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Introduction

Sugarcane (Saccharum officinarum L.) is a perennial plant belonging to the cereal family. Sugarcane is a major
agricultural crop cultivated extensively in tropical and subtropical regions worldwide. Its phenological growth
cycles lead to changes in the plant's nutritional requirements. Understanding these changes requires comprehensive
knowledge of the plant's growth stages, as well as the decomposition processes of soil and plant leaves throughout
these stages. The availability of nutrients required by the plant during the growth stages of the plant is one of the
key points of normal plant growth, therefore, plant nutrition management plays a significant role in achieving
optimal performance. Considering these changes, the leaf analysis and diagnosis method can prevent the
limitations caused by plant nutritional disorders and the optimal use of fertilizers required in sugarcane cultivation.
The combined nutrient detection (CND) method is one of the appropriate methods in interpreting the results of
plant nutrient analysis, nutrient requirements and nutritional balance status in plants. Performing leaf sample
analysis is an effective approach to monitor and assess the nutritional status of sugarcane. Given that sugarcane
may have a multi-year cycle, this method provides a reliable indicator for assessing the nutritional needs of the
crop during its cultivation period. One of the effective methods for assessing nutritional limitations in sugarcane
is through the CND method. This method provides the advantage of quickly delivering up-to-date standards while
identifying specific nutrients responsible for nutritional imbalances that may reduce productivity. Additionally, it
enables the detection of limitations caused by deficiencies and excesses, indicated by negative and positive indices,
respectively. The aim of this study was to determine the order of limitation for nitrogen, phosphorus, potassium,
calcium, magnesium, copper, iron, manganese, and zinc using the CND in the commercial sugarcane variety CP69-
1062 grown in ratoon farms. In the northern Khuzestan farms, which have the potential for higher sugarcane
production, nutritional limitations may still restrict productivity.

Materials and Methods

The present study was conducted in ratoon sugarcane fields in the Shuaibih area of Imam Khomeini sugarcane
cultivation and industry. The objective of this study was to examine the impact of fertilization management and
assess nutrient balance in the commercial sugarcane variety CP69-1062 grown in ratoon farms. To achieve this,
25 farms were selected during the 2023-2024 crop year. The concentrations of nitrogen, phosphorus, potassium,
calcium, magnesium, iron, manganese, zinc, and copper were analyzed in the leaves of the sugarcane plants. After
the harvest season, the yield of each field was measured and recorded. The intermediate yield, obtained using the
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Khayari method, allowed the farms to be divided into two groups based on whether the yield was favorable or
unfavorable. Subsequently, CND reference numbers, CND nutrient index and nutrient balance index (r?) were
calculated. This index was calculated using the Keith-Nielson method, based on the Chi-square statistical
distribution function (K2) in Excel software.

Results and Discussion

The results of the cumulative distribution function of the variance of nutrients, with an intermediate yield of
99 tons per hectare, indicate that 52% of the studied ratoon sugarcane farms were in the high yield group and 48%
were in the low yield group. After solving the equations of the cumulative function of the third order of the studied
nutrients, the nutrient balance index values were found to fall within the range of (2.62 to 20.58) in the optimal
performance group, with an average value of 109.28 tons per hectare. The highest value of this index (r? = 199.95)
was observed in the Raton sugarcane field, with a yield of 73.08 tons per hectare. The CND reference numbers of
the evaluated nutrients and remaining compounds were as follows: V*N= 2.87, V*P= 1.04, V*K= 2.64, V*Ca
=1.95, V*Mg =1.29, V*Fe = -1.75, V*Mn = -3.35, V*Zn = -4.72, V*Cu = -3. 92, and V*Rd = 4.13. The index of
CND nutrients showed that copper and iron had the highest negative index among micronutrients in the group of
low-yielding ratoon sugarcane fields. The presence of calcareous conditions in the soil of the studied fields can be
one of the reasons for this observation.

Conclusion

The CND nutrient balance index (r?) was positive, especially in low-yielding ratoon sugarcane fields, and much
higher than its value in high-yielding fields, which indicates nutritional imbalance in these fields. Proper
management and balanced use of fertilizers should be considered. It can improve yield and growth cycle of
sugarcane.
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Table 2- Average concentration of evaluated nutrients in leaves of the studied Raton sugarcane fields

P o 595 ool o245 oS’ oy o Oj9r
Manganese Copper Zinc Iron Magnesium Calcium Potassium Phosphorus Nitrogen
mg kg mg kg'* mg kg'* mg kg'* YA A VA yA VA
58.95 4.25 113.96 202.36 0.34 0.23 0.63 0.13 1.67
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Table 3- Estimation of intermediate performance (turning point) based on cumulative functions method of logarithmic
variance ratio of food elements

i yole ¥ oas > ddleo R? (-b/3a) las alass
Nutrients Fic(VX)=aY3+bY2+cY+d Ton ha't
‘_"‘3”:”' y =-0.0052x3 + 1.6987x2 - 183.82x + 6623.7  0.88 108.89
Nitrogen
s y =0.0012x3 - 0.2956x2 + 20.46x - 243.71 0.96 82.11
Phosphorus
“’“L’ y =0.0018x3 - 0.4662x2 + 34.277x - 588.23  0.93 86.33
Potassium
- y =-0.007x3 + 2.2525x2 - 239.57x + 8466.7  0.86 107.26
Calcium
’””M y =0.0021x3 - 0.5832x2 + 49.371x - 1196.3  0.97 92.57
Magnesium
IOMI y =-0.0022x3 + 0.7722x2 - 90.552x + 3545.1  0.89 117.00
ron
Z“_” y =-0.0002x3 + 0.1392x2 - 25.526x + 1344.3  0.98 232.00
inc
o y =-0.0074x3 + 2.3684x2 - 251.97x + 8899.2  0.87 106.68
Copper
e y =0.0007x3 - 0.164x2 + 8.0432x + 141.9 0.97 78.10
Manganese
odile b bS5 _
R y =-0.0052x3 + 1.7082x2 - 185.45x + 6698.4  0.95 109.50
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Table 4- Calculation of CND reference numbers

&Cl;l‘;lbD‘”‘ V*R  V*Mn V*Zn V*Fe V*Mg V*Ca V*K V*P V*N
R’A&hﬂ 4,13 -3.53 -4.72 -1.75 1.29 1.95 264 1.04 287
ean

S Bl

L 0.07 0.04 0.04
Standard deviation

0.02 0.08 0.05 0.08 0.07 0.08




VYY L maid gy 5l ooliwl b oyl 95 obiuwl Jlouds ]yl 35l (6 49085 Cauridg (31«3l 5K g oamnns

. 12000
: ] —&— Fi(VFe)
o E 10000 o
z g —8—Fi(VZn)
‘:, £ 80.00 —o— Fi(VCu)
il N
2 T 60.00 —e— Fi(VMn)
1 \
52 40.00
18¢
12 2000
> E .
L 000 » S804
B = 80,00 90.00 100.00  110.00  120.00  130.00
T E -20.00
3:i 5 3 ,5dos
Yeild (ton ha™')
120.00
\ —&—Fi(VN)
— £ 100.00 &
:. —e— Fi(VP)
£ 5 80.00 —e—Fi(Vk)
I
2, —e—Fi(VC
3 60.00 L
R —e— Fi(VMg)

40.00

20.00

)8 il S

Cumulative function of logarithmic variance ratio (%)

0.00 S
80.00 90.00 100.00  110.00  120.00  130.00
-20.00
3, Slos
Yeild (ton ha-1)
120.00

2
:Ig 100.00
-
£E% 8000

] -
a2
'2‘: £ 60.00 —&— Fi(VRd)
Y ES 4000
},s
) =
=2  20.00
2 2

=
;’; 0.00
gg 80/00  90.00  100.00 110.00 120.00  130.00

Z -20.00

5 3 ,Slos

Yeild (ton ha-1)

S Jgnazme 3,Sos Jilio 10 sile (AU OluS 45 g (2148 jolie ook ) il ylg Comd (oo 2U 413900 ¥ o ¥ () —€ UG
Figure 4- 1, 2 & 3 Cumulative function diagram of the logarithmic variance ratio of food elements and remaining compounds
against sugarcane yield
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Table 5- Table 5- Comparison of nutrient concentrations evaluated in Ratoon sugarcane fields (F) in two performance
groups: favorable (A) and unfavorable (B)

s Shos e o 89 o i oS ety Hd 039
F . Manganese Copper  Zinc lron Magnesium  Calcium  Potassium  Phosphorus  Nitrogen
Yeild mg kg'* VA
A 109.28 27.169 8.238 18.538 160.550 0.336 0.655 1.297 0.264 1.648
B 8735 23.667 5908  14.025 133.500 0.280 0.593 1.238 0.257 1.675
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Figure 5- The average CND indices of nutrients of Ratoon sugarcane fields with unfavorable yield
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Table 6- Index of CND nutrients in Raton sugarcane fields with unfavorable yield

3 Slos CND CND CND CND CND CND CND CND CND 2
Yeild IndexMn IndexCu IndexZn IndexFe IndexMg IndexCa IndexK IndexP IndexN
98.64 -0.87 -2.32 -1.25 1.97 -1.35 -1.68 2.75 1.47 0.00 27.60
95.85 -1.52 -4.07 -1.22 0.55 0.85 -0.22 -0.22 0.01 2.34 29.18
95.31 -0.61 -1.63 -0.70 -2.81 -2.18 -0.49 0.31 0.23 2.20 30.17
91.09 -0.75 -2.02 -0.85 0.43 0.06 -0.91 -1.68 0.82 0.48 23.63
91.04 -2.05 -1.56 -1.91 -6.59 214 -0.85 111 0.98 1.20 64.12
90.46 -0.93 -2.38 -1.55 -4.40 -2.83 -2.89 2.89 5.14 1.62 82.56
89.93 -0.09 -2.77 -0.61 -3.94 -2.04 0.61 0.96 -0.66 2.82 42.07
89.28 -0.12 -5.49 -1.59 -7.26 0.85 0.93 0.51 2.29 1.56 97.27
81.33 0.11 -7.05 -1.27 -0.96 -3.29 1.85 1.70 3.14 0.82 89.05
76.46 0.73 -10.63 -1.74 -2.91 -0.26 3.66 1.77 -1.14 2.74 160.57
75.69 1.00 -11.38 -2.47 -2.13 1.69 3.31 0.00 0.41 2.64 169.26
73.08 2.21 -10.15 -3.00 -5.59 -2.69 3.78 2.07 3.32 3.07 199.95
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Figure 6- The average CND indices of nutrients of Raton sugarcane fields with unfavorable yield
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