 79
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Continue Table 4.

INDICES

Treat N index P index Kindex | Feindex AT Yield R.Y%
KON2P1 | -8.44 -9.31 -9.76 27.51 55.02 1.01 65
KON2P2 | 16.98 -1.32 3.98 -19.64 41.92 1.02 66
KON2P3 | -7.27 -1.72 -9.49 18.49 36.97 1.15 74
K1INOPO | 3.48 -10.39 6.04 0.87 20.78 1.19 77
K1INOP1 | -13.66 -3.81 -12.22 29.69 59.38 0.92 59
K1INOP2 | -8.78 12.47 -1.35 -2.34 24.94 0.93 60
K1INOP3 | -0.11 3.71 0.33 -3.92 8.07 1.25 81
KIN1PO | -4.99 -7.18 0.75 11.42 24.34 1.18 76
KIN1P1 | 0.10 -7.39 -2.14 9.42 19.05 1.24 80
KIN1P2 | 0.12 3.33 0.87 -4.31 8.63 1.28 82
KIN1P3 | 5.17 -4.58 4,72 -5.30 19.77 1.18 76
K1IN2P0O | 8.78 2.86 0.52 -12.16 24.32 1.06 68
K1IN2P1 | 6.35 -13.74 6.76 0.63 27.48 1.19 77
K1IN2P2 |-9.29 1.73 -16.41 23.97 51.40 1.08 70
KIN2P3 | -2.52 10.12 -5.22 -2.38 20.24 1.10 71
K2NOPO | 0.68 -4.23 -9.27 12.82 27.00 1.22 78
K2NOP1 | -0.37 5.41 -0.51 -4.53 10.82 1.27 82
K2NOP2 | -1.24 6.60 0.24 -5.60 13.68 1.27 82
K2NOP3 | -3.60 -5.40 6.04 2.96 18.00 1.16 75
K2N1PO | -16.40 -4.53 -7.93 28.86 57.72 0.97 63
K2N1P1 |-0.79 3.23 -0.35 -2.09 6.46 1.37 88
K2N1P2 | -0.70 -0.31 0.78 0.23 2.02 1.55 100
K2N1P3 | 0.20 -1.87 2.96 -1.30 6.33 1.45 94
K2N2P0O | 0.03 -5.11 4.55 0.53 10.22 1.33 86
K2N2P1 | 0.87 4.43 0.23 -5.53 11.06 1.31 84
K2N2P2 | -3.58 2.31 1.91 -0.64 8.44 1.25 81
K2N2P3 | 10.45 2.94 -0.04 -13.34 26.77 1.27 82

A nutrient index in a mean of the deviation from the optimum or norms values the negative
index values indicate that the nutrient levels are below the optimum. Consequently the negative index
the more deficient the nutrients. Apositive index indicates that the nutrient levels are above the
optimum and a more positive index the excessive nutrients that are relative to normal.If the DRIS
index is equal to zero indicating that the nutrient is at optimum level (Baldock and Schulte, 1996).The
relationship between plant nutrient concentration and yield is a premise to use the plant analysis as a
diagnostic criterion and the relationship between nutrient concentration and DRIS indices may be a
valuable criterion to validate the DRIS norms. If there is a relationship between plant nutrient

concentration and DRIS index, this index can be used to make a nutritional diagnosis. This fitted
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model between nutrient concentration and respective DRIS index probably shows negative and
positive DRIS index, and it could be used to determine optimum leaf concentration because the
nutrient foliar concentration at null DRIS index possibly does not limit crop yield. Means values of
the data revealed that the highest absolute total was recorded from treatment combination (KoNoPo)
and attained (62.68) if compared with other treatments the treatment combination is (KoNoPo) is
highest value was recorded and also the DRIS index is the highest are (29.92) and (1.42) in the table
(4) was recorded positive signal for (Fe) and (P) respectively. however for (N and K) means were (-
19.42,-11.92) respectively excessive when the DRIS indices are negative and positive in these cases
imbalance as well as the nutrient balance is above or below the optimum the grain yield was recorded
(0.73Mg ha') and also the relative yield was low was (47%), after addition of Nitrogen, phosphor
and potassium affected the nutrient balance to reduce, the result shows by increase the level nitrogen,
phosphor, and potassium to the soil increase the nutrient balance index like the treatment combination
between nitrogen, phosphor, and potassium effect of increase balance between nutrients after that to
increase Yyield by increase levels of nitrogen, phosphor and potassium increased yield and balance.
Addition of (15 Kg N ha?) of nitrogen with (40 Kg P ha) of phosphorus with (30 Kg K ha
1) of potassium in the treatment combination (K2N1P2) as well as to increase the grain yield to (1.55Mg
ha1). The treatment combination (K2N1P2) regards as the most balanced treatment among the studied
combinations, with the absolute nutrient index (2.02) which resulted from DRIS indices (-0.70,-
0.31,0.78,0.23) for (N,P,K, and Fe) respectively. The nutrient index for the treatment combination
(K2N1P-) is the DRIS index near the level optimum. In comparing the highest and lowest nutrient
balance index the results of the highest (62.68) and the lowest (2.02) A.T values were recorded
treatment combination (KoNoPo) and (K2N1P2) respectively and the highest and the lowest grain yield
(1.55Mg ha) and (0.73Mg ha) were recorded from (K2N1P2) and (KoNoPo) treatment respectively
the nutrient balance index for the optimum absolute total is (2.02) also the highest yield was recorded
in the optimum nutrient balance were recorded from (K2N1P2) . The absolute total for the highest and
lowest yield was (2.02, 62.68) respectively with the mean yield of (1.55, 0.73Mg ha) and the mean
relative yield of (100%, 47%) respectively. The nutrient index as a fellow for the N index is (-19.42)
and decrease to (-0.70) in these time the nitrogen a negative DRIS index indicates that the nutrient
level is below the optimum in these time nitrogen is low near the optimum level or approximately in
treatment Combination (K2N1P2) , phosphor index was recorded (1.42) reduced to (-0.31) and also
increase the nutrient balance in treatment combination (K2N1P>) in these time the phosphor appositive
DRIS index indicates that the nutrient level is above the optimum, and the DRIS index for potassium
was recorded (-11.92) reduced to (0.78) and also increase the nutrient balance in treatment
combination (K2N1P2) in these time the potassium a positive DRIS index indicates that the nutrient

level is above or near the optimum. This outcome is to be coupled with higher yield with the smaller
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absolute total for value nutrient index elements agree with (Saeed,2008) on corn and (Dizayee,2001)
on soybean. The results in figure (1) supported the above discussion of the significant correlation
between nutrient index balance and percentage of yield. The results in figure (1) Show the treatments

for the yield above 80% to calculate the DRIS norms.

120 -
T 80% |
= od of
2 100 - 0294
” 56878889~
84
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_E 6365666868
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Figure (1): Combination effect between Nitrogen, Phosphorus, and Potassium on grain yield Mg.ha*

The point of intersection of the six axes represents the optimum nutrient composition and
where the highest yield is obtained. The concentric circles are confidence limits, the inner one being
set at the mean (+,-15%) and the outer one at the mean (+,-30%) for each ratio. The values outer both
circles represent high sufficiency or high deficiency depending on the arrow direction, when the arrow
points to the above index of sufficiency when the arrow point down represents deficiency and for the

right adequacy or optimum table (5),Fig. (2).

Table (5) The Optimum and Critical Value for Nutrient Ratios in Chickpea plant

Limits of confidence | N/P N/K N/Fe p/K P/Fe K/Fe
+30% 5.10 3.34 142.00 0.86 36.69 55.33
+15% 451 2.96 125.62 0.76 32.45 48.94
Norm 3.92 2.57 109.23 0.66 28.22 42.56
-15% 3.33 2.19 92.85 0.56 23.99 36.18
-30% 2.74 1.80 76.46 0.46 19.75 29.79
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Figure (2) The DRIS chart for (N, P, K, Fe) The Optimum and Critical Value for Nutrient Ratios in
Chickpea plants.

0.56

CONCLUSION
The field experiment was conducted during the winter season of 2020 at the College of

Agricultural Engineering Science Dpt.of soil and water science- University of Salahaddin —Erbil-1raq
to study the “Using D.R.L.S. approach in the nutrient balance of N, P,K and Fe for Chickpea plant
(Cicer arietinum L.) “using three levels of nitrogen (0, 15, 30) KgN.ha, three levels of phosphorus
(0, 20, 40, 60) Kg P. hal, and three levels of potassium (0, 15, 30) Kg K. ha*. Iron fertilizer used in
fixed level (6) kg.ha. The experiment was laid out in split split plot design with three replications

and 36 treatment combinations. The main results were summarized as fallow the treatment
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combination (K2N1P>) regards as the most balanced treatment among the studied combinations, with
the absolute nutrient index (2.02) which resulted from DRIS indices (-0.70,-0.31,0.78,0.23) for
(N,P,K, and Fe) respectively. In comparing the highest and lowest nutrient balance index the results
of the highest (62.68) and the lowest (2.02) A.T values were recorded treatment combination
(KoNoPo) and (K2N1P2) respectively and the highest and the lowest grain yield (1.55 Mg ha™) and
(0.73 Mg ha) were recorded from (K2N1P2) and (KoNoPo) treatment respectively the nutrient balance
index for the optimum absolute total is (2.02) also the highest yield was recorded in the optimum
nutrient balance were recorded from (K2N1P2) . The absolute total for the highest and lowest yield
was (2.02, 62.68) respectively with the mean yield of (1.55, 0.73 Mg ha*) and the mean relative yield
of (100%, 47%) respectively.
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