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Abstract

Introduction: Kinnow mandarin is a high yield cultivar that has special importance due to its interesting flavor and
high tolerance againts high temperature conditons (Nawaz et al., 2008). Unfortunately, it has alternate bearing habit
that affecteing its economic efficiency (Safaei-Nejad et al., 2015) . Foliar application of fruit thining compounds and
nutrientes in on-year could be efective to adjust alternate bearing in fruits (Rabe, 1994; Safaei-Nejad et al., 2015;
Sebastian et al., 2019). This research was carried out in order to the evaluation of the possibility of alternative bearing
adjustment of Kinnow mandarin using foliar application of thinning compounds and nutrients in Dezful region of
Iran.

Material and methods: To cope with alternative bearing problem of Kinnow mandarin trees in Dezful region of
Iran, two separate experiments were conducted during 2018. In the first experiment, in order to increase the yield of
Kinnow mandarin trees in off-crop year, the trees were treated with foliar application of urea (0, 0.3 %, and 0.5%)
and magnesium sulfate (0, 0.1%, and 0.3%) fertilizers and the mixture of them in the early of January, February and
March in on-crop year. In the second experiment, trees were treated by spray application of Naphthalene acetic
(NAA) (zero, 200, 300, and 400 mg/l) and Carbary! (zero, 700, 1200, and 1700 mg/l) at 40 days after full bloom stage
during on-year. At the end, yield, fruit characteristics including fruit weight, fruit length and diameter and their ratio,
total soluble solids, vitamin C, total acidity and TSS/TA ratio were measured. Analysis of variance was performed by
ANOVA procedures (SAS 9.1 for Windows) and significant differences were calculated according to Duncan’s
multiple range tests (P < 0.05).

Results and discussion: according to the results, yield and fruit weight were significantly affected by the
interaction of type of fertilizer x time of foliar application, while fruit length and diameter were not significantly
affected by them. Also, fruit length and diameter were affected significantly by fertilizer type. Foliar application of
urea (0.3%) + Magnesium sulphate (0.1%) in the early of February at on-crop year significantly increased the yield of
Kinnow mandarin trees in off-year. It highlights the role of time of foliar application and ratio of nutrients on
adjustment of alternative bearing of Kinnow mandarin in a special region. Results shows, total acidity of fruits was
significantly affected by time of foliar application while other chemical properties of fruits were not significantly
affected by time of foliar application, type of fertilizers and their interaction. The results indicated, the effects of
foliar application of NAA and Carbaryl at 40 days after full bloom stage in on-year on yield and fruit length were
significant while fruit weight and diameter and the ratio of fruit length to diameter were no significantly affected by
these compounds. The highest and lowest yield of kinnow mandarin trees was related to the treatments of control and
foliar application of NAA (400 mg/l), respectively. Regarding to the yield of Kinow mandarin trees, there were no
statically significant difference between foliar application of Carbaryl and control treatment.

Conclusions: Overall, the highest yield of trees in off-crop year was related to the treatment of foliar application of
urea (0.3%) + Magnesium sulphate (0.1%) in the early of February (on-crop year) that had significant difference
with control trees and it was able to adjust alternative bearing to a satisfactory level. Based on the results, Carbaryl
compound is not able to adjust alternative bearing of Kinnow mandarin trees at 40 days after full bloom stage in
Dezful region. Among different concentration of NAA, NAA spraying with concentration of 200 mg/l adjust
alternative bearing more appropriately and had significant difference with control trees, but the concentration of 300
and 400 mg/lI NAA reduced the level of yield with a great intensity, which is not recommended.
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Table 1. Soil analysis of Kinnow mandarin orchard in Safiabad region of Dezful

Soil depth Sand Silt Clay K (mg/l) P(mg/l) %O.C pH E.C(ds/m) Soil texture (cm)
Silty clay loam 16 46 38 178 13 1.06 7.35 2 0-30
Silty clay loam 14 46 40 7.70 11 30-60
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Table 2. Leaf analysis of Kinnow mandarin orchard in Safiabad region of Dezful
Zn Fe (mg/l) Cu (mg/l) Mg (mg/l) Ca (ma/l) K (%) P (%) N (%)
30 130 20 0.58 35 1 0.22 2.4
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Table 3. Analysis of variance of effect of leaf nutrition of urea and magnesium sulfate in off-year on yield and some
fruit characteristics of Kinnow mandarin trees

Mean squares

S.0vV DF L/D Fruit diameter Fruit length Fruit weight Yield
Fertilizer type 9 0.0040™ 44.50™ 24.93™ 720.70" 37.66
Time of spray 2 0.0053 ™ 30.06™ 1.53™ 615.66" 158.24™

Fertilizer type x Time 18 0.0015" 19.86™ 12.12"™ 439.33™ 33.23"
Error 87 0.0020 17.72 64.76 297.15 10.27

*, **gignificant at P < 0.05 and P < 0.01 respectively
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Table 4. Effect of foliar application of urea and magnesium sulfate in different times on yield and fruit characteristics
of Kinnow mandarin tress in off-year

Fertilizer type Time L/D Fruit diameter (mm) Fruit length (mm)  Fruit weight (g) Yield (Kg)
Jan 0.9972 52.26° 52.23 66.47° 2.27°
Urea 0.3% Feb 0.952° 61.37° 58.03% 106.48% 7.06"
March 0.912° 59.68% 54.64° 107.78%® 5.76"
Jan 0.985a 57.2% 56.00% 100.81% 1.54°
Urea 0.5% Feb 0.970a 58.04° 56.14° 103.46% 2.00°
March 0.970a 63.06° 61016 129.57a 5.30°
Jan 0.932% 60.81° 56.66° 103.81% 4.37°
MgSO, 0.1% Feb 0.930° 64.61° 60.02? 126.03% 4.80°
March 0.960° 60.22° 57.97% 110.22% 4.46°
Jan 0.985° 56.09° 55.22% 93.84% 1.62°
MgSO, 0.3% Feb 0.915% 61.33° 56.27° 113.11%® 12572
March 0.955? 57.93% 55.03% 96.67%¢ 3.07°
Jan 0.997% 58.75° 58.09° 104.43%® 2.60°
0,
ﬁ;@%ﬂgé’% Feb 0.965° 57.63° 56.02 99.45% 2.76°
March 0.965° 56.88% 54.80% 96.07%¢ 3.54°
Jan 0.940° 61.40% 57.56% 110.69% 2.05°
U5+S1 Feb 0.947° 60.53% 57.38% 104.92% 4.17°
March 0.925°% 63.05° 58.22% 118.83% 2.66°
Jan 0.925°% 60.94° 56.48° 110.38% 5.29°
0,
“%;Z%Og/g% Feb 0.88" 63.04° 55,952 111.25% 13.68°
4 Y.
March 0.932% 60.37° 56.30° 106.09% 2.65°
Jan 0.9522 64.68° 61.49° 124.98% 3.07°
0,
,\L/Ijggaoo'g/f;) Feb 0.922° 62.43° 57.54° 115.1% 14.13°
4 Y.
March 0.935°% 62.89° 58.71° 118.83% 5.45°
Control 0.955° 61.19° 58.51° 121.21% 3.35°

Means with similar letters in each column are not significantly different at 5% probability level according to Duncan test.
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Table 5. Analysis of variance of effect of leaf nutrition of urea and magnesium sulfate in off-year on some fruit

chemical properties of Kinnow mandarin trees

Mean squares

S.0.vV DF TSSITA Total acidity Vitamin C TSS
Fertilizer type 9 5.49™ 0.085™ 11.07™ 6.44 ™
Time of spray 2 14.59"™ 0.242" 34.88™ 5.25"™

Fertilizer type x Time 18 7.24™ 0.082™ 14.87™ 3.13™
Error 87 5.67 0.63 19.63 3.54

*, **gignificant at P < 0.05 and P < 0.01 respectively
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Figure 1. Effect of time of nutrient foliar application on fruit acidity concentration in off-year
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Table 6. Analysis of variance of effect of foliar application of NAA and Carbaryl on yield and fruit characteristics of
Kinnow mandarin in on-year

Mean squares

S.0.vV DF L/D Fruit diameter Fruit length Fruit weight Yield
Treatment 7 0.0017™ 8.55" 233.50" 1016.36™
Error 14 0.001 2.21 87.322 59.33

*, **gsignificant at P < 0.05 and P < 0.01 respectively
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Table 7. Effect of foliar application of NAA and Carbaryl on yield and fruit characteristics of Kinnow mandarin in

on-year
Thinning materials L/D Fruit diameter (mm§ Fruit length (mm)  Fruit weight (g)  Yield (Kg per tree)

NAA (200 mg/1) 0.872 61.95% 53.40° 112.081° 49.83°
NAA (300 mg/l) 0.87° 65.76° 57.28° 125.76°% 24.60°
NAA (400 mg/l) 0.8% 64.33° 53.40° 119.32% 24.12°
Carbaryl (700 mg/l) 0.91° 59.24° 53.64° 97.21° 67.26
Carbaryl (1200 mg/l) 0.84% 61.89% 51.80° 106.04° 59.70%
Carbaryl (1700 mg/l) 0.84% 61.47% 51.86° 106.85° 57.61%
Control 0.85° 62.47° 53.36" 111.45°% 68.07°

Means with similar letters in each column are not significantly different at 5% probability level according to Duncan test.
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Table 8. Analysis of variance of effect of foliar application of NAA and Carbaryl on some fruit chemical properties of
Kinnow mandarin in on-year

Mean squares

S.0V DF TSSITA Total acidity Vitamin C TSS
Fertilizer type 7 23.40™ 0.050™ 10.52" 10.25"
Error 14 10.18 18.79 3.99 2.89

*, **gignificant at P < 0.05 and P < 0.01 respectively
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Table 9. Effect of foliar application of NAA and Carbaryl on chemical properties of Kinnow mandarin fruits in on-

year

Thinning TSS/TA Total acidity Citric acid Vitamin C TSS

materials (9/100 ml juice) ( Mg/100 ml juice) (%)
NAA a a a ab

(200mgl) 17.66 0.82 28.67 14.30
NAA (300mg/I) 17.60° 0.74? 25.13% 13.03°
NAA (400mg/l) 17.03 0.75% 24.73% 12.58°
Carbaryl (700mg/1) 21.36° 0.83% 29.80° 17.03°
Carbaryl (1200mg/l) 16.31° 0.87° 29.67° 13.90%
Carbaryl (1700mg/l) 15.24? 1112 27.67% 16.73
Control 12.84° 0.99% 27.67° 1257

Means with similar letters in each column are not significantly different at 5% probability level according to Duncan test.
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