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Introduction

Nitrogen plays an important role in the uniformity and quality of citrus trees. Several studies previously
reported that a low level of nitrogen in citrus trees is generally caused a reduction in yield and fruit quality (Aziz,
1997; Khan et al., 2009). In this regard, applying urea is recommended as the most suitable form of nitrogen for
foliar application. The polyamines are included; putrescine, spermidine, and spermine which have been
considered as plant growth regulators (Alcazar et al., 2010; Khezri et al., 2010). The role of nitrogen in
vegetative and reproductive growth and yield, as well as the correlation between polyamines, flower induction
and fruit set in other plants, were proved in previous studies. In this regard, the results of the current study will
increase our understanding about the role of polyamines in the morphology of the tree and also the mechanism of
regulating the alternate bearing of Kinnow mandarin leading to an approach method to address this problem.

Materials and Methods

To conduct this study a 17-year-old uniform of Kinnow Mandarin (Citrus reticulate Blanco) grafted onto
Bitter orange (Citrus aurantium) rootstock, which grown in a commercial orchard, located in Dezful (Khuzestan
Province in Iran). For sampling, the branches which possess leaves and nodes were selected from four sides of
each tree, then leaves and nodes were collected at three different time points (one, three, and five weeks post-
treatment). Samples were immediately frozen in liquid nitrogen after excision and transported to the Physiology
Laboratory of fruit trees within 2h for determining the N fractions and polyamines. The concentration of N in
dried leaves and nodes was determined using the colorimetry technique as described by Walling et al. (1989).
The experiment was set up as a factorial treatment based on a randomized complete block design with three
replications to investigate the effect of different concentrations of urea foliar application (0, 0.75%, 1.5%) on
nitrogen and polyamines contents at different time points (Dec 22, Jan 5, Jan 20) followed by evaluating flower
characteristics and yield in Kinnow mandarin plant. Data analysis including variance was carried out using
MSTATC and SAS software. To compare the mean of polyamines and nitrogen in leaves and nodes, the cut-out
method was used, and also for comparison of pistil dimensions, number of flowers, and yields, Duncan's
multiple range test (DMRT) was performed.

Results and Discussion

Results indicated that polyamines concentration and nitrogen decreased during the period of time and also, in
most cases, polyamines concentration was lower in the nodes than the leaves. High levels of polyamines and
nitrogen were obtained in leaves and nodes which were treated with the foliar application of 1.5 % urea
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concentration after Jan 20. The polyamines content in leaves and nodes was greatly dependent on the spraying
time and urea concentration used. Spermine (Spm) was the dominant polyamines in leaves and nodes with the
highest values of 44.01 nmol/gF.W, 34.41 nmol/gF.W, respectively. Regarding the fact that flower density was
higher in trees that treated with urea concentration of 1.5 % after Jan 5 y than other treatments, however, their
yield was lower than the trees that treated on Dec 22 with the same urea concentration. This was probably due to
the flower abscission as well as the fruit abscission in June. The results of this study showed that the highest
yield was obtained with 1.5 % urea concentration after foliar application on Dec 22 compared with other
treatments. Regarding the fact that flower differentiation in mandarin occurs during the late January until late
February (in Dezful conditions), it can be explained that the foliar application on Dec 22 was performed before
differentiation and consequently, the trees have received their required nitrogen. Also, the low-temperature is
considered as natural inducer of citrus flowering in the Dezful, likewise, foliar fertilizer application in winter
along with the natural factor (low temperature) stimulates flowering in a larger number of buds resulting in
increasing the flowering. As nitrogen promotes vegetative and reproductive growth, it can be said that increasing
the nitrogen content of leaves followed by transfering to the nodes, increases the number of buds, especially
reproductive buds, which leads to an increase in flowering and yield. According to this study, the foliar
application of urea in winter with 1.5% concentration can increase yield in Kinnow mandarin trees. Therefore,
polyamines can play an important physiological role in flower development of Kinnow mandarin.

Conclusion

In this study, we focused on the effect of the foliar application urea during winter on leaves and nodes of
Kinnow mandarin trees and investigated the polyamines, Put, Spm, and Spd contents upon treatments. In
conclusion, the application of foliar urea in winter resulted in the significant endogenous increase of polyamines
and N in the leaves and nodes of Kinnow mandarin trees. Also, yield, flower density, and pistil diameter were
increased by spraying urea. There is a possibility that free polyamines affect on physiological processes.
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Table 1- Soil analysis results for studied orchard
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Table 2- The interaction effect of urea concentrationx Spray time xtime sampling on polyamines (Put (Putrescine), Spd
(Spermidine ), Spm (Spermine)) and N contents in the leaf of Kinnow mandarin tree
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Means in each column followed by same letters don’t have any significant difference according to Duncan’s multiple range test

(p<0.05).

Out and inside of parentheses letters indicate comparison overall effects and comparison of the slicing method, respectively.
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Table 3- The interaction effect of urea concentration xspray time xtime sampling on polyamines (Put (Putrescine), Spd
(Spermidine ), Spm (Spermine)) and N contents in the shoot nodes of Kinnow mandarin tree
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Means in each column followed by same letters don’t have any significant difference according to Duncan test (p<0.05).
Out parentheses letters means comparison overall effects and inside of parentheses letters means comparison of the slicing method.
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Figure 1- A: The interaction effect of urea concentration xspray time on yield of Kinnow mandarin tree. B: The nteraction
effect of urea concentration xspray time on flower number of Kinnow mandarin tree. C: The effect of urea concentration on
pistil diameter of Kinnow mandarin tree. D: The effect of spray time on pistil diameter of Kinnow mandarin tree (DMRT,
p<0.05)
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Table 4- Correlation coefficients of the measured traits in leaf and node

S N Put S| N
Put leaf Spd leaf IE;P leaf noL(;e Spd node n(r))(;r; node Flower Pistil Pistil
Oy el 1 e e ol | asogg density  diameter length
O QI P O Q90 = = . =
_ _ s %) b b
Sy Sy Sy Sy o)f 0,8 N e Fesly Sbks (Sl b
Put fea o *
o 1 0.68 0.57 0.57 0.68 0.49 0.99 0.72 0.34 0.54 -0.55
Sy Y
Spd reaf . . . - * *
= - 1 0.9 0.56 0.99 0.89 0.58 0.97 0.78 0.53 -0.75
32 Oyl
Spm leaf . - - . " . .
= - | 1 0.745 0.90 0.99 0.49 0.76 0.93 0.72 -0.76
P e
N leaf . . - *
o tens 1 0.57 0.73 0.55 0.56 0.67 0.75 -0.74
2 0395
Put node . - " *
- . 1 0.98 0.58 0.93 0.79 0.54 -0.73
0y (o po
Spd node . o . .
i 1 0.46 0.75 0.94 0.72 -0.71
0)5 (e yuun!
Spm node .
- | 1 0.79 0.31 0.52 -0.53
0,5 oy
N node .
. 1 0.64 0.47 -0.67
o) L9
Flower
Density 1 0.69" -0.55
J5 oSy
Pistil
Diameter 1 -0.63
Sl s
Pistil
Length 1
Sk Jsb

[N g o lod Jlosisl o 53 5o gime st g %
*and **. significant at the 0.05 and 0.01 of probability levels, respectively.
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