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DTOT JKCIEPUMEHT ObUI TMPOBEACH ISl U3YyYCHUS BIHMSHUS HEKOPHEBON MMOJKOPMKH MHUKPO-
Hytpuentamu (6oproii kucnoroit (H3BO3) u cynbdarom rmuka (ZnSO4)) Ha kavecTBO mionoB Maunro (Man-
gifera indica var. Langra). MakcuManbHOe 3HAYEHHE OOIIEr0 COAEPXKAHHS PACTBOPUMBIX TBEPIBIX BEIIECTB
(18.50%) nadmonanock B Bapuante (T4) 1% H3BO3 + 1.2% ZnS0O4, 18.25% — B Bapuante (T1) 0.8% H3BO3 u
Bapuanrte (T6) 1.2% ZnSO4 (17.57%). MakcumansHoe koiaudectBo ButamuHa C (54.3 mr/100r) 66110 OTMEUSHO
B Bapuante (T4) no cpaBHeHuto ¢ xoHTpoieM (94.7 mr/100r). MakcumanabHOE KOJIMYECTBO OOLIMX CaxapoB
(51.08%) obL10 0OHApYxeHO B (T5) 1% ZnSO4 mo cpaBHenuto ¢ koHTposieM (45.0%). [lpuHrMas BO BHUMaHUE,
4TO KOJHMYECTBO PEIAYIUPYIOIIMX CaxapoB OBUIO HE3HAUHTENHHOE, CAMOE BBICOKOE U3 HHX OBLJIO B BapHaHTE
(T1) — 19.30%.

KaroueBble ciioBa: MaHro; Manrudepa uHauicKas; Langra; kadecTBo IUIOAO0B; (PHU3UKO-XHUMHUUECKHMA
aHaJIU3; MUKPO-HYTPHEHTBHI.

VYJIK 634.441:581.47

EFFECT OF FOLIAR APPLICATION OF MICRONUTRIENTS (Zn & B) ON
VEGETATIVE AND REPRODUCTIVE GROWTH OF MANGO (Mangifera indica L.)
VARIETY LANGRA
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An experiment was conducted at Post Graduate Research Station (PARS), University of Agriculture
Faisalabad, Pakistan to investigate the effect of micronutrients i.e. (B & Zn.) on vegetative and reproductive
growth of mango (Mangifera indica L.) variety Langra. The maximum flushes (686) were emerged in the plants
treated with treatment (T;) 0.8% H;BO; as compared to control (572). Whereas the maximum panicles (433)
were emerged in the plants treated with (T4) 1% H3BO3; & 1.2% ZnSO4 as compared to control (305) and T,
(362) respectively. The analysis showed that maximum yield/plant (52.60 kg) was recorded in the treatment T, as
compared to control (40-57 kg).

Key words: mango; Mangifera indica L.; Langra; vegetative and reproductive growth; micro-
nutrients; B; Zn.
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Introduction

Mango (Mangifera indica L.) is an important tropical fruit which is being grown in
more than 100 countries of the world (Sauco, 1997). Delicious taste & unique flavor with
high nutritive value has made it equally popular across the globe and its demand and trade is
expanding rapidly in other parts of the world especially in Europe and America. It is believed
to be originated in the Indo-Burma region and has evolved as a canopy layer species in the
tropical rainforest of South and South East Asia (Kaur et al., 1980). It is estimated that mango
cultivation appeared to have begun six thousand years ago. (Hill, 1952)

The rapid Growth of mango production in recent years has been due to its expansion
in New World, China & parts of Africa and the adoption of modern field practices, which in-
clude irrigation management and control of flowering etc. (Mukherjee & Litz, 2009). Mango
has become popular in the world and is praised due to its delicious taste, attractive flavor, diu-
retic and therapeutic values. It is a good source of vitamin A and ascorbic acid (Meadows,
1998). At present it is being cultivated in about 87 countries in the world but nowhere it
achieve the same position as in the subcontinent of Indo-Pakistan that’s why in Asian region
it is considered as king of the fruits (Purseglove, 1972). Mango is the important fruit crop of
Asia and currently ranked 5" in the world as regards of its total production among major fruit
crops after bananas, citrus, grapes and apples. Pakistan is considered the world’s 5t largest
producer of mango after India, China, Thailand & Mexico with peak production occurring
from June to August. (Anonymous, 2005). Langra is one of the commercial & principal culti-
vars of the Pakistan while others are Chaunsa, Dusehri, and Anwar Rataul etc. (Chadha & Pal,
1993). Nutritional status of the mango tree is considered as a key factor affecting vegetative
growth, flowering, bearing of fruits & even malformation. As nutritional imbalance has also
been recognized as a cause of malformation and irregular bearing (Jagirdar & Jafri, 1996;
Sen, 1943). Deficiency of boron in mango results in poor flowering, pollination and reduced
fruit set. Similarly leaves fail to reach full size in Zinc deficiency conditions (Bally, 2009).
Zinc is essential for the synthesis of proteins, hormones, auxins and is required for the
maintenance of bio membranes. (Salisbury & Ross, 1992; Marschner, 1995). Most of soils in
the World where mango is being cultivated as commercial crop are in depreciation of these
micronutrients and the question is that by which method these micronutrients should be ap-
plied and what should be the right time for this operation. Further, what are the effects of
these micronutrients on the growth & physiology of mango tree?

The present research was hence aimed to determine the effect of foliar application of
micronutrients i.e. Boric acid (B) & Zinc Sulphate (Zn) on vegetative, reproductive and mal-
formation physiology of mango.

Materials and methods

The study was conducted at Post Graduate Research Station (PARS), University of
Agriculture, Faisalabad during 2006-2008. Fifteen to twenty year’s old mango plants (Man-
gifera indica L.) cv. Langra were selected as experimental material. Foliar spray of Boric acid
& Zinc Sulphate micronutrients alone and their combinations were applied. Each treatment
was applied twice in a year (before fruit maturity and before the panicle emergence).

Experiment was laid out using RCBD with four replications. Data were analyzed sta-
tistically by using the Fishers analysis of variance and treatments were compared by using the
Least Significant Difference (LSD) test at 5% probability level (Steel and Torrie 1984). There
were seven treatments making total number of experimental units twenty eight.
Treatments Micro-nutrients & dose
To Control
T, 0.8% Boric acid (H3BO3)
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T» 1% Baric acid (H3BO3)

T3 0.8% Boric acid (H3BO3) + 1% ZnSO,
T, 1% Boric acid (H3BO3) + 1.2% ZnSO,
Ts 1% ZnSO,

Te 1.2% ZnSO,

Data was collected on following parameters:

1. Vegetative growth pattern

Total number of flushes/plant, Length of Flushes (cm) & Vegetative malformation
percentage.

2. Reproductive growth pattern

Panicles/Plants, Flowers/Plant, Male Flower %, Hermaphrodite Flower %, Initial Fruit
Set %, Initial Fruit Drop %, Final Fruit Drop %, Yield per Panicle (Kg) & Yield/Plant (Kg).

Results and discussion

The project was aimed to understand the pattern of vegetative & reproductive growth
behavior of mango; cultivar, Langra and thus to proceed against the threatening drawbacks
like poor fruit setting, fruit drop and low yield of mango by applying micronutrients (Zinc
Sulphate and Boric acid) through foliar spray.

Samples of 4-6 months old healthy leaves of mango were collected and analyzed for their nu-
trients as shown in Table 1.

According to Chadha et al. (1984) optimum range of NPK in mango leaves was 0.95-
1.45%, 0.040-0.117% and 0.45-0.77% respectively. The present analysis indicated that NPK
before treatment application was within range and according to Singh et al. (1991) optimum
range of Ca & Mg was 2.22-2.47%. 0.20-0.33% respectively in mango leaves. The present
analysis indicated that Ca and Mg before treatment were within this range.

Analysis was again carried out after the application of treatment to determine the sta-
tus of nutrients in the leaves s (Table 2 and Table 3).

1. Vegetative parameters

Total flushes. Data regarding the total flushes indicated maximum number of flushes
(686) per plant in the treatment T, (0.8% Hs BO3), which was significantly different from all
other treatments, at 5% level of significance. It was followed by T3 (622) that were statistical-
ly similar to T, (Table 4). Best treatments which helped to improve the total number of flush-
es per plant were Ty and T3 as already discussed above. Next best treatment was Tg in which
598 flushes were counted. T and T4 showed intermediate results in which 572 and 546 flush-
es were counted (Table 4). Minimum flushes were observed in case of Ts (503) indicating that
increased level of ZnSO, decreased the total no. of flushes per plant. It was due to that the
function of Zinc Sulphate that it was not related to vegetative growth. Tiwari and Rajput
(1976) reported that foliar sprays of boric acid (0.6%) as aqueous solution improved the vege-
tative growth and fruit weight in mango.

Length of flushes (cm). The results regarding the length of flushes are non-significant
among the treatments at 5% level of significance (Table 4). Maximum length of flushes was
found in Ty (14.60cm) followed by Ty (14.53cm) and T4 (14.37cm). Minimum length of
flushes was observed in T, (13.06cm), trees sprayed with 1% boric acid. The results revealed
that more length of flushes gained could be due to high photosynthetic reserves increasing the
length of flushes potential in mango trees (Singh, 1978).

Number of leaves/flush. The results regarding number of leaves/flush are non-
significant (Table 4). Maximum leaves per flush were found in T, (12.72) followed by T, T,
Ts and Tg having 12.38, 12.35, 12.30 and 12.21 leaves respectively. Minimum leaves per
flush were found in control (11.30). It was also supported by Banik et al., (1977).
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Vegetative malformation. When all the panicles were emerged the counting for vege-
tative malformed panicles was conducted. Data pertaining to the number of vegetative mal-
formed panicles showed non- significant results among the treatments at 5% level of signifi-
cance (Table 4). Minimum vegetative malformed panicles were observed in T3 (11.88%) fol-
lowed by T, (12.50%).

It was observed that the treatment T3 at 0.8% boric acid + 1% Zinc Sulphate was much
effective for controlling the malformation. Maximum malformation was observed in Ty
(13.75). As we increased the concentration of Zinc Sulphate, the incidence of malformation
was also decreased as it was in T3. The results of this parameter were contrary to the findings
of Khan and Khan (1958) who reported that the foliar spray of nitrogen significantly reduced
malformation. Results also correlated with the earlier findings of Singh and Rajput (1977).

2. Reproductive parameters

Panicles/plant. Data regarding the total no. of panicles per plant revealed that maxi-
mum number of panicles recorded in T4 (433.0) which was significantly higher than control
(305.5) followed by Ts (413.12) and T2 (372.2) (Table 5) T and T, showed intermediate re-
sults in which (366.2) and (362.0) panicles were observed. Minimum number of panicles rec-
orded in T3 (301.5). Combined applications of Boric acid and Zinc Sulphate i.e. 1% + 1.2%
significantly increased no. of panicles per plant. It is also supported by Qin. (1996).

Flowers/plant. Maximum number of flowers/plant were found in T, (1348.0) fol-
lowed by control (1318.0) and T; (1302.0) (Table 5). There was no statistical difference be-
tween the treatments because treatment means showed non-significant results. Minimum
number of flowers/plant was found in T3 (1227.0). The results revealed that more number of
flowers per plant was obtained with the application of Boric acid (1%). Regarding the number
of flowers per panicles results confirmed the findings of Banik et al., (1997) who concluded
that application of B at higher rate (0.4% + 1% urea) promoted reproduction.

Male flowers. The minimum percentage of male flowers was observed in Tg (81.03%)
followed by control Tg (80.79%) and T, (79.66%) (Table 5). Treatments which helped to re-
duce the male flower percentage were T3 and T;. The maximum percentage of male flowers
was observed in T3 (75.570) at 0.8% H3BO3; + 1% ZnSO4. It was concluded that with the ap-
plication of boron and zinc male flower % was controlled but not much effectively.

Hermaphrodite flowers. The maximum percentage of hermaphrodite flowers was
observed in T3 (24.43%) followed by T; (24.21%) and Ts (22.24%) (Table 5). T1, Ts and T4
were statistically similar and showed that male flower % age was not effectively improved by
these treatments. The minimum percentage of male flower was observed in T¢ (18.97) at 1.2%
ZnSQO,) that was less than control (Table 5).

It was concluded that treatment of boric acid at 0.8% alone and in combination with
zinc sulphate at 1% improved the percentage of hermaphrodite flowers. Results are also com-
parable with the earlier findings of Bahadur et al., (1998). Who showed that application of
ZnSO4 at 1% increased the number of flowers per panicle.

Initial fruit set. Data regarding the initial fruit set percentage showed that maximum
initial fruit was set in Tg (16.00%) sprayed with 1.2% Zinc Sulphate followed by T, (14.80%)
sprayed with 1% H3BO3 (Table. 5) Treatments Ts, T4, T1 and T3 having 13.45, 13.31, 13.16
and 12.87% initial fruit set respectively were statistically similar. The minimum initial fruit
set percentage was recorded in control (12.38%). The best treatment was T6 which signifi-
cantly improved initial fruit set percentage. The results are according to the findings of Rajput
and Tiwari (1975) and Singh and Rajput (1977).

Initial fruit drop. A healthy mango tree produces more than one thousand panicles
and each panicle has 1000-3000 flowers, which comprise 21.1 to 90.6% hermaphrodite flow-
ers. (Anjum et al., 1999). Maximum fruit drop percentage was found in TO (99.89%) followed
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by T1 (86.81%). Minimum fruit drop percentage was recorded in T3 (82.23%) followed by
T6 (84.00%). The best treatment was T3 that significantly reduced the initial fruit drop.

It was observed that the fruit drop pattern in this experiment was not in accordance to
the treatments. Results were supported by Abd EI-Migeed et al., (2002) who reported that Bo-
ron as a micro nutrient played an important role in growth behavior and productivity of trees.
It increases pollen grains germination and pollen tube elongation, consequently fruit set per-
centage and finally the yield (reference).

Final fruit drop. Data observed on final fruit drop showed highly significant results
for final fruit drop minimum (table 5) final fruit drop percentage was found in T3 & Tg
(99.82%) and these treatments are statistically best to reduce fruit drop percentage. Next best
treatment T2 in which 99.85% fruit drop was observed T3 and Ts showed intermediate results
in which 99.2% and 99.83% fruit drop was observed. Maximum fruit drop (99.95%) was rec-
orded in T, that was even higher than control having 99.89% fruit drop. It indicated that in-
creased levels of boric acid and Zinc Sulphate caused the more fruit drop when applied in
combination. But boric acid and Zinc Sulphate at increased levels of concentrations signifi-
cantly decreased final fruit drop percentage that was the next best treatments. And also in T6
(99.82%) it was observed that the fruit drop pattern in this experiment was within the accord-
ance to the treatment.

Yield per panicle (kg). Maximum fruit yield per panicle was recorded in T, (2.80 kg)
at 1% H3;BO3 + 1.2% ZnSO, followed by T, (2.60kg) (Table 5). There was no statistically
significant difference between the treatments that showed that an increase in the concentration
and their combination are not very effective because all have increased in yield per panicle,
statistically as it is very clear from the Table No. 5. Minimum fruit yield per panicle was rec-
orded in T (0.536) which was also less than to. Result are in accordance to the earlier work of
Bahadur et al., (1998) that with the increasing foliar spray of ZnSO, will increase the yield of
mango fruit.

Yield / plant (kg). Maximum fruit yield per plant was found in T4 (52.60kg) followed
by T3 (47.52kg). Minimum vyield per plant was found in control (40.57%). There was no sta-
tistically significant difference between the treatments T, and T, indicating that an increase of
boric acid was not effective for enhancing per plant mango yield. On the other hand treatment
combinations of Boric acid and Zinc Sulphate showed the best results for improvement of the
yield. Results are in accordance with the earlier work of Bahadur et al., (1998) that with in-
creasing foliar spray of ZnSQO, increased the yield of mango fruit.

Table 1
Leaf analysis for macro and micronutrients before treatment
Nutrients N P K Ca Mg Zn Cu Mn Fe
%) | (%) | (%) | (%) (%) (mg/kg) | (mg/kg) | (mg/kg) | (mgrkg)
Concentrations | 1.37 | 0.04 | 052 | 241 0.27 22.02 34.77 67.24 186.80
Table 2

Macronutrients, status of healthy leaves after treatment

Treatments Nitrogen % Phosphorus % Potassium % Calcium % Magnesium %
To 1.28c 0.069dc 0.59h 2.20c 0.35bed
T, 2.36b 0.075d 0.77b 2.38hc 0.38hc
T, 1.92bc 0.056e 0.69h 2.54h 0.53a
T, 2.60ab 0.070de 0.81a 2.21c 0.39%hc
T, 3.18a 0.074c 0.82a 3.29 0.30cd
Ts 2.55ab 0.081h 0.69h 2.32a 0.42b
Ts 2.25b 0.083a 0.61b 3.15a 0.27d
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Table 3
Micronutrient concentrations (mg kg™) in healthy leaves (after treatment)
Treatments Zinc Copper Iron Manganese Boron
To 26.02d 38.27¢ 191.75b 68.00a 40.20dc
Ty 22.28b 39.80de 197.00a 70.9a 46.98d
T, 34.98bc 38.00e 180.00e 68.2b 56.43c
Ts 35.58b 40.95cd 183.25d 84.8b 65.20ab
T, 38.60a 43.73b 191.0b 80.1b 58.87ab
Ts 32.19¢c 42.23bc 186.50c 68.5b 69.98a
T 33.48bc 47.92a 192.00b 62.4b 65.43ab
Table 4
Vegetative growth parameters of the mango variety, Langra
Treatments Total Flushes Length of Flushes Leaves/Flush Vegetative
(cm) Malformation %
To 572 bed 1453 a 11.32a 1357 a
T, 686 a 14.60 a 11.33a 13.12a
T, 533 cd 13.06 a 12.38 a 1250 a
Ts 622 ab 13.85a 12.35a 11.88 a
T, 546 bcd 14.37 a 12.72a 13.12a
Ts 503 d 13.21a 12.30 a 13.75a
Te 598 hc 1414 a 12.21a 13.12a
Table 5
Reproductive Parameters of the mango variety, Langra
Treat- " - : -
ments Panicles/ | Flowers/| Male '}'ﬁggﬁé Initial Fruit IE:EﬁI ';'rz?tl YF:Z:SCF;S \lelr?t/
Plant Plant |Flowers% | P Set %
Flowers % Drop & | Drop % (kg) (kg)
To 305.5¢ [1318.0a| 80.79a 19.214d 19.21d 12.38¢c | 99.89b | 0.56a | 40.57Db
T: 362.0 bc|1302.0a| 75.79¢c 24.21 ab 24.21ab | 13.16bc | 99.88b | 1.79a | 43.94b
T, 372.2ab|1348.0a| 79.66ab | 20.33cd 20.33cd | 14.80ab | 99.85c | 2.23a | 43.20b
Ts 301.5¢c |1227.0a| 75.57c 24.43a 24.43a 12.87bc | 99.82d | 2.33a |17.52ab
Ty 433.0a |1268.0a| 78.44b 21.56¢ 21.56¢ 13.31bc | 99.95a | 2.80a | 52.60a
Ts 413.0ab [1258.0a| 77.79b 22.24b 22.24bc | 13.45bc [99.83cd | 2.59a |46.01lab
Te 366.2 bc |1279.0a| 81.03a 77.79b 18.79d 16.00a | 99.82d | 2.53a | 45.23b
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DKcneprMeHT ObUT NMPOBEJIEH Ha MOCTAUILIOMHOI nccnenosatenbckoi cranimu (PARS) B YHuBepcu-
TeTe cenbekoro xo3saicrea Qericanadan ([lakucran) st M3ydeHHs BIUSHUS MUKPOHYTPHEHTOB, a UMEHHO B &
Zn Ha BEreTaTUBHO-PEMPOAYKTHBHBIN pocT pasHoBuaHOCcTH Manro (Mangifera indica L.) Langra. Makcumanb-
uete flushes (686) Bo3uukanu y pacrenuii, o6paboranusix Bapuantom (T1) 0,8% H3BO3 no cpaBHEHHIO C KOH-
TpoeM (572). B To Bpems kak MakCUMalibHBIE MeTelKH (433) BO3HMKAIM Ha pacTeHHsX, o0paboTanHbx (T4)
1% H3BO3 u 1,2% ZnSO4 no cpaBrenuto ¢ koHTponeM (305) u T1 (362), cooTBeTCTBEHHO. AHANM3 ITOKA3aI,
YTO MAaKCHMANbHBIA BBIX0H / pactenue (52,60 Kr) perucTpupoBaiock B BapuanTe T1 1o cpaBHEHHIO ¢ KOHTpO-
nem (40-57 kr).

KaroueBbie ciaoBa: manro; Mangifera indica L.; Langra; BereTatuBHbIM W PENpPOAYKTHBHBIA POCT;
MHUKpPO3JIeMeHTsI; B; Zn.

COBPEMEHHBIE HAITPABJIEHUSA, METO/IbI U PE3YJIbTATBI CEJIEK-
OUH IVIOJOBBIX, AI'OAHBIX, CYBTPOIIMYECKHUX IIVIOJOBbIX U
OPEXOIIVIOAHBIX KYJIBTYP

YK 634.14:631.521
CO3JJAHUE COPTOB AHMBBI JIJISI MPOMBIINIJIEHHOT'O CAJIOBOJICTBA
BanenTuna Jleonoposna backakosa

OI'BYH «Opnena Tpynosoro KpacHoro 3namenn Hukurckuii 6otanndeckuii caa —
Harmmonanbseiii Hayunsii nentp PAH»
c. Hogsiit can, Cumdepononsckuii p-H, PecriyOnnka KpsiM, Poccust
valentina.gnbs@rambler.ru

[IpuBeaeHs! pe3yabTaThl MHOTOJIETHETO M3YYEHHS HOBBIX COPTOB aiBbl cenekiuu Hukutckoro 60TaHu-
YEeCKOT0 cajia. BeieneHsl copTa, MepCIeKTUBHBIE 1JIs1 UCTIOIB30BaHuUs B IPOMBIIIJICHHOM caJ0BoAcTBe KpbimMa u
tora Poccun: launas, 3naxunaka, Mpusi, HoBopuunas, Oxtsa0puna, Ocennuit CyBenup, Cnankas, Cka3zouHasl.
Jana ux xapaktepuctuka. OHH COOTBETCTBYIOT COBPEMEHHBIM TPEOOBAHUAM, MPEIBIBISIEMBIM K COPTAM UHTCH-
CHUBHOTO THIA

Knruesvie cnosa: aiisa; cenexyus; 2ubpud; Hosvle COpma, YCMOUYUBOCHb, VPOICAUHOCMb, UHMEH-
cusHoe cado800CmEo.

Beenenue

AliBa — IleHHas IUIO/IOBasl KyJbTypa, KOTopas, Oyiarogapsi 1OCTaTOYHO BBICOKON
YCTOMYMBOCTH K aOMOTHYECKHM CTpEccopaM, MOKET ycremHo Bo3zzenbiBaThesi B Kpbimy. C
pPa3BUTHEM KOHCEPBHOW IIPOMBIIUICHHOCTH B IATHAECATHIE TOABI MPOIUIOrO CTOJETHS B
CrenHom otaenennn Hukutckoro 00TaHMuYecKoro cajaa Oblla HayaTta paboTa Mo MHTPOIYK-
1Y, COPTOU3YYCHUIO U CEJIEKLUU anBbl. [IolydeHHBIE pe3ynbTaThl IOKA3aIU IHUPOKUE BO3-
MO>XHOCTH | I€JIECO00Pa3HOCTh BO3/ICTBIBAHUS dTOM KYJIbTYphI B cTemHOM 30He Kpbima, pac-
M0JIAraroIlel JOCTaTOUYHBIMU 3€MEJIbHBIMU pecypcaMu [2].

B HacTosmee BpeMs aiiBe, K COXKAJICHUIO, HE YIEISAETCS JOJDKHOIO BHUMAHUA U MIPO-
MBIIUICHHBIX HACAXICHUN IIPAKTUYECKH HE CYIIECTBYET. B NMPOM3BOACTBE COKOB, HEKTAPOB,



