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ABSTRACT

This investigation aimed mainly to study the radioactive isotope of manganese (Mn–54) was used to study foliar absorption, translocation, distribution and consequently utilization of Mn in combination with soil application of Phosphorus on six-month- old mango seedlings (Hindi Bi-Sinara cv.). In this study, three rates of Mn (0.125, 0.25 and 0.50%) solutions were prepared using MnSo4 which foliar applied in combination with 4 rates of P (0.0, 25, 50 and 100 ppm) as soil application. Manganese solutions were labeled with Mn-54 carrier-free to give 250.000, 500.000 and 1000.000 cpm (count/min.) for Mn at 0.125, 0.25 and 0.50%, respectively.

Mango leaves could absorb Mn-54 in appreciable activity and about 20% of it was upward and downward translocated. Approximately 60% of mobile Mn-54 was upward translocated  and the rest of it (40%) was downward translocated. Moreover, utilization of Mn-54 by mango leaves ranged from 8-14% according to Mn rate. It means that spraying with MnSo4 is considered a good source for supplying mango seedlings with this element. Generally, not only can foliar application of Mn supply or correct Mn deficiency in mango plants within a few days, but it is also successful method for maximizing the efficiency of application and minimizing the accumulation of elements as pollutants in the soil.

INTRODUCTION

The Mango (Mangifera indica, L.) is one of the oldest widely cultivated fruits in the subtropical and semitropical regions. It is also one of the popular tropical cultivated in both the world and Arab Republic of Egypt. The acreage planted area with mango about 139433 Feddans (according to the census of the Ministry of Agriculture in 2005). Great attempts were done on the macro and micro-nutrients application either as soil or foliar spray in order to correct nutritional status, stimulating vegetative growth, improving fruit quality of mango and increasing its yield. In regard to the circulation of the mineral elements in the plant, Devlin (1975) stated that the movement takes place in four general directions: (1) upward, (2) downward, (3) lateral and (4) outward. Foliar absorption and translocation of Mn-54 were highly and significantly affected by its concentration in the spraying solution, pH values and the surface active agent concentration. Maximum absorption and translocation were at pH 6 and 0.5% surfactant  ( Mohamed and Ragab, 1984). On Balady orange seedlings (two-year-old), the Mn-54 retained in the sprayed leaves increased significantly by increasing the concentration of MnSo4 from 0.5 to 1.0%. Translocation of the absorbed Mn-54 within the orange shoot, either in an upward or in downward direction, was highly related to its absorption through the treated leaves. In addition, the rate of upward was more pronounced than downward translocation. The total absorption of Mn-54 from the MnSo4 solution was 2.16 and 2.04 times higher than those of the mixture at 0.5 and 1.0%, respectively. The percentage use of Mn in case of MnSo4 (4.95 and 3.68%) was more than double of that in the mixture (2.30 and 1.80%), either at 0.5 or 1.0%. Moreover, increasing the MnSo4 rate in the spraying solution from 0.5 to 1.0% caused a significant decrease in the percentage use of Mn about 25% (Mohamed et al., 1995). Mohamed et al., (2001) found that increasing the rates of labeled Zn solution resulted in a great increasment in the total absorption of Zn-65 in the presence of soil application of P. translocation of the absorbed Zn-65 either in upward or downward direction was positively related to the total absorbed amount. The percentage use of Zn-65 by mango leaves was reduced by increasing foliar Zn rates.
In this work radioactive isotope of manganese (Mn-54) was used to study foliar absorption, translocation and utilization of it by mango seedlings supplied with P rates through soil application.

MATERIALS AND METHODS

The present work was conducted on six-month- old mango seedlings (Hindi Bi-Sinara cv.) grown in the green house of Plant Res. Dept., Nuclear Res. Center, Atomic Energy Authority at Inshas region, Sharkia Governorate. This investigation aimed mainly to study the radioactive isotope of manganese (Mn–54) was used to study foliar absorption, translocation, distribution and consequently utilization of Mn in combination with soil application of Phosphorus. 
In this concern, a factorial experiment was conducted to study the effect of three concentrations of manganese solutions labeled with Mn-54 foliar applied in combination with four P rates soil application on foliar absorption, translocation, distribution and utilization of Mn-54 by mango seedlings. Manganese concentrations were 0.125, 0.25 and 0.50% Mn, and their solution were prepared using MnSo4 form, pH value was adjusted to 6.0 and Tween-20 at 0.5% (v/v) was added as surfactant agent. These solutions were labeled with Mn-54 carrier-free to give 250.000,500.000 and 1.000.000 cpm/1ml for 0.125,0.25 and 0.50% Mn, respectively. However, the various investigated P soil applied rates i.e., 0.0, 25, 50 and  100 ppm. Moreover, N and K fertilizers were applied at 1.0g/pot in the form of (NH4)2SO4 and 1.26g/pot in the form of K2SO4, respectively.
Experimental layout :

Thirty six mango seedlings “6-month-old” were carefully selected and transplanted on March 1st 2004 individually in pots each contained 2 kg of the same soil (sandy clay loam). Regular irrigation with tap water was applied. On April 1st, N and K fertilization were soil applied at 100 and 126 ppm, respectively. A complete randomized block design was used for arranging the differential 12 P-Mn treatments which represented the various combinations between foliar application of three Mn rates and four P rates soil application.

Labeled manganese solutions “Mn-54” were applied by fixing the middle leaf of each seedling in a horizontal position on wooden carrier. Then, solution volume just enough to wet the upper leaf surface without causing run-off was foliar applied per each fixed leaf (plant). Thus, on May 1st, 2004, 1.0 ml of the corresponding labeled Mn solution was added in small droplets using a micro-pipette onto the upper surface of each treated leaf at the end of day. Two weeks later from Mn-54 foliar application had been done the experiment was terminated. Then treated plants were taken out and divided into (a) the leaves above treated leaf, (b) stem above treated leaf, (c) treated leaf, (d) the leaves below treated leaf, (e) stem below treated leaf and (f) roots. The treated leaves were washed twice with tap water, then with 2×10-3 M EDTA to remove the non-absorbed radionuclide and stable element (Wallace et al., 1969).

Activities of Mn-54 in plant samples were assayed using a Single-Channel Analyzer “Gamma Counter” Model P-2000 Scintillation. The obtained data were used to calculate the following measurements as mentioned by Mohamed et al., (1995):

a- Retained Mn-54 in treated leaves, cpm/plant.

b- Upward translocation of Mn-54 in stem, and leaves above treated leaf, cpm/plant.

c- Downward translocation of Mn-54 in stem, leaves below treated leaf and roots, cpm/plant.

d- Total absorption of Mn-54 in whole plant, cpm/plant.

e- Utilization percent of Mn-54 according to the following equation :

Utilization percent = 
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Statistical analysis : 
All data obtained from this study were subjected to statistical analysis (Snedecor and Cochran, 1968). Means of each studied factor and their interaction for every studied parameter were compared by the Duncan’s multiple range test (Duncan, 1955). Letters were used for comparing means of specific and interaction effects. However, capital letters were employed for comparing means within each column or row which represented the specific effect of any investigated factor. As for values of interaction effect, small letters were used.  

RESULTS  AND  DISCUSSION

1-Total absorption of Mn-54 by mango leaves :

Total absorption of Mn-54 by mango leaves was responded to rates of both Mn-54 foliar applied solution and Phosphorus soil application (Table, 1). Foliar absorption of Mn-54 was markedly and significantly increased by raising the concentration of labeled Mn ( Mn-54 ) in the solution from 0.125% to 0.25 or 0.50%, but this increase was not proportional of the increase in Mn rates. In this regard, increasing the concentration of labeled Mn in spraying solution from 0.125% to 0.25 and 0.50% increased total absorption of Mn-54 by about 55% and 121% over that of lower rate (0.125% ), respectively.

Soil application of phosphorus from 0.0 to 100 ppm tended to increase gradually foliar absorption of Mn-54 by mango leaves. This enhancing effect of P on Mn-54 absorption was declined as the concentration of sprayed Mn solution increased in spraying solution. In this regard increasing of foliar absorption of Mn-54 ranged from 7% to 19%, from 3% to 11% and from 2% to 6% for Mn rates at 0.125, 0.25 and 0.50%, respectively.

Table (1): Total absorption of Mn-54 by mango leaves (cpm / whole plant) in relation to rates of Mn                  

                foliar; P soil application and their combinations during 2004 season.

	              Labelled Mn foliar applied                 

                                           solution (%)
P soil application (ppm)
	Total absorbed Mn-54 (cpm/whole plant)

	
	0.125
	0.25
	0.5
	Mean **

	0
	34790 g
	56755 e
	82215 c
	57920 C

	25
	37215 g
	58410 e
	84070 bc
	59898 B

	50
	40365 f
	61110 de
	86445 ab
	62640 A

	100
	41465 f
	62795 d
	87430 a
	63897 A

	Mean*
	38459 C
	59768 B
	85040 A
	 


*, ** refer to specific effect of labelled Mn foliar spray concentration and P soil applied rates, respectively. Capital and small letter/s were used for distinguishing between values of specific and interaction effects, respectively, whereas means followed by the same letter/s were not significant at 5 % level.
It could be concluded that increasing soil application rate of P enhanced foliar absorption of Mn-54 by mango leaves. This effect may be due to the improvement of nutrients balance, in particular P-Mn, within plant tissue.

2-Retained Mn-54 in treated mango leaves:

Data in Table(2) clearly revealed that  Mn-54 retained in the treated leaves was significantly increased by increasing Mn rate in spraying solution. Increasing retained Mn-54 in the sprayed leaves ranged from 52 – 65% and from 109 – 138% over that of 0.125% Mn by increasing Mn rate to 0.25 and 0.50%, respectively. Moreover, retained Mn-54 in treated leaves was gradually increased as the P rate of soil application was raised from 0.0 up to 100 ppm. Maximum increase in retained Mn-54 due to soil application of P at 100 ppm was declined as the rate of Mn increased where it was 20, 10 and 5% for 0.125, 0.25 and 0.50% Mn, respectively.

Generally, it can be noticed that retained Mn-54 in the sprayed leaves was highly related or was proportional to total absorption of it. In this regard retained Mn-54 represented more than 80% of its total absorption.

Table (2): Retained Mn-54 in the treated leaves of mango (cpm/treated leaf) in relation to rates of  Mn  
               foliar;  P soil  application  and  their combinations during 2004  season.

	                     Labelled Mn foliar applied                 

                                                    solution (%)
P soil application (ppm)
	Retained Mn-54 (cpm/whole plant)

	
	0.125
	0.25
	0.5
	Mean **

	0
	28035 g
	46135 d
	66600 b
	46923 C

	25
	30020 f
	47350 d
	67940 b
	48437 B

	50
	32850 e
	49600 c
	69700 a
	50717 A

	100
	33565 e
	50900 c
	70100 a
	51522 A

	Mean*
	31118 C
	48496 B
	68585 A
	 


*,** refer to specific effect of labelled Mn foliar spray concentration and P soil applied rates, respectively. Capital and small letter/s were used for distinguishing between values of specific and interaction effects, respectively, whereas means followed by the same letter/s were not significant at 5 % level.
3- Translocation of Mn-54 in mango plants:

From the given data in Tables (3 & 4) it can be noticed that translocation of the absorbed Mn-54 within mango seedlings in both upward and downward directions, i.e. (leaves and stems above treated leaves) and ( leaves, stem and roots below treated leaves ), respectively was positively responded to Mn rate in spraying solution and soil application of P. For upward translocation, leaves contained Mn-54 about two times as much as that of stems, but the rates of response due to increasing rates of Mn or P was more pronounced with Mn-54 is stems rather than in leaves. Similar trends were also observed with downward translocation of Mn-54 but with different magnitude. In this concern, stems contained highest activity of Mn-54 followed by leaves and then by roots. The corresponding ratio was about 1.2 : 1.0 :0.6 for stems, leaves and roots, respectively.

Moreover, translocation of foliar absorbed Mn-54 either as upward or as downward followed, to great extent, the same trends of total absorption as influenced by Mn or P rates. However, upward translocation of absorbed Mn-54 was higher than downward direction. In this regard, upward translocation ranged from 10.78 to 11.77% and downward one ranged from 7.63 to 8.12% of the total absorption of Mn-54. It means that mobility of foliar absorbed Mn-54 averaged about 20% of its total absorption. This could be explained on the ground that, the young leaves and the growing points “more active metabolically” are in a great demand to nutrients, whereas the old leaves, almost, supply the young leaves with the nutrients that already absorbed.

Table (3): Upward translocation of Mn-54 in mango plants, leaves (A) and stems (B)  (cpm/plant) in  

              relation to rates of Mn foliar; P soil application and their combinations during 2004 season.

	                    Labelled Mn foliar applied                  

                                                   solution (%)
P soil application (ppm)
	Upward translocation (cpm/plant)

	
	0.125
	0.25
	0.5
	Mean **

	A- Leaves

	0
	2729 j
	4136 g
	6275 d
	4380 D

	25
	2903 i
	4272 g
	6429 c
	4534 C

	50
	2927 i
	4419 ef
	6612 b
	4652 B

	100
	3076 h
	4526 e
	6833 a
	4812 A

	Mean*
	2909 C
	4338 B
	6537 A
	 

	B- Stems

	0
	1240 g
	2041 e
	3037 c
	2106 C

	25
	1345 fg
	2090 e
	3133b c
	2189 C

	50
	1449 f
	2168 de
	3248 b
	2288 B

	100
	1503 f
	2265 d
	3460 a
	2409 A

	Mean*
	1384 C
	2141 B
	3220 A
	 


*,** refer to specific effect of labelled Mn foliar spray concentration and P soil applied rates, respectively. Capital and small letter/s were used for distinguishing between values of specific and interaction effects, respectively, whereas means followed by the same letter/s were not significant at 5 % level.

Table (4): Downward translocation of Mn-54 in mango plants, leaves (A), stems (B) and  roots (C) 
     (cpm/plant) in relation to rates of Mn foliar; P soil application and their combinations during 
       2004 season.

	           Labelled Mn foliar applied                  

                                                   solution (%)
P soil application (ppm)
	Upward translocation (cpm/plant)

	
	0.125
	0.25
	0.5
	Mean **

	A- Leaves

	0
	2729 j
	4136 g
	6275 d
	4380 D

	25
	2903 i
	4272 g
	6429 c
	4534 C

	50
	2927 i
	4419 ef
	6612 b
	4652 B

	100
	3076 h
	4526 e
	6833 a
	4812 A

	Mean*
	2909 C
	4338 B
	6537 A
	 

	B- Stems

	0
	1211c
	1973b
	2710a
	1964B

	25
	1240c
	2090b
	2816a
	2048AB

	50
	1315c
	2153b
	2950a
	2139A

	100
	1384c
	2231b
	2962a
	2192A

	Mean*
	1287C
	2111B
	2859A
	 

	                            C- Roots

	0
	590 g
	877 ef
	1182 bc
	883 C

	25
	660 g
	950 de
	1259 ab
	956 BC

	50
	700 g
	1023 c-e
	1326 ab
	1016 AB

	100
	744 fg
	1067 cd
	1443 a
	1084 A

	Mean*
	674 C
	979 B
	1302 A
	 


*,** refer to specific effect of labelled Mn foliar spray concentration and P soil applied rates, respectively. Capital and small letter/s were used for distinguishing between values of specific and interaction effects, respectively, whereas means followed by the same letter/s were not significant at 5 % level.

4- Utilization percent of Mn-54: 

Although foliar absorption of Mn-54 by mango leaves was greatly and significantly increased by raising Mn rate in spraying solution, utilization percent of it was gradually declined as shown from data in Table (5). Average utilization of Mn-54 at 0.0 P was 13.92, 11.35 and 8.22% for Mn rate at 0.125, 0.25 and 0.5% , respectively. This trend was also observed with the different rates of P, but with gradual increase in utilization % of Mn-54 as the rate of P raised. Moreover, the beneficial effect of P on utilization percent of Mn-54 was more pronounced with low rate of Mn (0.125%) and this effect was declined as Mn rate increased.

Generally, it can be concluded that mango leaves could absorb Mn-54 in appreciable activity and about 20% of it was upward and downward translocated. Approximately 60% of mobile Mn-54 was upward translocated  and the rest of it (40%) was downward translocated. Moreover, utilization of Mn-54 by mango leaves ranged from 8-14% according to Mn rate. It means that spraying with MnSO4 is considered a good source for supplying mango seedlings with this element.

Table (5): Percentage use of Mn-54 by mango plants in relation to rates of  Mn foliar; P soil  application 
                 and their combinations during 2004 season.

	               Labelled Mn foliar applied solution (%) 
P soil application (ppm)
	Percentage use of Mn-54

	
	0.125
	0.25
	0.5
	Mean **

	0
	13.92c
	11.35f
	8.22g
	11.16C

	25
	14.89b
	11.68ef
	8.41g
	11.66B

	50
	16.15a
	12.22de
	8.64g
	12.34A

	100
	16.59a
	12.56d
	8.74g
	12.63A

	Mean*
	15.39A
	11.95B
	8.50C
	 


*,** refer to specific effect of labelled Mn foliar spray concentration and P soil applied rates, respectively. Capital and small letter/s were used for distinguishing between values of specific and interaction effects, respectively, whereas means followed by the same letter/s were not significant at 5 % level.

Generally, not only can foliar application of Mn supply or correct Mn deficiency in mango plants within a few days but it is also successful method for maximizing the efficiency of application and minimizing the accumulation of elements as pollutants in the soil.

The same trends were also obtained by Mohamed and Sharaf (1994), Mohamed et al., (1995) using Zn-65 and Mn-54 on Balady orange; Mohamed et al., (2000) using Fe-59 on grape and Mohamed et al., (2001) using Zn-65 on mango. They concluded that foliar application of Mn or Zn sulphates to Balady orange or mango seedlings markedly increased total absorption of the corresponding element. Retained and translocated element were highly related to total absorption of it. However, percentage use of Zn and Mn was declined by increasing application rate of each element.
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امتصاص وانتقال واستفادة شتلات المانجو من المنجنيز المرقم (Mn-54) المضاف للأوراق مع إضافة الفوسفور للتربة
محمد عبد الوهاب خميس*و خالد على بكرى*و فريد احمد محمد**وصفاء كمال النجار**

* قسم البساتين– كلية الزراعة – جامعة بنها 

**   قسم البحوث النباتية – هيئة الطاقة الذرية- مصر

الملخص العربي

   اشتملت هذه التجربة على 3 تركيزات منجنيز ( 0.125 ، 0.25 ، 0.50% ) تم رشها على شتلات المانجو و4 تركيزات فوسفور ( صفر ، 25 ، 50 ، 100 جزء / مليون) أضيفت للتربة . وقد جهزت محاليل المنجنيز الثلاثة ثم ضبط الرقم الهيدروجيني (PH) إلى 6 ، إضافة التوين–20 بتركيز 0.5% كمادة ناشرة ، بعد ذلك رقمت هذه المحاليل بإضافة المنجنيز المشع بدرجة نشاط إشعاعي متناسب مع تركيز المنجنيز العادي بالمحاليل ( نشاط نوعي ثابت ) وأضيفت المحاليل المرقمة على السطح العلوي للورقة الوسطي للنبات بحجم ودرجة نشاط إشعاعي معلوم. ومن هذه الدراسة وجد أن الامتصاص الكلي من المنجنيز المرقم بالمنجنيز المشع (Mn-54) بأوراق المانجو ازداد زيادة معنوية ومطردة بزيادة تركيزه في المحاليل المضافة عن طريق الأوراق من 0.125 ، 0.25 إلي 0.5 % منجنيز. المنجنيز المشع Mn-54 المتبقي في الأوراق المعاملة اظهر ارتباطا عاليا مع المنجنيز الكلي الممتص ومتمشياً معه حيث أن المنجنيز المتبقي يمثل حوالي 81% من الامتصاص الكلي ، وقد إزداد زيادة معنوية بزيادة تركيز المنجنيز في المحاليل المضافة عن طريق الأوراق. إضافة الفوسفور إلى التربة قد تسبب في زيادة معنوية لكل من الامتصاص الكلي والمتبقي في الأوراق المعاملة من المنجنيز المرقم مع زيادة قيمهما تدريجيا بزيادة تركيز الفوسفور المضاف . انتقال المنجنيز المشع Mn-54 الممتص عن طريق الأوراق (لأعلى ولأسفل) استجاب إيجابياً لمعدل إضافة المنجنيز المرقم Mn-54 على الأوراق وكذلك معدل إضافة الفوسفور للتربة ، أيضاً كان انتقال المنجنيز Mn-54 متناسبا مع الممتص منه. أظهرت النتائج أيضاً أن معدل انتقال المنجنيز Mn-54 لأعلى كان يفوق معدل إنتقاله لأسفل حيث تراوحت نسبة الأول ما بين 10.78 – 11.77% ونسبة الثاني ما بين 7.63 – 8.12% من الامتصاص الكلي . 
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