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and curvature index (R) of the second and the fourth
hands of the first ratoon crop of bananas
(Orchard 1993-95) 74

9: Number of days from planting to shooting (sh.) and from
shooting to harvesting (Har.) of the plant crop and the
first ratoon crop of bananas as influenced by foliar
applications of different foliar fertilizer materials
(Orchard 1993-95) 85

10: Effect of foliar applications of different foliar
fertilizer materials on manganese (Mn), iron (Fe), zinc
(Zn) and copper (Cu) contents of leaves of both contents
of leaves of both plant crop and the first ratoon crop of
bananas sampled at shooting time (Orchard 1993-95) 94

11: Effect of foliar applications of different foliar
fertilizer materials on yield and yield components of the
plant crop of bananas (Orchard 1993-95) 97

12: Effect of foliar applications of different foliar
fertilizer materials on yield and yield components of
the first ratoon crop of bananas (Orchard 1993-95) 98

ii



Table

13: Impact of foliar applications of various foliar fertilizer
materials on finger lengths (Li, Lo) and curvature index (R)
off iihe•'aeoevjci awa taw f©M*?iih'h«neiw tif p;i«ni wijm' fi* b«non««

g
off iihe•'aeoevjci awa taw M p m
(Orchard 3 993-95 ) 'I 00

14: Influence of foliar applications of various foliar
fertilizer materials on finger lengths (L , Ij ) and curvature
index (R) of the second and the fourth hands of the
first ratoon crop of bananas (Orchard 1993-95) 102

15: Effect of foliar applications of different fertilizer
materials containing different combinations of NPK on total
fresh and dry weights and those of different plant parts of
banana suckers (Nursery May-October, 1994) 108

16: ' Effect of foliar applications of different fertilizer
materials containing various combinations of NPK on relative
growth rate (RGR) and leaf area of banana suckers
(Nursery May-October, 1994) 110

17: Influence of foliar applications of different fertilizer
materials containing different combinations" of NPK on
manganese (Mn), iron (Fe), zinc (Zn) and copper (Cu)
contents of leaves of banana suckers
(Nursery May-October, 1994) 118

18: Effect of foliar applications of different concentrations
; of N^PigKc fertilizer material on total fresh and dry

weights those of different plant parts of banana suckers
(Nursery February-July, 1995) 125

19: Relative growth rate (RGR) and leaf area (LA) of banana
suckers under nursery conditions in relation to foliar
applications of various concentrations of NjdPĵ Cjg
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Five separate experiments were conducted at University of

Khartoum Demonstration Farm during 1993 to 1995 under both

orchard and nursery conditions to evaluate the effect of

foliar application of different fertilizer materials, use of

crop residue and intercropping on banana plants (Dwarf

Cavendish) .

In the first experiment, the effects of foliar

application of different concentrations of potassium solution

(38%) on growth characteristics, number of days from planting

to flowering and from flowering to harvesting, nutrient status

of leaves, yield and yield components and finger length of

both plant crop and the first ratoon crop of bananas were

studied. The plants were sprayed five times at monthly

intervals throughout the experimental period. The results

indicated that application of all concentrations resulted in

greater increases in overall growth parameters, higher leaf-N,

P, K, Ca, Mg, Mn, Fe, Zn and Cu contents, higher values of

yield and yield components and finger length of both plant

crop and the first ratoon crop over the control. The highest

values of these parameters were associated with the lowest

concentration (30 ml/L).

Similarly, application of ail concentrations tended to

reduce the time from planting to flowering and from flowering

to harvesting of both plant crop and the first crop compared

to the contro.1.
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In the second experiment, the effects of three different

foliar fertilizer materials, namely; Compound Cryst, Fetrilon

Comb-2 and X-Garden on growth parameters, number of days from

planting to flowering and from flowering to harvesting,

nutrient status of leaves, yield and yield components and

fruit length of banana plants grown under orchard conditions

were investigated. These fertilizer materials were applied

five times at monthly intervals during the experimental

period. The results revealed that all foliar fertilizer

materials gave greater values of all grdwth parameters, higher

leaf-N, P, K, Ca, Mg, Mn, Fe, Zn and Cu contents yield and

yield components and finger lengths of both plant crop and the

first ratoon crop than the control. The data also revealed

that all fertilizer materials reduced the time from planting

to flowering and from flowering to harvesting of both plant

crop and the first ratoon crop compared to the control. The

best results of all these parameters were noted with Compound

Cryst followed by Fetrilon Comb-2 and then X-Garden.

In the third experiment, the effect of four different

fertilizer materials containing different combinations of NPK

(N,9 P19 K,9 ; Nj2 P12 K]5 ; N[5 P; K^ and N,, P5 K20 ) on growth

parameters and nutrient elements contents of leaves of banana

suckers grown under nursery conditions was evaluated. The

suckers were sprayed five times at monthly intervals.
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The results revealed that all fertilizer materials gave

greater increases of plant height, pseudostem diameter, number

of leaves, leaf area, relative growth rate and fresh and dry

weights over the control. The highest values of all these

parameters were associated with N^ P,5 K^ and Nij Pg It̂

treatments. Application of all fertilizer materials also

resulted in higher leaf-N, P, K, Ca, Mg, Mn, ?e, Zn and Cu

contents of leaves than the control.

In the fourth experiment, the effect of different

concentrations of MQ P<Q K^ fertilizer-material (0, 20, 40 andMQ P<Q

80 gm/L) on growth characteristics and nutrient elements

contents of leaves of banana suckers grown under nursery

conditions was studied. The treatments were applied five times

at monthly intervals. The results revealed that foliar

application of all concentrations gave greater increases in

plant height, pseudostem diameter, number of leaves, leaf

area, relative growth rate and fresh and dry weights compared

to the control. The highest values of ail these parameters

were recorded with either 20 or 40 gm/L treatment. Similarly,

application of all concentrations resulted in higher leaf-N,

P, K, Ca, Mg, Mn, Zn and Cu content over the control.

In the fifth experiment, the effect of intercropping and

application of crop residue on growth parameters and nutrient

elements contents of leaves of banana suckers grown under

nursery conditions was investigated. Lubia (Lablab purpuraaus)

xii



and alfalfa {Medicago sativa) seedlings were used as

intercrops and their powder was used as crop residue. The

results from this work showed that application of both iubia

and alfalfa powder as crop residue resulted in greater values

of overall growth parameters compared to the other treatments.

On the other hand, growing of lubia and alfalfa seedlings

around the banana suckers depressed all the above-mentioned

parameters. The least values were recorded with lubia

intercrops. Application of both lubia and alfalfa powder as

crop residue and growing of their seedlings around the banana

suckers gave higher leaf-N, K, Ca, Mg, Mn, Zn and Cu contents

compared to the control. The lowest values of ieaf-P and Fe

contents were recorded with lubia intercrop.
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CHAPTER ONE



ONE

INTRODUCTIO3ST

Banana (Musa spp) is one of the most important fruit in

world trade. It is a tropical crop, grown in home gardens for

home consumption or the local market and also in very big

plantations for export.

Banana is the most important and profitable crop in both

the economy as a whole and the individual farm in Sudan,

Somalia and other banana producing countries throughout the

world.

Generally,, the new trend is now towards having stable

cultivation in which the banana's nutrient balance sheet is

optimumly maintained by mineral fertilization. It has been

proved that fertilization can increase the yield and quality

of fruits by positively influencing factors which contribute

to yield. Thus, fertilization becomes a regular feature of

commercial banana production every where (76). Simmonds (71)

described the necessity of NPK applications to tropical soils

under cultivation due to heavy loss of organic matter.

Fertilization is necessary primarily as a nutrient

substrate, supplementation of the natural supply of the

nutrients and replacement of the nutrients removed by

harvesting and other losses. Therefore, efficient and

balanced use of fertilizers and manures, which are essential



for obtaining maximum potential yield and for the success of

farming based on modern technology should be developed. The

optimum dosage for each crop grown on controlled-irrigated

areas and in different regions must be determined through

research efforts.

Foliar application of mineral nutrients by means of

sprays offers a method of supplying nutrients to plants more

rapidly than methods involving soil application. It is widely

applied as a new technique when some deficiencies of nutrient

elements are observed on plants. On the other hand, foliar

fertilizers can do satisfactorily if they are sprayed at

optimal time, growth stage, in correct application rate, and

with precise distribution.

Intercropping practice is used to utilize the space left

between the rows of the main crop to increase the produce per

unit area; however, the crops grown in association have

competitive effects rather than complementary.

The objectives of the present study were:-

1. To study the effect of foliar applications of different

concentrations of K-solution on growth characteristics,

nutrient elements contents of leaves, yield and yield

components, fruit quality and number of days from

planting to shooting and from shooting to harvesting of

both plant crop and the first ratoon crop of bananas

grown under orchard conditions;



2. To determine the effect of different foliar fertilizer

materials on the above-mentioned parameters of the same

crop;

3. To investigate the influence of Foliar fertilizer

materials containing different combinations of NPK on

growth parameters and nutrient elements contents of

leaves and fresh and dry weights of banana suckers grown

under nursery conditions; and,

4. To evaluate the impact of intercropping and crop residue

on growth characteristics, nutrient.elements contents of

leaves and fresh and dry weights of banana suckers grown

under nursery conditions.



CHAPTER TWO

LITERATURE Ri



TWO

LITERATURE REVIEW

2.1 Banana nutrition:

Fawcett (23), working with gross analysis of whole plant,

indicated the first results of fertilizer experiments with

bananas. His recommendations were based on the results of

chemical analysis of several banana varieties. At that time,

he recognized the potential superiority of ammonium sulphate

over organic manures. Similar work was done by Baillon et al.

(6) in Canary Islands. They observed that all parts of the

banana plant contained high K-content. They estimated that

approximately 772 grams of KoO, 166 grams of N and 35 grams of

P2O5 were removed from the soil by the mature plant and fruits,

thus, they concluded that, fertilizers in the Canary Islands

should be high in N and K,0.

Volk (79) analyzed banana soils from a number of Central

and South American countries and suggested that phosphorus

fertilization would never become a major fertility problem

since satisfactory growth occurred in areas having only 0 .1 to

0.2 ppm of available P̂ Oj in the soil. In trials with the

'Gros Michel1 in Jamaica, Croucher and Mitchel (15) also

observed that the response to nitrogen applied as ammonium

sulphate was significant at various locations. Growth

responses to potassium and phosphorus applied in conjuction



with nitrogen were also obtained in certain areas. Closely

related results were reported by Nayar (54) working on wet,

heavy clays using mineral fertilizers in conjuctions with

organic manures. Ke noted that the best results with regard

to growth and yield parameters were associated with nitrogen

and organic fertilizers and non to potassium or phosphorus.

Similar experiment was carried out by Bhan and Majundan (8)

using different sources of organic manure at different

locations. Their results confirmed the Nayer's observation

that nitrogen hastened .maturity and increased fruit quality

and yield and no responses were recorded for potassium or

phosphorus. However, Osborne and Hewitt (57) obtained

spectacular responses to potassium. Working on the role and

frequency of application of the various nutrients, they found

that the yield of treated plants was higher over the control

as reflected by bunch weight and finger length. The treated

plants were also taller when compared to the control.

In 4-year trials on the effect of NPK doses to the growth

and production of Basrai banana, Shaikh et al. (69) reported

that the optimum rates of NPK with regard to plant growth and

yield were 786:393:786 kg/ha nitrogen, phosphorus and

potassium, respectively. Working with the same cultivar,

Dagade (16) also presented his recommendation in fertilizer

rates for bananas as 100c N, 40g Pp^ and lOOg K-O/plant. In

another study on the effect of increasing doses of potassium



fertilizer on Kill bananas, the maximum leaf area, height and

pseudostem girth were recorded at 400gm K/plant, where as the

greatest bunch weight was obtained at 300gm K/plant and fruit

yield was 65% higher than in the control as reported by

Mustafa (52).

In Brazil, Gomes et al. (33) examined utilization of

organic matter in bananas. In 6-year experiments, they used

FYM or several other organic manures in conjuction with

ammonium sulphate, single superphosphate and potassium

chloride. The highest average bunch-weight was obtained from

plots receiving FYM+NPK

In field trials, Das and Mohan (18) studied the effect of

micronutrients on bananas. They supplied various quantities

and combinations of different micronutrients to banana plants,

3 and 4 months after planting. All treatments increased plant

height and pseudostem girth compared to control.

Micronutrient treatments also had some significant effects on

leaf area and the number of functional leaves.

2.2 Effect of different concentrations of potassium:

The exact role of potassium in plant nutrition continues

to elude research workers for many decades. It seems to serve

some metabolic functions in the growth and cell division of

young tissues. It appears to be necessary for carbohydrate,

protein and oil synthesis in plants. Its extreme mobility



within the plant is responsible largely for the failure to

associate it with specific functions as reported by Smith

(72).

The importance of potassium to the nutrition of banana is

evident by the high concentrations found in all plant tissues.

Thus, it is not surprising that in soils low in available

potassium, response to chTemical fertilizers containing

potassium would be found, (27).

The response of plants to application of potassium varies

widely, depending upon the soils in. -which the plants are

grown, the form of fertilizer and the method of application.

However, some literature review about the effect of various

levels of potassium on different plant species is summarized

here.

2.2.1 Growth characteristics:

In a study dealing with the effect of increasing doses of

potassium on growth parameters of bananas, Mustafa (52)

applied 0-400gm K/plant. As a result, he observed that the

maximum leaf area, plant height and pseudostem diameter were

associated with the highest K-rates (400gm K/plant). Gadar

(28) studied the influence of various levels of potassium on

growth characteristics of rice grown in pots. He reported

that application of 30 kg K<,O/ha gave a significant response.

Working with roses, John et al. (40) applied potassium



chloride in 2-split doses per year and nitrogen was applied as

sodium nitrate. A significant increase in vegetative growth

was reported as K level increased.

The effect of different rates of potassium on glass house

tomatoes was evaluated by Borkowisk and Szwonek (12) where

300, 600, 900 and 1200 gm K,O/L were mixed with peat. The

highest response was obtained at lower K rate applied.

Sandhya and Sharma (68) also applied different rates of

potassium (0.2, 0.4, 0.8, 2 and 4 mM K) to cauliflower. A

significant response was noted when plants were applied with

4 mM K and plants grown below this rate showed stunted growth.

2.2.2 Nutrient status of leaves:

Michael et al. (50) studied the effect of potassium

sprays on adult pecan trees. Results from four separate

experiments in which various rates and timings of either K2 SO,

or KNOj were tried indicated that foliar K-applications using

these compounds were not effective and leaf K concentration

did not respond to the treatments. Similar investigations

were carried out by Gonzalez et al. (34) to determine the

influence of different levels of potassium on leaf-K content

in Valencia orange. They reported that leaf concentrations of

N, ? and K were un-affected by the rates of potassium. In

contrast, Houng et al. (36) compared leaf-K concentrations in

laminas and midribs of the youngest, fully expanded leaf and



the fifth leaf of bananas, grown with four annual rates of

potassium application (0, 498, 747 and 996 kg/ha) in a K-

• deficient soil. They pointed out that there were significant

relationship between tissue potassium concentrations and

fertilizer application rates.

2.2.3 Yield and yield components:

Working with Hill bananas, Mustafa (52) observed greater

bunch weight and fruit yield of 65% higher than the control as

a result of potassium application at.300 gm K/plant. Gonzalez

et al. (34) studied the effect of potassium on yield and fruit

quality of Valencia 'late' orange. They applied potassium at

0, 60, 120, 180 and 240 kg/ha of K̂ O in split doses. The

highest average yield was associated with 60 kg/ha-I^O.

Another experiment was conducted by Ahlawal and Yamdogni (3)

to investigate the effect of potassium sprays on quality of 8-

year-old guava trees. They sprayed the trees with 1% solution

of potassium sulphate, 7 days after fruit-set and 6 more times

at weekly intervals. Their results revealed that fruit

quality was improved significantly by the treatment. In 3-

season trials with mature date palm trees, Abdalla et al. (1)

applied potassium in a form of K^SOj at an annual rate of 500

or 1000 gm ^SOj/palm in 2 or 3 equal doses. An increase in

yield was obtained when 500 gin/palm was used.



Michael et al. (50) evaluated the impact of foliar

application of potassium on adult pecan trees in four separate

experiments using various rates and timings of either I^SOj or

KNO> . They found that foliar K-appiications using either K; SOa

or KNOj were not effective and nut size, kernel percentage and

yield in most cases did not respond to the treatment.

The response of sugarcane to potassium fertilizer was

investigated by Chowdhury and Rahman (14) in Bangladesh. They

noticed that additions of potassium up to 70 kg K/ha increased

cane yield and was the most economical for that area. In

Rhode Island, Stene (73), working with red raspberries

obtained a 35% reduction in yield when potassium was omitted

from NPK fertilizer.

2.3 Effect of different foliar fertilizer materials:

Many investigations on the effect of foliar applications

of different foliar fertilizer materials on growth

characteristics, nutrient status cf leaves and yield and yield

components of many plant species were tried.

2.3.1 Growth characteristics:

Mahmoud et al. (46) conducted an experiment to determine

the influence of foliar fertilization on growth of croton

plants using fulifertil at 0, 2 and 4 gm/L. Their results

indicated increased plant heights, number of leaves, leaf area



and fresh and dry weights of vegetative growth. Spraying

plants with 4 gm/L gave the best response. Bilgen et al. (11)

also investigated the uptake of nutrients of different foliar

fertilizers namely, Wuxal-3 and 5, Bayfolan, Heksal and Urea

by the leaves of two Turkish pistachio cultivars using 630

trees. A significant increase in annual growth of twigs was

reported due to Eayfolan and Wuxal types. ' This observation

was supported by many recent investigations.

Dawoud (19) examined the response of 'Foster' grapefruit

grown under nursery conditions to different foliar fertilizer

materials namely, Bayfolan (11-8-5), Wuxal (10-10-7), Wuxal

(7-14-7) and Nitrofoska (10-2-6). He noticed that all foliar

fertilizer materials gave greater increases in plant height

compared to the control. The best response was associated

with Bayfolan (11-8-6) followed by Wuxal (10-10-7) and then

Nitrofoska (10-2-6). He also noted that all these fertilizers

produced greater fresh and dry weights, but there were no

significant differences among them. Working with banana

suckers, El-amin (22) sprayed various concentrations of

Bayfolan (11-8-6). He presented significant increases in

plant height, pseudostem girth and number of leaves of both

plant crop and the first ratoon crop due to increased

applications. At the same time, El-amin (22) studied the

influence of foliar application of four different foliar

fertilizers namely, Bayfolan (11-8-6), Nitrofoska (10-2-6),



Wuxal (10-10-7) and Foliar-X (10-7-8) on growth parameters of

banana suckers grown under nursery conditions. All fertilizer

materials showed greater increases in plant height, pseudostem

diameter, number of leaves, relative growth rate and fresh and

dry weights than the control. Best results were associated

with Foliar-x.

On the other hand, Prasad and Singh (59) reported

increases in shoot length and diameter, number and size of

acid lime trees leaves as a result of foliar application of

lOOOg N/tree. Working on apricot plant, §ud and Bhutani (75)

studied the effect of both soil and foliar applications of

urea on growth characteristics of this plant. They noticed an

increase in vegetative growth associated with increased

nitrogen applied to both soil and leaves. Similarly, Ghosh et

al. (31) evaluated the relative efficiency of soil and soil

plus foliar applications of nitrogen on growth parameters of

banana CV, Giant Governor. Satisfactory growth was reported

when plants were applied 120g N/plant, 50% by foliar and 50%

by soil applications.

Neilsen and Hague (55) also investigated the influence of

foliar application of chelated and mineral zinc " sulphate

(ZnSOp on growth of Zn-deficient apple seedlings grown in the

greenhouse. They noted that responses were equal in chelated

or mineral zinc foliar sprays of the same concentrations.
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They pointed out that foliar sprays with a concentration

greater than 2.5x10^g Zn/ml were required to correct Zn

deficiency and adequately support growth cf severely deficient

seedlings.

2.3.2 Nutrient status of leaves:

Bilgen et al. (11) reported significant increase in leaf-

N content of two Turkish pistachio cultivars as a result of

application of different foliar fertilizer materials

especially urea, and Wuxai-3 and 5, Rayfolan and Wuxalj

increased leaf-P content. Both Wuxal types increased the

leaf-K content. The leaf-Fe content was also higher in

treated trees than control.

Mahmoud et al. (46) determined the effect of foliar

fertilization on the chemical composition of croton plant

leaves using fulifertil at levels 0, 2 and 4 gm/L. Increases

in leaf NPK contents were noted and the best result was

associated with 4 gm/L level. Dawoud (19) evaluated the

efficiency of a number of foliar fertilizers on grapefruit

trees. His results concurred to those suggested before by

Bilgen et al. (11). He reported that all foliar fertilizers

increased leaf-N, Ca, Zn, Fe and Cu contents over untreated

trees. More or less, similar observations were noted by other

investigators working with different plant species. Hussein

(38) working with guava seedlings showed significant increase
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in leaf-N, X, Ca, Mn and Fe contents over the control due to

foliar applications of different fertilizers. Shawgi (70)

working with lime and guava seedlings presented a significant

increase in leaf mineral contents except P and K as a result

of applied foliar fertilizers.

Xropp and Ben (42) worked on Cox's orange pippin apples

to test the impact cf foliar application of urea on chemical

contents of leaves. Urea was applied at 0.75% 3 times at 10-

days intervals or 6 times at 5-day intervals. The treatments

increased leaf-N content by 35-50.8%, 'with 6 applications gave

the best results in each case. Similar investigation was

carried out by Sud and Bhutani (75) on apricot plants using

urea. They noted significant increase in nitrogen content as

a result of applied N to both soil and foliar applications.

Menzel et al. (49) studied also the effect of foliar-applied

nitrogen during winter on nitrogen content of passion-fruit.

They showed that foliar application of urea increased leaf-N

content.

Yadav et al. (82) examined the efficiency of foliar

application of phosphorus in sugarcane using 13.1 or 26.2

kg/ha of diammonium phosphate. A significant increase in

nitrogen and phosphorus in sugarcane leaves was observed and

the best result was associated with higher rate.

Studying the effect of foliar application of

micronutrients on leaf compositions of sweet orange, Mann at
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al. (47) reported increased concentrations of respective

nutrients in the leaves. Application of Zn along with other

micronutrients was less effective in increasing leaf-Zn

content than was the application of Zn alone. They also noted

that, application of micronutrients did not affect the level

of NPK in the leaves. Similarly, Nanaya et al, (53), working

with 3-year-cld mandrin trees, sprayed sulphates of Zn, Mn and

Mg at 0.5% and copper sulphate at 0.25%. A significant

increase in leaf-Zn content was observed as a result of

applied zinc alone or incombination.. . Magnesium had a

beneficial effect on increasing leaf-Zn content. In a trial

with bananas showing symptoms of slight Zn-deficiency,

Reynolds (65) applied ZnSQj at 150 grn/mat. He recorded an

increase in leaf-Zn content in the 3rd leaf lamina from 22.0

to 25.5 ppm. Hanson (35) working with several cultivars of

apples also reported increased boron content in leaves due to

foliar application of boron at 500 rag/L.

2.3.3 Yield and yield components:

In a 3-year-field experiment, Demoranville and Deubert

(20) evaluated the effect cf commercial foliar fertilizers

containing calcium and boron or manganese and zinc on fruit

set of cranberries. They reported an increase in yield for

areas treated with Ca-B treatment.
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On the other hand, Abo-Elsaod et al. (2) examined the

response of tomato plants to foliar application of ALAR and

boron at different levels in various combinations or

separately. Their results indicated that, the sprays

containing boron stimulated productivity as reflected by

significant increase in yield of fruits and fruit weight.

Prasad and Singh {59} conducted 2 year trials with 10-

year-old acid lime trees to investigate the response of foliar

application of nitrogen. They observed that, foliar

application of 1000 gm N/tree resulted in the greatest

increase in yield. More or less, similar response was

reported by Gavind and Prasad (29) working with 7-year-old

sweet orange trees, N was applied at 400, 800 or 1200 gm/tree

in split doses as 1% urea. Foliar application of N at the

highest rate gave the best results with respect to fruit-set.

Leyden (43) studied the effect of foliar application on

5-year-old 'Star Ruby' grapefruit trees. The trees were

fertilized for 6 seasons with nitrogen and phosphorus in

addition to Zn and Mn as foliar sprays. Trees receiving 2 or

4 1b N/tree were the most productive and those receiving Mn

sprays yielded more than trees receiving no micronutrients.

Patel et al . (58) determined the effect of foliar application

of urea on maturity, yield and quality of bananas, cultivar

Basrai. The treatments were applied at 1, 2, 3 or 4% in

various intervals. Both fruit maturity and yield were
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improved by the treatments and 4% urea was the best.

Likewise, Ghosh et al. (31), working with bananas,

applied different levels of N to the foliage and soil in

various combinations. Yield response was high in plants

received a total of 120 gm N/piant 50% by foliar and 50% by

soil application.

El-amin (22) studied the influence of foliar application

of various concentrations of Bayfolan on yield and fruit

quality of bananas. He noted that all concentrations resulted

in greater weights of bunch, stalk, hand, number of

hands/bunch, fingers/hand and potential yield of both plant

crop and the first ratoon crop compared to the control. With

respect to all these measured yield parameters, 90 inl/L was

the best and increasing the concentration from 90 ml/L tended

to reduce these parameters. Working with bananas, Bakhiet (7)

evaluated the effect of different foliar fertilizer materials

on yield, and yield components of both plant crop and the

first ratoon crop. As a result, he reported greater values in

yield, yield components and finger lengths in relation to all

foliar fertilizers compared to the control. Foliar-x gave the

greatest values over the other treatments.



2.4 Influence of various rates of NPK:

Nitrogen, phosphorus and potassium are necessary macro-

nutrients for plants. Nitrogen is a constituent of many

compounds in plants including amino acids, and there are four

N atoms in each chlorophyll molecule as reported by Hugh (37).

Phosphorus is also a constituent of many compounds in plants

and its involvement in metabolism was-covered in details by

McElroy at al. (48). As a constituent of nucleoproteins,

phosphorus involved in that unique portion of protoplasm

concerned with cell-division and the -transfer of hereditary

characteristics by the chromosomes.

Although most plants require relatively large amount of

potassium (37), no one has isolated a K-containing compound

from plants .

2.4.1 Growth characteristics:

Francis et al. (26) tested the effect of various levels

of NPK on growth of taxus media, cultivar Haunt field. They

used 3 rates of NPK in 27 combinations. The treatments

significantly affected the total dry weight and a mixture of

224 ppra N, 75 ppm P and 35 ppm K produced maximum growth.

In pot experiment, with 'Golden Delicious' apple trees,

Georgiev {30} applied N at the range of 0-300 mg/kg soil and

P and K at 0-180 mg/kg soil. Best results with regard to

plant growth were found at 130 nig/kg N, 180 mg/kg P and 60

mg/kg K.



In 2-year trials, Ranvir et al. (61) worked on lemon to

investigate the effect of varying doses of NPK on plant

growth. They applied nitrogen at 125-500 g/tree, P? Q; at 0-500

g/tree and Y.^0 at 0-500 g/tree annually in different

combinations. Among these combinations, N and Kp at 500 and

250 g/tree, respectively gave the best results.

In Egypt, Maatouk et al. (45) also tested the impact of

NPK fertilization on vegetative growth of Egyptian Balady lime

trees {Citrus aurantifolia). Nitrogen was given at 500, 750

or 1500 gm/tree, K2O at 250, 500 or 750 gm/tree and P, Ĉ  at

200, 300 or 400 gm/tree in various combinations. They found

that increasing N and K levels increased leaf area. In

contrast, Kanwar et al. (41) examined the effect of different

rates of NPK on growth characteristics of 'Doshehari' mango.

As a result, they noticed that the tree growth was not

significantly affected by the differences in fertilizer

treatments and the lowest rate was sufficient for good tree

growth.

Studies on the effect of different doses of NPK on the

growth of Basrai banana was carried out by Shaikh et al. (69).

Plants were applied with N:PjO5:K,O at 450-900:225-450:450-900

kg/ha. They shewed that the optimum NPK rate with respect to

plant growth was 786:393:786 kg/ha. Similar observation was

noted by Dagade (16) who studied the effect of graded levels

of NPK fertilization on arowtn of Basrai banana. On the basis
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of his study, he recommended NPK rate for this cultivar with

regard to plant growth as 100 g N, 40 g P£>5 and 100 KwO/plant.

Working with the cultivar 'Giant Governor1, Chattopadhyay and

Bose (13) also applied different rates of NPK in various

combinations or separately at 0, 120 and 240 gm N/plant, 0, 45

and 90 gm P/plant and 0, 240 and 480 gm K/plant. Application

of these nutrients, significantly increased plant height,

pseudostem girth and leaf number over the control. The

highest response was associated with the highest rates.

2.4.2 Nutrients status of leaves:

Working with 14-year-old lime trees, Maatouk et al. (45)

applied NPK fertilizers in various combinations. They

revealed that increasing the nitrogen levels, increased leaf-N

content and decreased P and K contents. Leaf-K was increased

by increased K-levels. Increasing P-level decreased leaf-N

and K contents and increased all other parameters studied.

Another experiment was conducted by Goepfert et al. (32) to

determine the response of Valencia orange to fertilizer levels

of NPK. The trees received N and K.0 each at 0, 100, 200 and

300 kg/ha, and P2Q; at 0, 100 and 200 kg/ha. Application of

nitrogen increased leaf-N content but decreased leaf-K

content. Potassium application decreased leaf-Ca and Mg

contents and increased leaf-K content. Phosphorus application

increased yield parameters rather than the nutrient element
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composition of leaves. Similarly, Reese and Koo (63) reported

increases in leaf-N and K contents in relation to increased

doses of NPK fertili2er applied to 'Temple' orange trees.

Ray et al. (62) examined the nutrient concentration in

leaf tissue with different nutritional levels of NPK in

'Robusta' banana. They noted that increased doses of applied

NPK were reflected in increased contents of these elements in

the leaves.

Wagh and Mahajan (80) conducted an experiment to find out

the impact of NPK fertilization on the leai nutrient status of

'Sardar1 guava. On 5-year-old trees, NPK ratios were applied

at 0-900:0-300:0-300 grr./tree N:?'Ct:K-O, respectively. Leaf
it J i.

analysis showed that leaf-N increased with nitrogen rates,

whereas leaf-P, K, Ca and Mg contents increased significantly

with increasing nitrogen rates up to 600 gm/tree and then

declined. Leaf-P increased with applied phosphorus. There

were no significant increases in leaf-K content, but a

significant increase in leaf-P and a slight increase in leaf-

N, Ca and Mg contents due to K application.

2.4.3 Yield and yield components:

Working with banana, cultivar 'Giant Governor1,

Chattopadhyay and Bose (13) applied different levels of NPK in

•various combinations or separately. Maximum fruit yield in

plant crop and the first ratoon crop was obtained with the

21



highest NPK rates. Similarly, Ram and Prasad (60) conducted

an experiment to determine the nutritional requirement of

banana, using three rates of N (100, 200 and 300 gm), PjO5 (40,

80 and 120 gm) and K2O (100, 200 and 300 gm per plant). They

observed that the maximum bunch weight and yield were produced

when 300 gm N -f 40 gm P2Q + 100 grc K;O was used.

Goepfert et al. (32) studied the response of Valencia

orange (Citrus sinensis Osb. ) to NPK applications where the

trees were given different rates of these elements in various

combinations. They found that application of nitrogen

increased yield and peel thickness. Phosphorus increased

yield and fruit weight and diameter and reduced peel

thickness, where potassium application increased fruit number,

weight and peel thickness. They pointed out that annual

fertilization with N, P2Q and K20 at 100:200:300 kg/ha,

respectively, gave the highest yield. In Egypt, Ahmed et si.

(4) also investigated the impact of NPK fertilization on yield

and fruit quality of Egyptian Baiady lime trees. In 2-year

trials, the trees were given different levels of NPK in all

possible combinations or separately. They noticed that all

treatments increased the yield, fruit weight, diameter and

length. The best results were obtained with 750 gm N as

ammonium sulphate, 500 gm KjO as potassium sulphate and 200

as calcium superphosphate per plant.
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Ranvir et al. (61) evaluated the effect of different

rates of NPK on yield of lemon {Citrus limon). They applied

N at 125-500 gm/tree, P2°i
 a t °~500 gm per tree and K̂ O at 0-

500 gm/tree annually in different combinations. They reported

that the best response was associated with N and Kp

combination at 500:250 gm/tree.

2.5 Influence of intercropping and crop residue:

2.5.1 Intercropping:

The direct or indirect harmful effact that one plant has

on another was investigated by many research workers. In

addition to competing for light, water and minerals, plants

inhibit seed germination and growth of neighboring plants by

releasing a variety of toxic chemical called allelochems. The

direct or indirect deleterious effect of one plant on another

through the production of allelochems is called allelopathy as

reported by Rice (66). Fisher (24) suggested that intercrop

advantage can only be true if those environmental resources

which limit yield are available in greater quantity to the

mixed crops than to the pure stands. Sahu (67) investigated

the possibility of intercropping Rauvolfia serpentina with

different crops. His results showed that this crop grown

better on pure crop. The average yield of roots attained from

one year was 898 kg/ha and when intercropped with cereals,

legumes or vegetables, the potential yield of this crop was

.reduced to 555 kg/ha.

23



(Medicago sativa) and organic manure on growth, yield and

fruit quality, of banana plants grown under orchard

conditions. Greater increases in all growth parameters over

other treatments were observed with organic manure. Compared

to the other treatments, high ieaf-NPX contents of both plant

crop and the first ratoon crop of banana in relation to

organic manure application were also noted.

2.5.2 Crop reside:

Venkato-Subramanian and Dorairaj (77) .stated that, green

manuring improved aeration and movement of oxygen in the soil

and increased paddy yields. Stickler et al. (74) studied the

comparative value of legume and fertilizer nitrogen for corn

•production. They found that the value of nitrogen from 19-

legume green manures was equivalent to that of 34 and 64

Ib/acre in inorganic nitrogen. The nitrogen in legumes was

16-92% as effective as inorganic nitrogen for increasing

yield. Dhawan and Mahajan (21) noted a significant decrease

in bulk density and an increase in porosity of the soil by

green manuring. Bharati et al. (9) reported a significant

•increase in wheat yield over the control when different

portions of sunnhemp and sesbania were . used for green

manuring.

Walunjkar et al. (81) studied the effect of different

green manuring treatments on the quality and yield of flue-

cured tobacco. The trials consisted of four different green
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manuring treatments in conduction with FYM at the rate of 7.5

ton/ha. The results indicated that burying the green matter

grown in some other plots was superior to green manuring in

situ. The influence of different green manure crops on soil

structure and wheat yield was evaluated by Darra at al. (17).

They reported that the grain yield of wheat per acre was

increased without any fertilizer or extra irrigation than

recommended for the variety after green manuring was done.

Jayabal et al. (39) also investigated the effect of

incorporation of legumes on yield a-r/d quality of sugarcane.

Sugarcane was grown either alone or with intercrops, namely;

sunnhemp, blackgram, cowpeas or green gram which was

incorporated in situ, 45, 60 or 75 days after planting. The

highest cane yield was obtained by using an intercrop of green

gram incorporated 45 days after planting. Incorporation with

cowpeas after 45 days was the next best treatment with cane

yield.
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3.1 Orchard experiment No. 1:

The purpose of this experiment was to investigate the

effect of foliar application of different concentrations of

potassium solution (38%) on growth, nutrient element contents

of leaves, yield and yield components and physical fruit

characteristics of banana plants grown under orchard

conditions.

3.1.1 Plant material:

Young, vigorous, one-month-old, sword suckers of banana

{Musa, AAA Group, Cavendish Subgroup 'Dwarf Cavendish), were

selected from banana plantation at river bank area of Shambat,

near University of Khartoum Farm. Particular attention was

paid to make the selection as uniform as possible in size and

appearance. The suckers were separated carefully from their

parent plants and then transported to the nursery belonging to

the Department of Horticulture located at University of

Khartoum Farm. The suckers were planted in the nursery beds

to ensure their rooting.
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3.1.2 Transplanting:

After 20 days from planting, the suckers were removed

from the nursery to the orchard and allowed to grow for 4

months prior to the initiation of the differential treatments.

3.1.3 Cultural practices prior to the differential treatments:

The experimental site was divided into plots (Hods) 6x6

m2 . Each plot consisted of four planting pits having

dimensions of 30 x 30 x 30 cm. The pits were first half-

filled with loose clay soil, then the--basal portion of each

sucker was inserted in the centre of the pit and covered with

clay soil.

The suckers were planted in June 1993 at spacing of 3 x

3 m. Immediate irrigation was followed after planting

suckers. Pigeon pea (Cajanus cajan L. ) plants were grown

around the experimental area as windbreaks. A weekly

irrigation was exercised and cultivation was done when

required.

3.1.4 The differential treatments:

The differential treatments consisted of four different

concentrations of potassium solution (38%) as follows:-

1. K̂  = 0 ml/L (control)

2. K, = 30 ml/L

3. ^ = 60 ml/L

4. K, = 9 0 ml/L
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The treatments were applied five times to the banana

plants throughout the experimental period at monthly interval.

The first application was applied to the plant crop in October

8, 1993 after four months from planting and the last

application was done in February 12, 1994. The first ratoon

crop received its first application at the second application

of the pla'rit- crop. Therefore, the plant crop received five

applications and the first ratoon crop received four

applications.

The plants were sprayed early in the morning using 4-

gallon hand sprayer. Both upper and lower surfaces of the

leaf blades were thoroughly sprayed until the point of run-off

to ensure complete coverage of the leaf.

3.1.5 Cultural practices following the initiation of the
differental treatments:

3.1.5.1 Irrigation:

During the summer season, weekly ..irrigation was

adopted and every 10-14 days in the winter ti/me. During the

rainy season, irrigation was adjusted according to the amount

of precipitation.

3.1.5.2 Cultivation (weeding):

Cultivation or weeding was done when required using hand

hoeing method. It was done as shallow as possible to minimize

damage to the root systems.
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3.1.5.3 Pruning:

From planting the plant until the first application of

the differential treatments no suckers were allowed to grow

and they were removed as they appeared. After that, one

follower or sucker was allowed to grow which became the first

ratoon crop. Another one more sucker was allowed to grow

after three months from' the emergence of the first ratoon

crop. The aim was to have 3 plants per hole, one fully grown,

one maiden sucker and one small sucker. All excess suckers

were removed as soon as they emerged from the soil by cutting

deeply using fish-tail weeder.

3.1.5.4 Propping and earthing-up:

Propping was done to protect the bearing plants from

falling down and from wind damage. Forked poles were placed

against pseudostem on the side where it was leaning over, in

such a way that this technique would not damage the bunch.

Earthing-up of the exposed corms was done to protect them

against damage.

3.1.6 Growth parameters:

The growth parameters measured were monthly increases in

plant height, pseudostem girth (diameter) and the number of

leaves. These parameters were taken first in October 1993 and

continued for six months at bimonthly interval. Growth
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parameters of the plant crop were taken and recorded at 4, 6

and 8th month from planting and at shooting time. Changes in

growth parameters of the first ratoon crop were taken also at

4, 6 and 8th month from its emergence and at shooting.

3.1.6.1 Plant height:

Plant height was measured and recorded bimonthly from

October 1993 to March 1994. The height measurements were

taken from 5 cm above the ground level up to the point of

intersection of petioles of the two youngest leaves. The

recorded increase in height in each time was the increase

obtained over the previous heights measured. The plant

heights of both plant crop and the first ratoon crop were

measured using tape-meter.

3.1.6.2 Pseudostem girth (diameter):

The increases in pseudostem of both plant crop and the

first ratoon crop were measured at 5 cm above the ground level

using tape-meter. The record for each time was the increase

in pseudostem diameter over the previous measurement.

3.1.6.3 Leaf production:

Prior to the beginning of the differential treatments,

number of contact, green leaves produced by both plant crop

and the first ratoon crop was counted. A permanent mark was
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made on the midrib of the last counted leaf. New leaves

produced after this marked leaf were then counted in every two

months before application.

3.1.7 Number of days from planting to shooting and from
shooting to harvesting:

The number of days from planting of plant crop up to the

date of the emergence of the inflorescence (shooting) and from

shooting up to the harvesting was counted. Likewise, the

number of days from the emergence of the first ratoon crop up

to the appearance of the inflorescence and from shooting up to

its harvesting was also counted.

3.1.8 Yield and yield components:

3.1.8.1 Yield:

The mature bunches were harvested leaving few centimeters

of the stalk above the first (basal) hand for handling. Bunch

weight was used as an index of fruit yield. The potential

yield which is the product of the average bunch weight and the

number of plants per feddan was also calculated.

3.1.8.2 Bunch, stalk, hand and finger weights:

All harvested bunches were weighed using a balance. The

hands of each bunch were removed and weighed separately. The

weight of the bare stalk was also taken. The total weight of

hands was obtained by adding the weights taken from each hand
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or by subtracting the stalk weight from the weight of whole

bunch. The average weight of a single hand was determined by

dividing the weight of all hands per bunch by the number of

hands. For average finger weight determination, the total

weights of all hands were divided by the total number of

fingers per bunch.

3.1.8.3 Number of hands/bunch and fingers/hand:

When hands of each bunch were removed, the total number

of hands per bunch was counted. The total number of well-

developed fingers/hand was counted.

3.1.9 Finger length and curvature index:

Finger length was determined for fingers obtained from

the centre of both outer and inner rows of the second and

fourth hands from the proximal ends of bunches of both plant

crop and the first ratoon crop. Length of the finger was

determined by measuring the convex surface of the finger from

the tip to the pedicel using tapemeter and that of the. concave

surface (shortest distance between the tip and pedicel) was

also measured using a vernier caliper.

The finger curvature index (R) was calculated using this

formula: R = LJL as reported by Arscott et al. (5), where LI =
L2

the length of the convex surface of the finger from the tip to

the pedicel. L2 = the length of the concave surface of the

finger.
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3.1.10 Leaf sampling, sample preparation and analytical
procedure:

At shooting time, the third leaf from the top of the

plant of both plant crop and the first ratoon crop was taken

for leaf sampling. The middle part of the lamina on both

sides of the midrib was used for determining the nutrient

elements contents. Leaf samples were collected from four

plants which constituted the experimental unit and then

combined together to form a mixed sample.

The samples were washed using distilled water, kept in

paper bags and then dried in a forced-air draft oven at 70°C

for 48 hours. After complete drying, the samples were ground

in Willey mill to pass through a 40-mesh screen and stored in

polyethylene bags before chemical analysis.

The dried samples were thoroughly mixed before taking

representative samples for analysis. Total nitrogen was

determined using macro-Kjeldahl method. For phosphorus

determination Evans Electro Selinium Absorption method was

used. Leaf contents of K, Ca, Mg, Mn, Fe, Zn and Cu were

detected using Atomic Absorption Spectrophotometer, Model

Perkin Elmer 2380.

3.1.11 The experimental design:

The experimental design used was a randomized complete

block design, with four plants representing the experimental

unit, replicated three times. Means of the treatments were

separated by Duncan's multiple range test at 5% level.
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3.2 Orchard experiment No. 2:

This experiment was conducted to study the effect of

foliar application of different foliar fertilizer materials on

growth characteristics, nutrient element contents of leaves,

yield and yield components and fruit quality of both plant

crop and the first ratoon crop grown under orchard conditions.

3.2.1 Plant material:

One-month-old sword suckers of banana [Musa (AAA Group),

Cavendish subgroup 'Dwarf Cavendish'] were collected from the

same banana plantation mentioned in the orchard experiment No.

1 for plant material. The selected suckers were uniform in

size and appearance.

3.2.2 Cultural practices prior to application of the
differential treatments:

This experiment was held in the same location as in

Orchard Experiment No. 1. The site was selected and then

prepared for planting. The experimental area was prepared in

the same manner as in Orchard Experiment No. 1. Planting

procedure, cultivation or weeding and irrigation were done as

in Experiment No. 1.

3.2.3 The differential treatments:

The differential treatments used in this experiment

consisted of three foliar fertilizer materials namely;

Compound Cryst, Fetrilon Comb-2 and G-Gardens. The

composition of the fertilizer materials is shown in Table 1.
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Table 1: The conposition of the foliar fertilizer materials

Fertilizer
material

Compound
Cryst

Fatrilon
Coiib-2

2-Garden

N

19

-

Macronutrient f t)
P

19

-

K

19

-

Mg

—

2

S

-

2 . 8

Micronutrient(t)
Zn Fe Mn Cu B Mo

trace trace trace trace trace trace

4.0 4.0 3.0 0.5 1.5 0.05

4.0 4.0 4.0
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Twenty-five gms of each foliar fertilizer material was

dissolved in one litre of water and applied to the

experimental plants.

The time for fertilizer commencement, duration, method of

application, intervals and any cultural practices were similar

to those mentioned in Orchard Experiment No. 1.

3.2.4 Growth parameters:

The growth parameters measured and recorded were the

linear increases in plant height, pseudostem girth (diameter)

and number of leaves produced during the experimental period.

These measurements were taken from both plant crop and the

first ratoon crop.

The parameters taken from this experiment, the time when

these parameters were started, the intervals and the manner in

which these parameters were taken were similar to those

described in Experiment No. 1.

3.2.5 Number of days from planting to shooting and from
shooting to harvesting:

The number of days from planting to shooting and from

shooting to harvesting were counted as stated in Experiment

No. 1.
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3.2.6 Yield and yield components:

Yield and yield components including, bunch weights, hand

weight, finger weight, number of hands per bunch and number of

fingers per bunch were recorded as mentioned in Experiment No.

1.

3.2.7 Finger length and curvature index:

To determine the physical characteristics of the fruit,

finger length was measured. Curvature index was also cal-

culated as pointed out in Experiment No. 1.

3.2.8 Leaf sampling, sample preparation and analytical
procedure:

Leaf sampling, sample preparations and analytical pro-

cedures were also similar to those stated in Experiment No. 1.

3.2.9 Experimental design:

The design selected for this experiment was a randomized

complete block design, replicated four times. The means of

the treatments were separated by Duncan's multiple range test

at 5% level.

3.3 Nursery experiment No. 1:

This experiment was carried out to evaluate the impact of

foliar application of different fertilizer materials having

different combinations of NPK on growth characteristics and
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nutrient elements contents of leaves of banana suckers grown

under nursery conditions.

3.3.1 Plant material:

One-month-old sword suckers of banana [Musa (AAA-Group)

Cavendish, Subgroup 'Dwarf Cavendish1] were collected from

banana plantation'belongs to the Department of Horticulture,

Faculty of Agriculture, University of Khartoum.

The suckers were detached carefully from their parents.

The selected suckers were uniform- in size, shape and

appearance. The suckers were then placed in specially

prepared beds containing sand in the nursery for the aim of

rooting and depletion of the stored-food materials.

3.3.2 Transplanting:

After one month, the suckers were shifted from their

rooting medium and their root systems were washed thoroughly

using tap-water to remove the attached sand particles. The

initial total fresh weight for each sucker was recorded.

Suckers were then planted in 18-inch clay pots containing 22

kgs of river silt and sand mixed at 1:1 ratio. The suckers

were allowed to grow for one month prior to the initiation of

the differential treatments.
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3-3.3 Differential treatments:

The differential treatments used in this experiment were

four different foliar fertilizer materials containing various

combinations of NPK (Table 2). Twenty gms of each fertilizer

material was dissolved in one litre of water and applied to

the experimental suckers.

The suckers were sprayed five times at monthly interval

throughout the experimental period. The first application was

commenced in 30 May and the last application in 30 September

1994. The fertilizers were uniformly sprayed on both sides of

the leaves as very fine droplets until the point of run-off to

ensure complete coverage of the leaf using hand sprayer.

The suckers were watered every 3 days using tap-water.

The suckers were allowed to grow for six months.

3.3.4 Growth parameters:

The growth parameters measured and recorded were linear

increases in plant height, pseudostem girth (diameter), number

of leaves, total fresh and dry weights and those of leaves,

pseudostems, corms and roots.

3.3.4.1 Plant height:

The distance from 2 cm above the base of the pseudostem

to the point of intersection of the petioles of the two

youngest leaves was measured to determine the increases in
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Table 2: The composition of the fertilizer
materials

Treatments (%)
N P K

Control

Compound

Compound

Compound

Compound

[Water]

1

2

3

4

(T2)

(T3)

(T4)

(T5)

(Tl) 00

19

12

15

19

00

19

12

05

06

00

19

36

30

20
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plant height. These measurements were taken three times at

bimonthly interval prior to each application.

3.3.4.2 Pseudostem girth (diameter):

The increase in pseudostem girth was measured every two

months at 2 cm above soil surface.

3.3.4.3 Leaf production:

Number of leaves produced by suckers was counted at the

beginning of the differential treatments and then before

second application at bimonthly interval.

3.3.4.4 Total fresh and dry weights:

At the termination of the experiment, the suckers were

carefully picked-up from the pots, washed-thoroughly and

weighed to get their total fresh weights. Each sucker was

separated into root, pseudostem, corm and leaves. The fresh

and dry weights of all these plant parts were recorded.

3.3.5 Relative growth rate (RGR):

The relative growth rate of the experimental plants were

estimated using the equation of Loneragen et al. (44) as

follows:-

RGR = V ^ ^ x 100
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where W, and W. are the initial and final weights at t, and t7

in days respectively, t- : represents time of experimental

commencement, whereas tj- is the time of experimental

: termination.

3.3.6 Leaf area:

At the termination of each nursery experiment, leaf area

which is the product of length and width times factor (0.8)

was calculated as reported by Murray (51).

3.3.7 Leaf sampling, sample handling and analytical
procedures:

In October 1994 when this experiment was terminated, the

third leaf from the top of each sucker was taken for leaf

sampling. The samples were washed and dried in a forced-air

draft oven at 70°C for 48 hrs. After complete drying, the

samples were ground in a willey mill to pass a 40-mesh screen

and kept in polyethylene bags prior to analytical analysis for

nutrient element contents determination.

The total nitrogen was determined using Macro-Kjeldahl

method. Phosphorus percentage was detected using Evans

Electro Selinium Absorption method. Leaf contents of K, Ca,

Mg, Mn, Fe, Zn and Cu were determined using Atomic Absorption.

Spectrophotometer, Model Perkin Elmer 2380.

43



.2.8 Experimental design:

The suckers were planted in a randomized complete block

Resign with four replications. The treatment means were

Separated by Duncan's multiple range test at 5% level.

4 Nursery experiment No. 2:

This experiment was the continuation of the nursery

BftDeriment No. I. The best result was selected from the

t̂reatments used in the previous experiment. However, the aim

BfleJund this experiment was to determine the effect of foliar

Roolication of various concentrations of N15Pj5K<<, fertilizer

Material on growth parameters and nutrient element composition

Si.'.leaves of banana suckers grown under nursery conditions.

3.4.1 Plant material:

One-month-old, sword suckers used in this experiment were

I'elected from the same plantation as in nursery Experiment No.

The criteria for selecting the suckers, handling and

Cultural practices prior to the initiation of the differential

[treatments were similar to those described in the nursery

Experiment No. 1. The suckers were planted on December, 1994

•ir.. 18-inch clay pots containing 22 kgs of a mixture of river

"silt + sand at a ratio of 1:1 (by volume).
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3.4.2 Differential treatments:

In this experiment, four different rates of Ni9pigKio

foliar fertilizer material were used as follows:-

1. Control (tl)

2. 20 gm/L (t2)

3. 40 gm/L (t3)

4. 80 gm/L (t4)

The suckers were sprayed in early morning using hand

sprayer. Both upper and lower surfaces of the leaf were

sprayed with fine droplets until the point of run-off. The

treatments were applied five times throughout the experimental

period.

the first application was commenced in February 1995 and

the last was applied in June 1995.

3.4.3 Growth parameters:

The increases in plant height, pseudostem girth

(diameter) number of leaves, total fresh and dry weights and

those of all plant parts were taken as mentioned in nursery

Experiment No. 1.

3.4.4 Leaf sampling, sample handling and analytical
procedures:

Leaf sampling, sample preparations and analytical

procedures for determining the nutrient element compositions

of leaves were the same as pointed out in the nursery

Experiment No. 1.
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3.4.5 Experimental design:

The design selected for this experiment was a randomized

complete block design, replicated four time. The means of the

treatments were separated by Duncan's multiple range test at

5% level.

3.5 Nursery experiment No. 3:

This experiment was conducted to test the impact of

intercropping and application of crop reside on vegetative

growth and nutrient element contents, -of leaves of banana

suckers grown under nursery conditions.

3.5.1 Plant material:

One-month-old, sword suckers of bananas were selected

from the previously mentioned banana plantation belonging to

Department of Horticulture, Faculty of Agriculture, University

of Khartoum.

The suckers received similar cultural practices prior to

the differential treatments as described before in Experiment

No. 1. The suckers were planted in December, 1994 in 18-inch

clay pots filled with 22 kg of a mixture containing river silt

and sand at ratio of 1:1 (by volume).
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3.2.5 Differential treatment:

In this experiment, the following treatments were used:-

1. Clean cultivation-control;

2. Lubia {Lablab purpureaous) powder as crop residue;

3. Lubia seedlings as intercrops;

4. Alfalfa {Medicago sativa) powder as crop residue; and

5. Alfalfa seedlings as intercrops.

The powder was added to the growing medium and then

incorporated into the medium at the time of planting of

suckers. Seeds of both Lubia and Alfalfa were scattered

around the suckers after 2 weeks from planting the suckers.

The seedlings were allowed to grow throughout the experimental

period (6 months).

3.5.3 Growth parameters:

All growth parameters including plant height, pseudostem

diameter and number of leaves were taken three times at two-

month-interval.

Initial fresh weights of suckers were recorded at the

time of planting. When this experiment was terminated in July

1995, total fresh and dry weights and those of different plant

parts were also taken as mentioned in Experiment No. 1.

The relative growth rates (RGR) of the experimental

plants were calculated following the previous equation as in

Experiment No. 1.
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3.5.4 Leaf sampling, sample handling and analytical
procedures:

All steps for leaf sampling, sample preparation and

chemical analysis for determining the nutrient status of

leaves were also similar to those described before in the

Experiment No. 1.

3.5.5 Experimental design:

The selected design for this experiment was a randomized

complete block, with four replications. The treatments means

were separated by Duncan's multiple range test at 5% level.
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CHAPTER FOUR



CHAPTER FOUR

R E S U L T S

4.1 Orchard Experiment No. 1:

4.1.1 Growth parameters:

4.1.1.1 Pseudostera height:

4.1.1.1.1 Plant crop:

The linear increases in plant height of plant crop of

bananas as influenced by foliar application of different

concentrations of potassium solution ,(J38%) are presented in

Fig. (1).

No significant differences were noted in plant height

between the differential treatments throughout the

experimental period; however, Kptreatment tended to stimulate

slightly greater increases in plant height compared to the

other treatments.

4.1.1.1.2 The first ratoon crop:

The differential treatments showed no significant

differences in plant height measurements taken after four, six

and eight months from the emergence of the first ratoon crop

(Fig. 2). The data recorded at shooting time revealed that K,

and Ko-treatments resulted in significantly greater increases

in plant height than the control. The differences between

these two treatments and K3 and also between K3 and the control

were not significant.
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FIG (1) LINEAR INCREASES IN PLANT HEIGHT OF THE PLANT CROP
OF BANANAS IN RELATION TO FOLIAR APPLICATION OF DIFFERENT

CONCENTRATIONS OF POTASSIUM SOLUTION (30%)

(ORCHARD 1993 - 95)
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FIG (2) LINEAR INCREASES IN PLANT HEIGHT OF THE FIRST
RATOON CROP OF BANANAS IN RELATION TO FOLIAR APPUCATION OF

DIFFERENT CONCENTRATIONS OF POTASSIUM SOLUTION (30%)

(ORCHARD 1983 - 95)
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4.1.1.2 Pseudostem girth (diameter):

4.1.1.2.1 Plant crop:

The pseudostem girth measurements taken from the plant

crop throughout the experimental period showed no significant

differences between the differential treatments (Fig. 3).

However, Kj-treatment stimulated slightly greater increases

compared to the other treatments.

4.1.1.2.2 The first ratoon crop:

The data taken after four, six and eight months from the

emergence of the first ratoon indicated no significant

differences in pseudostem parameter • measurement between

different treatments (Fig. 4). Increases in pseudostem girth

recorded at shooting time revealed that, K̂  and ^-treatments

associated with significantly greater increases than control

(Kg) . The differences between Kj, Kj and K^-treatments and also

between K̂  and the control were not significant.

4.1.1.3 Leaf production:

4.1.1.3.1 Plant crop:

The differential treatments were not associated with

significant differences in number of leaves counted after four

months from planting (Fig. 5). The data recorded after six

months from planting indicated that K^-treatment resulted in

significantly greater number of leaves compared to the control
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FIG (3) UNEAR INCREASES IN PSEUDOSTEM GIRTH OF PLANT CROP
OF BANANAS IN RELATION TO FOUAR APPUCATION OF DIFFERENT

CONCENTRATIONS OF POTASSIUM SOLUTION (30%)

(ORCHARD 1993 - 95)
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FIG (4) LINEAR INCREASES IN PSEUDOSTEM GIRTH OF THE FIRST
RATOON CROP OF BANANAS IN RELATION TO FOLIAR APPLICATION OF

DIFFERENT CONCENTRATIONS OF POTASSIUM SOLUTION (38%)

(ORCHARD 1993 - 95)
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FIG (5) INCREASES IN NUMBER OF LEAVES OF THE PLANT
CROP OF BANANAS IN RELATION TO FOLIAR APPUCATION OF

DIFFERENT CONCENTRATIONS OF POTASSIUM SOLUTION (38%)
(ORCHARD 1093 - 95)
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i
4

LETTERS ON BARS INDICATE

MEAN SEPERATION BY DUNCAN1

MULTIPLE RANGE TEST

AT 5% LEVEL

6 8 at shooting

TIME FROM PLANTING (MONTHS)

KO Kl K2 K3



(Kj). The differences between Kj , K} a n d K3 a n d also between

Kj, K3 and the control (Kg) were not significant. The data

taken after eight months from planting showed that

significantly greater increases in number of leaves were

associated with ^-treatment than the other treatments, which,

in turn, showed no significant differences between them.

Number of leaves counted at shooting time revealed that

significantly greater numbers were associated with Kj and K2-

treatments over K3 and the control (KQ), which, in turn, showed

no significant differences between them.- -

4.1.1.3.2 The first ratoon crop:

No significant differences in number of leaves counted

after four and six months from emergence of the first ratoon

crop were noted between different treatments (Fig. 6).

No significant differences in number of leaves counted

after eight months from emergence of the first ratoon crop and

at shooting time were noted between all concentrations;

however, these treatments resulted in significantly greater

number of leaves compared to the control (Kc).

4.1.2 Number qf days from planting to shooting and from
shooting to harvesting:

The data presented in Table (3) illustrated the effect of

foliar application of different concentrations of potassium

solution (38%) on number of days required for both plant crop
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FIG (6) INCREASES IN NUMBER OF LEAVES OF THE FIRST RATOON
CROP OF BANANAS IN RELATION TO FOLIAR APPLICATION OF

DIFFERENT CONCENTRATIONS OF POTASSIUM SOLUTION (38%)

(ORCHARD 1993 - 95)
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Table 3: Number of days from planting to shooting (sh.) and from shooting to
harvesting (Har.) of the plant crop and the first ratoon crop of
bananas as affected by foliar applications of various concentrations
of potassium solution (38%)
(Orchard 1993-95}

Treatments Plant crop First ratoon crop
Time (days) Time (days)

Sh. Har. Sh. Har.

z
Kg (control) 392.00a 96.00a 410.00a 106.00a

(30 ml/L) 330.00b 87.00b 390.00b 094.00b

K2 (60 ml/L) 344.00b 88.00b 394.00b 095.00b

K3 (90 ml/L)

m
SE+

396.

015.

019.

00a

50

18

95

11

03

,00a

.30

.09

405

002

002

.00a

.13

.86

104

003

004

.00a

.50

.00

I: Letters in columns indicate mean separation by Duncan's multiple range

test at 5% level.
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and the first ratoon crop of bananas from planting to shooting

(bunch emergence) and from bunch emergence to harvesting.

Plant crop treated with Kj and the control (Kg) took

significantly greater days from planting to shooting

(flowering) and from shooting to harvesting compared to the

other treatments. K<-treated plants took the least days.

Similar trend was noted with the first ratoon crop.

Generally, the control plants took slightly more days from

planting to shooting and from shooting to harvesting.

4.1.3 Nutrient elements contents of leaves:

4.1.3.1 Nitrogen (N) content:

Significantly higher leaf-N content in the plant crop was

noted with plants sprayed with Kj compared to the other

treatments which, in turn, showed no significant differences

between them (Fig. 7). The results revealed that the rate of

increase in leaf-nitrogen content decreased with potassium

concentration.

Foliar applications of all concentrations resulted in

significantly higher leaf-N contents in the first ratoon crop

than the control (Fig. 7). As the concentration of potassium

increased, leaf-N content tended to decrease slightly.

59



FIG (7) EFFECT OF FOLIAR APPUCATION OF DIFFERENT
CONCENTRATIONS OF POTASSIUM SOLUTION (38%) ON NITROGEN
(N) CONTENTS OF LEAVES OF BOTH PLANT CROP AND THE FIRST

RATOON CROP OF BANANAS SAMPLED AT SHOOTING TIME
(ORCHARD 1993 - 95)
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4.1.3.2 Phosphorus (P) content:

The data indicated that significantly higher leaf-P

content was detected in plant crop treated with K2

concentration over the other treatments.(Fig. 8). Plant crop

treated with Kj concentration gave significantly higher leaf-P

content compared to K3 and the control (KQ) which, in turn,

showed no significant difference between them.

Foliar application of K, , and K2 concentrations resulted

in significantly higher leaf-P contents in the first ratoon

crop over K3 and the control (KQ) which; in turn, showed no

significant difference between them (Fig. 8). The highest

leaf-P content was detected in plants treated with K2.

4.1.3.3 Potassium (K) content:

No significant differences were found between the

treatments in leaf-K contents of both plant crop and the first

ratoon crop of bananas; however, the highest values were noted

with K2 and the lowest with the control plants (Fig. 9).

4.1.3.4 Calcium (Ca) content:

The data revealed that foliar application of K, and fy

concentrations resulted in significantly higher leaf-Ca cont-

ents in plant crop over K3 and the control (Ko) which, in turn,

showed no significant difference between them (Fig. 10). The

highest leaf-Ca content was associated with K2 treatment.
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FIG (8) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
CONCENTRATIONS OF POTASSIUM SOLUTION (38%) ON PHOSPHORUS

(P) CONTENTS OF LEAVES OF BOTH PLANT CROP AND THE FIRST
RATOON CROP OF BANANAS SAMPLED AT SHOOTING TIME

(ORCHARD 1993 - 95)
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LETTERS ON BARS INDICATE MEAN SEPERATION BY DUNCAN'S
MULTIPLE RANGE TEST AT 5% LEVEL
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FIG (9) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
CONCENTRATIONS OF POTASSIUM SOLUTION (38%) ON POTASSIUM
(K) CONTENTS OF LEAVES OF BOTH PLANT CROP AM) THE FIRST

RATOON CROP OF BANANAS SAMPLED AT SHOOTING TIME
(ORCHARD 1993 - 95)



FIG (10) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
CONCENTRATIONS OF POTASSIUM SOLUTION (38%) ON CALCIUM

(Ca) CONTENTS OF LEAVES OF BOTH PLANT CROP AND THE FIRST
RATOON CROP OF BANANAS SAMPLED AT SHOOTING TIME

(ORCHARD 1993 - 95)
Ca(%)



No significant differences were observed between the

differential treatments in leaf-Ca contents of the first

ratoon crop (Fig. 10). Slightly higher leaf-Ca contents were

detected in plants treated with R, and K2 compared to the other

treatments.

4.1.3.5 Magnesium (Mg) content:

As shown in Fig. (11), the treatments showed no

significant differences between them in leaf-Mg content of the

plant crop. The highest leaf-Mg content was detected in K2-

treated plants and the lowest with I^-treated plants.

With respect to the first ratoon crop, foliar application

of Kj concentration resulted in significantly higher value of

leaf-Mg content over the other treatments. The control plants

contained significantly lower leaf-Mg contents compared to K2

and ^-treatments, which, in turn, showed no significant

differences between them.

4.1.3.6 Micronutrients:

Table (4) illustrates the effect of foliar application of

different concentrations of potassium solution (38%) on leaf

manganese (Mn), iron (Fe), zinc (Zn) and copper (Cu) contents

of both plant crop and the first ratoon crop of bananas grown

under orchard conditions.
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FIG (11) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
CONCENTRATIONS OF POTASSIUM SOLUTION (38%) ON MAGNESIUM

' (Mg) CONTENTS OF LEAVES OF BOTH PLANT CROP AND THE FIRST
RATOON CROP OF BANANAS SAMPLED AT SHOOTING TIME

(ORCHARD 1993 - 95)



Table 4: Effect foliar applications of different concentrations of potassium
solution (38%) on manganese (Mn), iron (Fe), zinc (Zn) and copper
(Cu) contents of leaves of both plant crop and the first ratoon crop
of bananas samples at shooting time
(Orchard 1993-95)

Treatments Plant crop
ppn-dry weight

Mn Fe Zn Cu

First ratoon crop
ppjo-dry weight
Mn Fe Zn Cu

445.7b 229.0b 28.0b 4.0b 458.5a 174.0a 32.2a 3.0a

467.5a 242.0a 34.6a 5.5a 475.0a 182.0a 33.3a 3.0a

470.5a 260.5a 32.0b 4.0b 476.0a 184.0a 34.8a 3.0a

*3

m
SE±

450.5b

3.24

4.62

256.0a

4.61

3.50

34

7.

0.

.8a

32

77

4.

9 .

0.

5b

62

15

470.5a

3.55

5.41

185.5a

5.12

3.07

33

2.

0 .

.3a

54

29

2.5a

27.04

0.26

Letters in coluans indicate near, separation by Duncan's multiple range

test at 5* level.
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The data revealed that, plant crop treated with either Kj

or K, concentrations contained significantly higher leaf-Mn

content than Kj and the control (Kg) which, in turn, showed no

significant differences between them. The highest leaf-Mn

content was detected in plant crop treated with ^ and the

lowest with the control (Kg).

No significant differences were noted in leaf-iron

contents between the different concentrations, howevre, these

concentrations resulted in significantly higher leaf-iron

contents over the control. The highest -leaf-iron content was

associated with K2 -treatment. Significantly higher leaf-Zn

contents were noticed with Kj and Kj-concentrations compared

to K2 and the control (KQ) which, in turn, showed no

significant differences between them. The lowest leaf-Zn

content was detected in the control plants. The data indicated

that foliar application of ^-concentration resulted in

significantly higher leaf-Cu content over the other treatments

which, in turn, showed no significant differences between

them.

No significant differences were noted in leaf-Mn, Fe, Zn

and Cu contents of the first ratoon crop between the

differential treatments (Table 4). Generally, the highest

values were associated with Kj -treatment and the lowest with

the control (Kg ) .
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4.1.4 Yield and yield components:

4.1.4.1 Plant crop:

The influence of foliar applications of different

concentrations of potassium solution (38%) on yield and yield

components of plant crop of bananas is shown in Table 5.

The data revealed that there were no significant

differences in yield and yield components of the plant crop

between all treatments; however, the lowest values were

associated with the control plants.

4.1.4.2 The first ratoon crop:

The data presented in Table 6 illustrate the effect of

foliar applications of various concentrations of potassium

solution (38%) on yield and yield components of the first

ratoon crop of bananas.

The data revealed similar trend as noticed with the plant

crop.

4.1.5 Finger length (Lj, Î ) and curvature (R):

4.1.5.1 Plant crop:

The influence of foliar application of various

concentrations of potassium solution (38%) on finger length

(Lj, Lj) and curvature (R) of finger samples taken from the

second and the fourth hands of plant crop of bananas is

presented in Table 7.
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Table 5: Yield and yield components of plant crop of bananas in relation to
foliar applications of different concentrations of potassium
solution (38%)
(Orchard 1993-95)

Treatments Average weight of
Bunch Stalk Hand Finger
kg kg kg gm

Average number of Potential
Hands/ Figures Fingers yield
bunch per bunch per hand (ton/fed)

z
5.45a 0.35a 0.88a 084.94a 5.53a 60.42a 10.36a 2.54a

6.94a 0.43a 1.17a 107.93a 5.61a 60.83a 10.84a 3.24a

6.85a 0.43a 1.09a 098.91a 5.83a 64.25a 11.02a 3.20a

*3

CV*

SE±

6.55a

26.0

0.53

0.41a

20.0

0.03

1.04a

21.0

0.07

093.61a

5.13

1.60

5.

9

0

89a

.47

.18

65

19

4.

.44a

.79

03

11.lla

14.22

0.50

3.06a

21.75

0.21

1: Letters in colmnns indicate nean separation by Duncan's multiple range

test at 5* level.
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Table 6: Yield and yield components of the f irst ratoon crop of bananas in relations to foliar
applications of different concentrations of potassium solution (38%)
(Orchard 1993-95)

Treatments Average weight of
Bunch Stalk Hand Finger
kg kg kg gm

Average nimber of Potential
Hands/ Figures Fingers yield
bunch per bunch per hand (ten/fed)

6.33a 0.53a 1.01a 85.74a 6.00a 73.00a 11.85a 2.95a

7.79a 0.54a 1.04a 89.48a 7.00a 92.50a 13.16a 3.64a

K2 7.91a 0.57a 1.16a 93.15a 6.67a 86.22a 12.60a 3.69a

*3

CV*

SE±

6.54a

20.77

0.61

0.53a

21.25

0.04

1.02a

19.18

0.77

87

21

6.

,98a

.50

00

6.44a

14.51

0.30

87

21

5.

.00a

.43

50

13

10

0.

.50a

.34

42

3.05a

16.00

0.55

Z: Letters in columns indicate »ean separation by Duncan's sultiple range

test at 5* level.
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Table 7: Effect of foliar applications of various concentrations of potassium
solution (38%) on finger lengths (Lj, L2) and curvature index (R) of
the second and the fourth hands of plant crop of bananas
(Orchard 1993-95)

Treatments Second hand
Outer row Inner row

LA ij\ i\ . Lt LA I\

z
Kn 17.50b 12.00b • 1.46a 17.00b 11.80b 1.44a

Kj 19.30a 12.50a 1.54a 18.00a 12.30a 1.46a

K2 19.00a 12.75a 1.49a 18.05a , 12.25a 1.47a

K3

cv%

SE±

17.

10.

00.

25b

75

43

12.

12.

00.

00b

00

08

1.44a

08.50

00.12

17

09

09

.06b

.12

.12

11

11

00

.70b

.15

.06

1.45a

09.46

00.11

Kfl

*1

K2

K

h
16.80b

17.75a

17.60a

15.90b

Outer row

h
11.45b

12.00a

11.90a

10.80b

Fourth

R

1.46a

1.48a

1.48a

1.47a

hand
Inner

h
15.70b

16.85a

16.65a

15.90b

row

h
11.30b

12.12a

12.00a

11.50b

R

1.39a

1.40a

1.39a

1.38a

CVS

SE±

14

00

.12

.05

13

00

.00

.16

16

00

.00

.03

10.

00.

15

12

12.

00.

50

10

10.

00.

00

08

Z: Letters in columns indicate mean separation by Duncan's multiple range

test at 5% level.
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The data revealed that there were no significant

differences in finger length (Lj, L2) of both outer and inner

rows of finger samples taken from the second and the fourth

hands between Kj and K2-treatments and also between Kj and the

control (KJ)); however, the former two treatments resulted in

significantly higher values than the later two treatments.

No significant differences were noted between the

treatments in curvature index (R) of samples taken from both

the second and the fourth hands of the plant crop.

4.1.5.2 The first ratoon crop:

Table 8 illustrates the influence of foliar applications

of different concentrations of potassium solution (38%) on

finger lengths (Lj , lq ) and curvature of finger samples taken

from the second and the fourth hands of the first ratoon crop

of bananas.

The data indicated similar trend as noticed with the

plant crop.

4.2 Orchard Experiment 2:

4.2.1 Growth parameters:

4.2.1.1 Plant height:

4.2.1.1.1 Plant crop:

The effect of foliar applications of different foliar

fertilizer materials on plant height of plant crop of bananas

is illustrated in Fig. 12.
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Table 8: Effect of foliar applications of various concentrations of potassium
solution (38%) on finger lengths (Li, L2) and curvature index (R) of
the second and the fourth hands of the first ratoon crop of bananas
(Orchard 1993-95)

Treatments

h

h

h
K3

cv%
SE±

Kfl

Kl

K2

h
cv%

SE±

2
17.20b

18.00a

18.15a

17.20b

09.16

00.06

h
17.55b

18.30a

18.25a

17.25b

14.00

00.11

Outer row

h

11.80b

12.00a

12.01a

11.70b

08.08

00.09

Outer row

h
12.00b

12.40a

12.30a

11.96b

10.35

00.05

Second

R

1.46a

1.50a

1.51a

1.47a

11.00

00.06

Fourth

R

1.46a

1.48a

1.48a

1.45a

07.90

00.07

hand
Inner

h

17.00b

17.85a

18.00a '

16.95b

13.05

00.18

hand
Inner

h
16.65b

17.05a

17.00a

16.80b

12.17

00.06

row

h

11.70b

12.00a

12.01a

11.70b

12.00

00.08

row
h
11.50b

11.70a

11.75a

11.50b

11.50

00.05

R

1.45a

1.48a

1.49a

1.45a

09.00

00.11

R

1.45a

1.46a

1.45a

1.46a

12.75

00.03

Z: Letters in columns indicate mean separation by Duncan's multiple range

test at 5% level.
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FIG (12) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
FOIJAR FERTIUZER MATERIALS ON PLANT HEIGHT OF THE PLANT

CROP OF BANANAS

(ORCHARD 1993 - 95)
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6 a a t shooting
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LETTERS ON BARS INDICATE MEAN SEPERATION BY DUNCAN'S MULTIPEL RANGE TEST AT 5% LEVEL



All differential treatments showed no significant

differences in plant height measurements taken after four

months from planting. The data recorded after six and eight

months from planting indicated that significantly greater

increases in plant height were associated with Compound Cryst

treatment compared to X-Garden and the control treatments.

All fertilizer • materials gave significantly greater

increases in plant height measurements recorded at shooting

time than the control. Significantly greater increases were

associated with Compound Cryst treatment compared to the other

fertilizers. Fetrilon comb-2 was also found to be significant

over X-Garden.

4.2.1.1.2 The first ratoon crop:

The data taken after four months from the emergence of

the first ratoon crop revealed that foliar applications of

different fertilizer materials resulted in significantly

greater increases in plant height compared to the control

(Fig. 13).

No significant differences were found in plant height

measurements between the fertilizer materials. Generally,

increases in plant height recorded after six or eight months

indicated that Compound Cryst-treated plants were associated

with significantly greater values than the other treatments.
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FIG (13) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
FOLIAR FERTIUZER MATERIALS ON PLANT HEIGHT OF THE

FIRST RATOON CROP OF BANANAS

(ORCHARD 1993 - 95)
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120 -r

4 6 8 at shooting
TIME FROM THE EMERGENCE OF THE FIRST RATOON CROP (MONTHS)

CONTROL

FETRILON COMB-2

COMPOUND CRYST

X-GARDEN

LETTERS ON BARS INDICATE MEAN SEPERATION BY DUNCAN'S MULTIPLE RANGE TEST AT 5% LEVEL



The differences between Compound Cryst and Petrilon Comb-

2 treatments and also between X-Garden and the control in

plant height measurements recorded at shooting time were not

significant; however, the former two treatments resulted in

significantly greater values than the later two treatments.

4.2.1.2 Pseudostem girth (diameter):

4.2.1.2.1 Plant crop:

The trend in the measurements of pseudostem girth of the

plant crop taken after four, six 'a"nd eight months from

planting was similar to those of plant height measurements of

the plant crop (Fig. 14). At shooting time, all treatments

resulted in significantly greater measurements than the

control. Significantly greater measurements were associated

with plants treated with Compound. Cryst than those treated

with X-Garden; however, no significant differences were found

between Compound Cryst and Fetrilon Comb-2 and also between

Fetrilon Comb-2 and X-Garden.

4.2.1.2.2 The first ratoon crop:

Influence of foliar applications of various foliar

fertilizer materials on pseudostem girth (diameter) of the

first ratoon crop of bananas is presented in Fig. 15.

More or less, the data recorded after four, six and eight

months from the emergence of the first ratoon crop showed
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FIG ( U ) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
FOLIAR FERTILIZER MATERIALS ON PSEUDOSTEM GIRTH OF THE

PLANT CROP OF BANANAS

(ORCHARD 1993 - 95)
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60 -f
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FETRILON COMB-2
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at shooting

LETTERS ON BARS INDICATE MEAN SEPERATION BY DUNCAN'S MULTIPLE RANGE TEST AT 5% LEVEL
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FIG (15) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
FOLIAR FERTILIZER MATERIALS ON PSEUDOSTEM GIRTH OF THE

FIRST RATOON CROP OF BANANAS

(ORCHARD 1993 - 95)

PSEUDOSTEM GIRTH (CM)
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FETRILON COMB-2
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at shootin

LETTERS ON BARS INDICATE MEAN SEPERATION BY DUNCAN'SMULTIPLE RANGE TEST AT 5% LEVEL



similar trend as noted with plant height measurements. At

shooting time, significantly greater values were observed with

plants treated with Compound Cryst than the other treatments.

Application of Fetrilon Comb-2 resulted in significantly

greater values than the control.

Generally., with respect to the above mentioned

parameters, greatest values were associated'" with Compound

Cryst, followed by Fetrilon Comb-2 and then X-Garden.

4.2.1.3 Number of leaves:

4.2.1.3.1 Plant crop:

The seasonal increases in number of leaves of plant crop

of bananas in relation to foliar applications of different

foliar fertilizer materials are shown in Fig. 16.

The differential treatments were not associated with

significant differences in leaf number counted after four

months from planting.

The data recorded after six months revealed that Compound

Cryst treatment resulted in significantly more leaves compared

to the other treatments which, in turn, showed no significant

differences between them.

Leaf number counted after eight months from planting and

at shooting time indicated that plants receiving Compound

Cryst treatment produced significantly more leaves than the

control.
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FIG (16) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
FOLIAR FERTILIZER MATERIALS ON NUMBER OF LEAVES OF THE

PLANT CROP OF BANANAS

(ORCHARD 1993 - 95)
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No significant differences were existed between Compound

Cryst and Fetrilon Comb-2 and X-Garden and also between the

later two treatments and the control.

4.2.1.3.2 The first ratoon crop:

Fig. 17 illustrates the influence of foliar applications

of different foliar fertilizer materials on number of leaves

of the first ratoon crop of bananas.

Increases in number of leaves counted throughout the

experimental period indicated that there were no significant

differences in number of leaves between all treatments.

4.2.2 Number of days from planting to shooting and from
shooting to harvesting:

The data presented in Table 9 illustrate the influence of

foliar applications of various fertilizer materials on time

required by both plant crop and the first ratoon crop of

bananas from planting to flowering (shooting) and from

shooting to harvesting.

The data revealed that plant crop treated with Compound

Cryst took significantly fewer days to reach shooting compared

to the other treatments which, in turn, showed no significant

differences among them. The control plant crop took more days

to flower than Fetrilon Comb-2 and X-Garden treatments.

The control plant crop took significantly more days from

shooting to harvesting than the other treatments which, in

turn, showed no significant differences between them.
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FIG (17) EFFECT OF FOLIAR APPUCATION OF DIFFERENT
FOLIAR FERTIUZER MATERIALS ON NUMBER OF LEAVES OF THE

FIRST RATOON CROP OF BANANAS

(ORCHARD 1993 - 95)
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Table 9: Number of days from planting to shooting (sh.) and from shooting to
harvesting (Har.) of the plant crop and the first ratoon crop of
bananas as influenced by foliar applications of different foliar
fertilizer materials
{Orchard 1993-95)

Treatments Plant crop First ratoon crop
Time (days) Time (days)

Sh. Har. Sh. Har.

z
Control 359.00a 93.00a 420.00a 115.00a

Compound Cryst 348.00b 90.00b 403.00b 107.00b

Fetrilon Comb-2 352.00b 91.00b 410.00b 108.00b

X-garden

CV%

SE±

353.00a

002.00

005.14

91.00a

03.42

01.25

415.00a

003.50

004.00

110.00a

004.01

002.80

Z: Letters in columns indicate mean separation by Duncan's multiple range

test at 5% level.
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With respect to the first ratoon crops, the control

plants took significantly more days from emergence to shooting

and from shooting to harvesting compared to the treated plants

which, in turn, showed no significant differences between

them. However, Compound Cryst-treated plants took fewer days

than the other fertilizers.

4.2.3 Nutrient elements contents of leaves:

4.2.3.1 Nitrogen (N) content):

All foliar fertilizer materials resulted in significantly

higher leaf-N contents in plant crop than the control (Fig.

18). Significantly higher leaf-N content was noted in plant

crops treated with Fetrilon Comb-2 over the other fertilizers

which, in turn, showed no significant difference between them.

However, slightly higher leaf-N content was detected in plant

crops treated with Compound cryst than those treated with X-

Garden. Significantly higher leaf-N contents was detected in

the first ratoon crops treated with different fertilizer

materials compared to the control. No significant difference

was existed in leaf-N contents between Compound Cryst and

Fetrilon Comb-2; however, these two treatments resulted in

significantly higher values over X-Garden.
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FIG (18) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
FOLIAR FERTILIZER MATERIALS ON NITROGEN (N)

CONTENTS OF LEAVES OF BOTH PLANT CROP AND THE FIRST
RATOON CROP OF BANANAS SAMPLED AT SHOOTING TIME

(ORCHARD 1993 - 95)



4.2.3.2 Phosphorus (P) content:

Leaf samples collected from the plant crop that received

X-Garden treatment contained significantly higher leaf-P

content over the other treatments which, in turn, were

associated with no significant differences between them.

All fertilizer materials gave significantly higher leaf-P

contents in the first ratoon crop than the control. The

differences between the fertilizer materials in leaf-P

contents were not significant (Fig. 19).

4.2.3.3 Potassium(K) content:

The data presented in Fig. 20 revealed that all treated

plant crops contained significantly higher leaf-K contents

than the control. Significantly higher leaf-K contents were

detected in plant crops treated with X-Garden compared to

those treated with Compound Cryst. There were not significant

differences in leaf-K contents of the first ratoon crops

between the fertilizer materials; however, they resulted in

significantly higher values than the control.

4.2.3.4 Calcium (Ca) content:

The data expressed in Fig. 21 indicated that leaf-Ca

contents in the plant crop or the first ratoon crops were not

significant between all treatments; however, slightly higher

leaf-Ca contents were detected in plants treated with Compound

Cryst and X-Garden than the other treatments.
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FIG (19) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
FOLIAR FERTILIZER MATERIALS ON PHOSPHORUS (P)

CONTENTS OF LEAVES OF BOTH PLANT CROP AND THE FIRST
RATOON CROP OF BANANAS SAMPLED AT SHOOTING TIME

(ORCHARD 1993 - 95)
P(%)



FIG (20) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
FOLIAR FERTILIZER MATERIALS ON POTASSIUM (K)

CONTENTS OF LEAVES OF BOTH PLANT CROP AND THE FIRST
RATOON CROP OF BANANAS SAMPLED AT SHOOTING TIME

(ORCHARD 1993 - 95)
T7 ( cr/\



FIG (21) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
FOLIAR FERTILIZER MATERIALS ON CALCIUM (Ca)

CONTENTS OF LEAVES OF BOTH PLANT CROP AND THE FIRST
RATOON CROP OF BANANAS SAMPLED AT SHOOTING TIME

(ORCHARD 1993 - 95)
Ca(%)
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4.2.3.5 Magnesium (Mg) content:

Significantly higher leaf-Mg contents were noted with

plant crop treated with Compound Cryst or the control plants

compared to the other treatments which, in turn, showed no

significant difference between them. With respect to leaf

samples collected from the first ratoon crop, foliar

application of either Compound Cryst or X-Garden treatments

stimulated significantly higher leaf-Mg contents over Fetrilon

Comb-2 and the control treatments which, in turn, showed no

significant difference between them (Fig. 22).

4.2.3.6 Micronutrients:

The effects of foliar applications of different foliar

fertilizer materials on manganese (Mn), iron (Fe) , zinc (Zn)

and copper (Cu) contents of leaves sampled at shooting time

from both plant crop and the first ratoon crop of bananas

grown under orchard conditions are shown in Table 10.

Leaf samples collected from plant crops treated with the

different fertilizer materials contained significantly higher

Mn contents compared to the control. Application of compound

cryst resulted in significantly higher leaf-Mn content than

the other fertilizer materials.

All treatments resulted in significantly higher leaf-Fe

contents in plant crop than X-Garden. Plant crop sprayed with

Compound Cryst contained significantly higher leaf-Fe content

over the other treatments.
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FIG (22) EFFECT OF FOLIAR APPLICATION OF DIFFERENT
FOLIAR FERTILIZER MATERIALS ON MAGNESIUM (Mg)

CONTENTS OF LEAVES OF BOTH PLANT CROP AND THE FIRST
RATOON CROP OF BANANAS SAMPLED AT SHOOTING TIME

(ORCHARD 1993 - 95)
Mg(%)



Table 10: Effect of foliar applications of different foliar fertilizer
materials on manganese (Mn), iron (Fe), zinc (Zn) and copper (Cu)
contents of leaves of both plant crop and the first ratoon crop of
bananas sanples at shooting time
(Orchard 1993-95)

Treatments Plant crop
ppm-dry weight
Mn Fe Zn Cu

First ratoon crop
ppm-dry weight
Mn Fe Zn Cu

Control 256.0c 200.0b 25.7b 4.5a 265.0c 162.c 26.0b 5.0a

Compound Cryst 367.5a 215.0a 32.4a 4.5a 350.0a 178.0b 31.5a 5.5a

FetriIon-Comb-2 315.0b 200.0b 27.3b 4.5a 308.0b 195.0a 29.0a 5.0a

X-garden

CV*

SE±

323.5b

9.05

8.32

188. C

8.85

4.50

2b

7.

3.

.3b

87

50

4.

20

00

5a

.72

.02

325.0a

8.65

7.50

176

10.

05.

.5b

50

00

2b

18

03

.4b

.30

.02

5

9

0

. 0a

.50

.05

2: Letters in columns indicate aaan separation by Duncan's multiple range

test at 5* level.
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Significantly higher leaf-Zn contents were detected in

plant crops treated with Compound Cryst than the other

treatments which, in turn, showed no significant differences

between them.

No significant differences in leaf-Cu contents of the

plant crop were found between the differential treatments.

All fertilizer materials resulted in significantly higher

leaf-Mn contents of the first ratoon crops compared to the

control. No significant differences were noted in leaf-Mn

contents between Compound Cryst and X-Garden treatments which,

in turn, gave significantly higher leaf-Mn contents over

Fetrilon Comb-2 treatment.

Foliar applications of the fertilizer materials resulted

in significantly higher leaf-Fe contents of the first ratoon

crops than the control. The first ratoon crops treated with

Fetrilon Comb-2 contained significantly higher leaf-Fe content

than those treated with Compound Cryst and X-Garden which, in

turn, showed no significant difference between them.

The differences in leaf-Zn contents of the first ratoon

crops between Compound Cryst and Fetrilon Comb-2 and also

between X-Garden and the control were not significant;

however, the former two treatments resulted in significantly

higher leaf-Zn contents than the later two treatments.

No significant differences in leaf-Cu contents of the

first ratoon crops were noted between the treatments.
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4.2.4 Yield and yield components:

4.2.4.1 Plant crop:

The influences of foliar applications of different foliar

fertilizer materials on yield and yield components of plant

crop of bananas are presented in Table 11.

The data revealed that application of fertilizer

materials resulted in significantly greater weights of bunch

and potential yield than the control.

All differential treatments showed no significant

differences in weights of stalk, hand -and finger. Similarly,

all differential treatments were not associated with

significant differences in number of hands per bunch, fingers

per bunch and fingers per hand between them.

4.2.4.2 The first ratoon crop:

The effects of foliar applications of different foliar

fertilizer materials on yield and yield components of the

first ratoon crop of bananas grown under orchard conditions

are shown in Table 12.

The differences between the differential treatments in

weights of bunch, stalk, hand and also in number of hands per

bunch, fingers per bunch, fingers per hand and potential yield

were not significant; however, slightly greater values of all

these measured parameters were associated with Compound Cryst

followed by Fetrilon Comb-2, X-Graded and then control.
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Table 11: Effect of foliar applications of different foliar fertilizer aatarials on yield and
yield components of the plant crop of bananas
(Orchard 1993-95)

Treatments Average weight of
Bunch Stalk Hand Fingar
kg kg kg ga

Average nmnber of Krtantial
Hands/ Figures Fingers yield
bunch per bunch per hand (ton/fed)

Control 6.15b 0.36a 1.07a 94.19a 5.44a 61.75a 11.24a 2.B7b

Compound
Cryst

6.50a 0.41a 1.07a 95.68a 5.65a 63.25a 11.16a 3.03a

Fetrilon-
Comb-2

6.30a 0.40a 1.08a 95.50a 5.44a 61.50a 11.31a 2.93a

X-Garden

en

SEi

6 .

06

00

44a

.03

.01

0.40a

9.01

0.009

1.

6 .

0 .

09a

90

01

96

6.

1 .

.12a

67

80

5 .

4 .

0 .

52a

06

06

62

4 .

0 .

.75a

20

65

11

4 .

0 .

.34a

220

020

3

9

0

.01a

.56

.82

Z: Letters in columns indicate »ean separation by Duncan's nultiple range

test at 5? level.
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Table 12: Effect of foliar applj.cati.ons of different foliar fertilizer aatarials on yield and
yield components of the first ratoon crop of bananas
(Orchard 1993-95)

Treatments Average weight of
Bunch Stalk Hand Finger
kg- Kg kg gm

Average nuaber of Etatantial
Hands/ Figures Fingers yield
bunch per bunch per hand (ten/fed)

Control 6.12a 0.45a 1.08a 84.38a 6.31a 66.75a 11.71a 2.88a

Compound
Xryst

6.88a 0.51a 1.10a 87.54a 6.76a 71.50a 12.31a 3.21a

Fetri Ion-
Comb-2

6.65a 0.49a 1.09a 84.89a 6.31a 70.31a 11.75a

Z: Letters in columns indicate mean separation by Duncan's multiple range

test at 5% level.

3.10a

X-Garden

CV*

SE±

6.25a

15.74

00.26

0.

22

00

48a

.0

.03

1.

12

00

07a

.09

.03

84

9.

2.

.88a

52

00

6.

12

00

28a

.15

.20

68

15

02

.44a

.37

.66

11.

10.

00.

90a

11

30

2.

12

00

92a

.0

.07
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4.2.5 Finger length (Lj, 1̂ ) and curvature (R):

4.2.5.1 Plant crop:

All fertilizer materials resulted in significantly

greater increases in finger lengths (Lj, 1̂  ) of finger samples

taken from both outer and inner rows of the second hand

compared to the control (Table 13). No significant

differences were noted in values of these parameters between

the fertilizer materials.

The differential treatments showed no significant

differences in the fruit curvature (R )• of both outer and inner

rows of the second hand.

Significantly greater lengths (Lj, L2) of finger samples

collected from both outer and inner rows of the fourth hand

were associated with Compound Cryst treatment compared to the

other treatments which, in turn, showed no significant

differences between them.

No significant differences in fruit curvature of both

outer and inner rows of the fourth hand were found between the

differential treatments.

4.2.5.2 The first ratoon crop:

Foliar applications of Compound Cryst and Fetrilon Comb-2

resulted in significantly greater increases in lengths, Lj and

L2 of the finger samples taken from both outer and inner rows

of the second hand of the first ratoon crop than the control
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Table 13: Impact of foliar applications of various foliar fertilizer materials
on finger lengths (L , 1%) and curvature index (R) of the second and
the fourth hands of 'plant crop of bananas
(Orchard 1993-95)

Treatments
Outer row

h

Second hand

R
Inner row

R

z
Control

Conpound
Cryst

Fetrilon
Comb-2

18.

19.

19.

60b

60a

30a

13

13

13

.30b

.80a

.60a

1

1

1

.40a

.42a

.42a

17

18

18

.80b

.60a

.70a

13

14

13

.50b

.10a

.70a

1.

1.

1.

32a

33a

36a

X-garden

CV%

SE+

19.

12.

00.

h

10a

20

11

Outer

13.60a

12.00

00.03

row

1.41a

09.11

0.009

Fourth hand

R

18.50a

13.50

00.02

Inner row

13.

12.

00.

L2

70a

15

04

1.

10

0.

R

3ba

.00

006

Control

Compound
Cryst

Fetrilon
Comb-2

18.

19.

18.

30b

00a

40b

12.

13.

12.

80b

40a

90b

1

1

1

.43a

.42a

.42a

17

18

17

.40b

.00a

.60b

12.

13.

12.

60b

20a

90b

1

1

1

.37a

-36a

.36a

X-garden

CV%

SE±

18.

09.

00.

30b

50

08

13

11

00

.06b

.27

.06

1.

10

0.

41a

.75

005

17.

12.

00.

40b

18

12

12.

12.

00.

80b

00 ••

06

1.

., 11

00

35a

.85

.004

Z: Letters in columns indicate mean separation by Duncan's multiple range

test at 5% level.
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(Table 14). However, the differences between Compound Cryst,

Fetrilon Comb-2 and X-Garden and also between X-Garden and the

control were not significant.

No significant differences were noted between the

differential treatments in finger curvature (R) of the samples

taken from both outer and inner rows of the second hands.

All fertilizer materials gave significantly greater

increases in length L, and L2 of the finger samples of both

outer and inner rows of the fourth hand than the control.

Significantly grater lengths were associated with Compound

Cryst compared to Fetrilon Comb-2 and X-Garden which, in turn,

showed no significant differences between them.

The differences in finger curvature (R) of the samples

taken from both outer and inner rows of the fourth hands were

not significant.

4.3 Nursery Experiment No. 1:

•4.3.1 Growth parameters:

4.3.1.1 Plant height:

The linear increases in plant height of banana suckers as

affected by foliar applications of different fertilizer

materials containing different combinations of NPK are

presented in Fig. (23).

Plant height measurements recorded after two months from

planting revealed that significantly greater increases were
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Table 14: Influence of foliar applications of various foliar fertilizer
materials on finger lengths (L^ Î } and curvature index (R) of the
second and the fourth hands of the first ratoon crop of bananas
(Orchard 1993-95)

Treatments
Outer row

Second hand

R
Inner row

R

z
Control

Compound
Cryst

Fetrilon
Comb-2

X-Garden

18.

19.

19.

19.

50b

80a

60a

lOab

12

13

13

12

.00b

.40a

.20a

.70ab

1.

1.

1.

1.

49a

48a

48a

50a

17.

19

19.

18.

80b

.30a

00a

40ab

12

13

13

13

.30b

.70a

.50a

.00ab

1

1

1

1

.45a

.41a

.41a

.42a

CV%

SE±

15

00

Ll

.00

.13

12.30

00.09

Outer row
L,

11.85

0.008

Fourth hand

R

14.00

00.15

Inner row

16.

00.

L2

50

07

13

0.

R

.00

006

Control

Compound
Cryst

Fetrilon
Comb-2

X-Garden

17

19

18

18

.60c

.30a

.50b

.36b

11.

13.

12.

12.

90c

10a

50b

30b

1

1

1

1

.48a

.47a

.48a

.49a

16

17

17

17

.80c

.90a

.30b

.10b

11.

13.

12.

12.

80c

00a

46b

20b

1.

1.

1.

1.

42a

38a

39a

40a

cv% 17.00 16.40 12.15 15.50 13.50 12.00

SE± 00.15 00.18 00.03 00.11 00.16 00.02

Z: Letters in columns indicate mean separation by Duncan's multiple range

test at 5% level.
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FIG (23) INFLUENCE OF FOLIAR APPLICATION OF DIFFERENT
FERTILIZER MATERIALS CONTAINING DIFFERENT COMBINATIONS

OF N P K ON PLANT HIEHGT OF BANANA SUCKERS
(NURSERY MAY - OCTOBER 1994)



associated with T2 (%%%) compared to the control. No

significant differences were noted between T2 fertilizer

material and T3 , Tj and T5 fertilizers and also between the

later three fertilizers and the control.

All treatments resulted in significantly higher

measurements recorded after four months from planting than the

control'. Significantly higher measurements were associated

with T2 and T5 compared to the other treatments.

More or less, similar results were obtained when

measurements were recorded after six months from planting.

4.3.1.2 Pseudostem girth (diameter):

The data recorded after two months from planting

indicated that application of T, resulted in significantly

greater increase in pseudostem girth than the control. The

differences between T2 and Tj, T4 and T5 fertilizer materials

and also between the later three fertilizer materials and the

control were not significant (Fig. 24).

All differential treatments resulted in significantly

greater measurements taken after four months from planting

compared to the control. Significantly greater measurement

was found with T2 application than the other treatments. No

significant difference was noted between T3 and T5; however,

these two treatments resulted in significantly higher values

over T^ treatment.
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FIG (24) INFLUENCE OF FOLIAR APPLICATION OF DIFFERENT
FERTILIZER MATERIALS CONTAINING DIFFERENT COMBINATIONS

OF N P K ON PSEUDOSTEM GIRTH OF BANANA SUCKERS

(NURSERY MAY - OCTOBER 1994)



More of less, measurements recorded after six months were

similar to those recorded after four months from planting.

4.3.1.3 Number of leaves:

There were no significant differences in number of leaves

counted after two months from planting between T3 , T̂  and T$

and also between T. and T2 ; however, the former three

treatments resulted in significantly higher number of leaves

than the later two treatments (Fig. 25).

The average number of leaves recorded-after four months

from planting of T^-treated suckers was significantly greater

than the control. No significant differences were observed

between T2 , T3 , T̂  and T5 and also between T2 , T3 and T̂  and the

control.

More or less, trend observed in number of leaves counted

after four months from planting was similar when leaves were

counted after six months from planting; however, significantly

fewer number of leaves was associated with control compared to

the other treatments.

4.3.2 Fresh and dry weights:

The data revealed, that foliar applications of the

fertilizer materials resulted in significantly greater weights

of leaf, pseudostem and total fresh weights and total dry

weights than the control (Table 15). The differences in these
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FIG (25) INFLUENCE OF FOLIAR APPLICATION OF DIFFERENT
FERTILIZER MATERIALS CONTAINING DIFFERENT COMBINATIONS

OF N P K ON NUMBER OF LEAVES OF BANANA SUCKERS

(NURSERY MAY - OCTOBER 1994)



Table 15: Effect of foliar applications of different fertilizer materials
containing different combinations of NPK on total fresh and dry-
weights and those of different plant parts of banana suckers
(Nursery May-October, 1994)

Treatments Leaves
Fresh weight (gin)

Pseudostem Roots Corm Total

Control 148.00c 200.90c 113.75b 347.63b 0810.28c

w*
223.25a 280.50a 135.80a 387.95a 1027.50a

193.13b 232.40b 132.50a 373.75a 0931.75b

191.50b 238.25b 131.75a 383.50a 0945.00b

204.00a 279.00a 137.75a 388.50a 1009.25a

cv%
SE±

Treatments

014.26

06.85

Leaves

017.22

10.43

Dry
Pseudostem

008.21

02.67

weight (gm)
Roots

004.84

04.55

Corm

0008.16

19.19

Total

Control 20.16b 14.65b 16.45b 28.05a 79.91c

27.91a 17.50a 19.04a 29.02a 93.47a

25.50a 16.90a 18.35a 28.83a 89.08b

25.18a 17.32a 18.45a 28.92a 89.57b

N 26.25a 17.54a 18.56a 29.06a 90.80a

cv%
SE±

12

00

.80

.80

13.

00.

96

57

07

00

.16

.33

04

00

.11

.30

06

01

.50

.43

Z: Letters in columns indicate mean separation by Duncan's multiple range
test at 5% level.
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parameters between T2 and T5 and also between Tj and T, were

not significant; however, the former two treatments gave

significantly greater weights compared to the later two

treatments. No significant differences in fresh weights of

roots and corm and dry weights of leaf, pseudostem and roots

were noted between the fertilizer materials; however, they

resulted in significantly greater values than the control.

The differential treatments showed no significant differences

in corm dry weight between them.

4.3.3 Relative growth rate (RGR) and leaf area:

All fertilizer materials resulted in significantly

greater values of relative growth rates than the control

(Table 16). There were no significant differences in values

of relative growth rates between T« and Ts and also between T-,

and Tj ; however, the former two treatments were associated

with significantly greater values than the later two

treatments.

Significantly lower value of leaf area was noted with

control plants compared to the fertilizer materials which; in

turn, showed no significant differences in leaf area between

them; however, T. and Tr resulted in slightly greater values

than T3 and T, (Table 16).
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Table 16: Effect of foliar applications of different fertilizer
materials containing various combinations of NPK on
relative growth rate (RGR) and leaf area of banana
suckers
(Nursery May-October, 19 94}

Treatments Relative growth rate Leaf area(cm2)

Control(Tl) 235.0c 531.2b

N19P19K15(T2) 3 5 4 . 0 a 5 5 8 . 8 a

N12P12K36(T3) 2 9 1 . 0 b 5 4 7 . 4 a

N15P5K3Q(T4) 3 0 9 . 0 b 5 4 8 . 4 a

N13P6K20(T5)

CV%

SE±

344

013

0 0 .

. 0a

.5

11

555

0 7 .

1 3 .

.0a

84

42

Z: Letters in columns indicate mean separation by Duncan's

multiple range test at 5% level.
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4.3.4 Nutrient elements contents of leaves:

4.3.4.1 Nitrogen (N) content:

All fertilizer materials resulted in significantly higher

leaf-N contents than the control (Fig. 26). Application of T2

gave significantly higher leaf-N content compared to the other

fertilizer materials. Significantly higher leaf-N content was

associated with Tj than Tj and T5 which, in turn, showed no

significant difference between them.

4.3.4.2 Phosphorus (P} content:

All fertilizer materials tended to stimulate

significantly higher leaf-P contents than the control (Fig.

27). Application of T5 resulted in significantly lower leaf-P

content compared to the other fertilizer materials which; in

turn, showed no significant differences in leaf-P contents

between them.

4-3.4.3 Potassium (K) content:

Application of To or Tc resulted in significantly higher
u J

leaf-K contents than the control; however, no significant

differences in leaf-K contents were found between these two

treatments and Tj and T, and also between the later two

treatments and the control (Fig. 28).
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FIG (26) NITROGEN (N) CONTENT OF LEAVES OF BANANA. SUCKERS
AS INFLUENCED BY FOLIAR APPLICATIONS OF DIFFERENT

FERTILIZER MATERIALS CONTAINING DIFFERENT COMBINATIONS
OF NPK (NURSERY MAY - OCTOBER 1994)

N(%)

3f1 "" I



AS INFLUENCED BY FOLIAR APPLICATIONS OF DIFFERENT
FERTILIZER MATERIALS CONTAINING DIFFERENT COMBINATIONS

OF NPK (NURSERY MAY - OCTOBER 1994)

P(%)

0.25 Y



AS INFLUENCED BY FOUAR APPLICATIONS OF DIFFERENT
FERTILIZER MATERIALS CONTAINING DIFFERENT COMBINATIONS

OF NPK (NURSERY MAY - OCTOBER 1994)

K(%)



4.3.4.4 Calcium (Ca) content:

The differences in leaf-Ca contents between Tj and Tj and

also between T, , Tj and T<j were not significant; however, the

former two treatments were associated with significantly

higher values compared to the later three treatments (Fig.

29) .

4.3.4.5 Magnesium (Mg) content:

Significantly higher leaf-Mg content was observed with T-j

than the other treatments (Fig. -30). There were no

significant differences in leaf-Mg contents between Tj and T5

and also between T, and Ti ; however, the former two treatments

resulted in significantly higher leaf-Mg contents compared to

the later two treatments.

4.3.4.6 Micronutrients:

Table 17 indicates the effect of foliar applications of

different fertilizer materials containing different

combinations of NPK on manganese (Mn), iron (Fe), zinc (Zn)

and copper (Cu) contents of leaves of banana suckers grown

under nursery conditions.

The differences in leaf-Mn contents between T2 and T< and

also between Ti , T; and % (control) were not significant;
J J 4.

however, the former two treatments gave significantly higher

leaf-Mn contents than the later three treatments. The highest



FIG (29) CALCIUM (Ca) CONTENT OF LEAVES OF BANANA SUCKERS
AS INFLUENCED BY FOLIAR APPLICATIONS OF DIFFERENT

FERTILIZER MATERIALS CONTAINING DIFFERENT COMBINATIONS
OF NPK (NURSERY MAY - OCTOBER 1994)

Ca(%)



FIG (30) MAGNESIUM (Mg) CONTENT OF LEAVES OF BANANA SUCKER
AS INFLUENCED BY FOLIAR APPLICATIONS OF DIFFERENT

FERTILIZER MATERIALS CONTAINING DIFFERENT COMBINATIONS
OF NPK (NURSERY MAY - OCTOBER 1994)

Mg(%)
/



Table 17: Influence of foliar applications of different fertilizer
materials containing different combinations of NPK on
manganese (Mn), iron (Fe), zinc (Zn) and copper (Cu)
contents of leaves banana suckers
(Nursery May-October, 1994)

ppm-dry weight
Treatments Mn Fe Zn Cu

2

I ) 220.0b 238.0c 23.3c 4.5c

N19P19K ig(T2) 2 6 5 . 0 a 2 3 8 . 0 c 3 5 . 7 a 7 . 5 a

2 2 5 . 0 b 3 8 4 . 0 a 2 5 . 2 b c 6 . 5 b

Ni5p5K30<T4) 2 5 5 . 0 a 3 2 6 . 0 b 2 8 . 0 b 7 . 5 a

N15PgK20(T5)

CV%

SE±

225

005

003

. 0 b

. 2 7

. 1 5

244

0 4 .

0 3 .

. 0 c

96

55

2 4 .

1 2 .

0 0 .

3c

76

85

7.

12

00

5a

. 9 9

.21

1: Letters in columns indicate mean separation by Duncan's

multiple range test at 5% level.
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leaf-Mn content was associated with T7 and the lowest with the

control.

Significantly higher leaf-Fe content was associated with

application of T̂  than the other treatments. Suckers treated

with Tj contained significantly higher leaf-Fe content

compared to the other treatments which, in turn, showed no

significant differences between them.

Application of T2 resulted in significantly higher leaf-

Zn content compared to the other treatments. Significantly

higher leaf-Zn content was noted with suckers treated with T̂

than those treated with T; and the control; however, there

were no significant differences in leaf-Zn contents between Td

and T3 and also between these two treatments and T, orT^ . The

lowest value of leaf-Zn content was detected in the control

plants.

All fertilizer materials gave significantly higher leaf-

Cu contents .than the control. Significantly lower leaf-Cu

content was associated with T^ compared to the other

fertilizer materials which, in turn, showed no significant

differences between them.
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4.4 Nursery Experiment No. 2:

4.4.1 Growth parameters:

4.4.1.1 Plant height:

Plant height measurements taken after two months from

planting showed no significant differences between the

treatments; however, higher value was observed with Tj than

the other treatments (Fig. 31). The differences in plant

height measurements recorded after four or six months from

planting between T2 and T3 were not significant; however, these

two treatments resulted in significantly. .greater increases

compared to the control.

4.4.1.2 Pseudostem girth (diameter):

More or less, pseudostem girth measurements taken at

various times from planting showed the same trend as plant

height measurements (Fig. 32).

4.4.1.3 Number of leaves:

Significantly fewer number of leaves recorded throughout

the experimental period was associated with the control

treatment compared to the other treatments which, in turn,

showed no significant differences between them (Fig. 33).

Slightly greatest number of leaves was associated with T3

followed by T2 and then T̂  treatment.
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FIG (31) EFFECT OF FOLIAR APPLICATIONS OF VARIOUS
CONCENTRATIONS OF N P K FERTILIZER MATERIAL ON PLANT HEIGHT

19 19 19

OF BANANA SUCKERS (NURSERY FEB - JULY 1995)



FIG (32) EFFECT OF FOLIAR APPLICATIONS OF VARIOUS
CONCENTRATIONS OF N P K FERTILIZER MATERIAL ON PSEUDOSTEM

19 19 19
QiRTH OF BANANA SUCKERS (NURSERY FEB. - JULY 1995)



FIG (33) EFFECT OF FOLIAR APPLICATIONS OF VARIOUS
CONCENTRATIONS OF N P K FERTILIZER MATERIAL ON NUMBER OF

19 19 19
LEAVES OF BANANA SUCKERS (NURSERY FEB. - JULY 1995)



4.4.2 Fresh and dry weights:

The data presented in Table 18 illustrate the influence

of different concentrations of N,s P-§ K,c -fertilizer material on

total fresh and dry weights and those of different plant

tissues of banana suckers grown under nursery conditions.

Application of different concentrations resulted in

significantly greater fresh and dry weights of leaves and

pseudostem than the control. There were significant

differences in these parameters between T2 and T̂ ; however,

these two treatments were associated • -with significantly

greater weights compared to T,.

No significant differences in fresh and dry weights of

roots were observed between T, and T, ; however, these two

treatments gave significantly greater weights compared to TA

and the control which, in turn, showed no significant

difference between them.

Significantly lower values of fresh and dry weights of

corm were recorded with the control compared to the other

treatments which, in turn, gave no significant differences

between them.

The differences in total fresh and dry weights between T2

and T3 were not significant; however, these two treatments

resulted in significantly greater weights than the control.

There were no significant differences between To , T-, and T, and

also between T̂  and the control.
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Table 18: Effect of foliar applications of different concentrations of ^ i ^
fertilizer material on total fresh and dry weights and those o
different plant parts of banana suckers
(Nursery February-July, 1995)

Different
cone. Leaves

Fresh weight (gm)
Pseudostem Roots Corm Total

Control

20 gm/L

40 gm/L

80 gm/L

z
134.

188.

197.

156.

00c

50a

00a

00b

180

260

261

190

.50c

.00a

.00a

.00b

52

66

63

55

.50c

.00a

.00a

.00c

325.00b

370.25a

376.00a

370.00a

737

884

894

771

.00b

.75a

.00a

.00ab

CV%

SE±

TreatJTtents

011.

004.

.94

,56

Leaves

002.

001,

.83

.44

Dry
Pseudostem

04.62

00.63

weight (gm)
Roots

002.

001.

Corm

03

74

009.

008.

.43

.55

Total

Control

20 gm/L

40 gm/L

80 gm/L

15.

26.

27.

21.

96c

39a

58a

84b

10.

19.

19.

14.

91c

52a

59a

25b

7

9

9

7

.88c

.86a

.28b

.96c

26

33

33

33

.25b

.62a

.84a

.31a

73

89

90

77

.00b

.40a

.00a

.36ab

CV%

SE±

11.

000

94

.64

02.

000

81

.11

4.

0.

66

10

02

00

.07

.16

09

02

.52

.01

Z: Letters in columns indicate mean separation by Duncan's multiple range

test at 5.% level.
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Generally, as the concentration increased up to T, , the

total fresh and dry weights and those of different plant parts

tended to decrease. The lowest values were associated with

the control.

4.4-3 Relative growth rate (RGR) and leaf area:

The effect of different concentrations of N̂ PjgKjg

fertilizer material on relative growth rate and leaf area of

banana suckers grown under nursery conditions are shown in

Table 19.

All concentrations resulted in significantly greater

values of relative growth rates and leaf area than the

control. There were no significant differences between the

different concentrations; however, To was noted to be

associated with slightly greatest values followed by T-, and

then T| .

4.4.4 Nutrient elements contents of leaves:

4.4.4.1 Nitrogen (N) content:

All treatments resulted in significantly higher leaf-N

contents than Tj (Fig. 34). Significantly higher leaf-N

content was detected in plants treated with Tj than the

control.
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Table 19: Relative growth rate (RGE) and leaf area (LA) of banana suckers
under nursery conditions in relation to foliar applications of
various concentrations of % % % fertilizer material
(Nursery, Feb.-July, 1995)

Treatments Relative growth rate Leaf area(cm2)

Control 198.72b 449.20b

20 gm/L 238.89a 540.00a

198.

238.

228.

219.

z
72b

89a

63a

82a

40 gm/L 228.63a 536.80a

80 gm/L 219.82a 524.00a

CV% 010.55 022.14

SE± 012.50 007.04

Z: Letters in columns indicate mean separation by Duncan's multiple range
test at 5% level.
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FIG (34) INFLUENCE OF FOLIAR APPLICATIONS OF VARIOUS

CONCENTRATIONS OF N P K FERTILIZER MATERIAL ON NITROGEN (N)
19 19 19

CONTENT OF LEAVES OF BANANA SUCKERS

(NURSERY FEB. - JULY 1995)
N(%)



4.4.4.2 Phosphorus (P) content:

Significantly higher leaf-P content was associated with

Tj compared to the other treatments which, in turn, showed no

significant differences between them (Fig. 35).

4.4.4.3 Potassium (K) content:

All differential treatments showed no significant

differences between them in leaf-K contents; however, slightly

higher leaf-K content was detected in T3 compared to the other

treatments (Fig. 36).

4.4.4.4 Calcium (Ca) content:

No significant differences were found between the

treatments in leaf-Ca contents; however, slightly higher

values were recorded with Tj or the control compared to the

other treatments (Fig. 37).

4.4.4.5 Magnesium (Mg) content:

The data presented in Fig. 38 revealed no significant

differences in leaf-Mg contents between the treatments;

however, the lowest leaf-Mg content was noted with the control

plants.

4.4.4.6 Micronutrients:

Effect of foliar applications of different concentrations

of NijPigKjg fertilizer material on manganese (Mn), iron (Fe),

zinc (Zn) and copper (Cxi) contents of leaves of banana suckers

grown under nursery conditions are presented in Table 20.

129



FIG (35) INFLUENCE OF FOLIAR APPLICATIONS OF VARIOUS
:ONCENTRATIONS OF N P K FERTILIZER MATERIAL ON PHOSPHORUS(P)

19 19 19

CONTENT OF LEAVES OF BANANA SUCKERS

(NURSERY FEB. - JULY 1995)

P(%)



FIG (36) INFLUENCE OF FOLIAB APPLICATIONS OF VARIOUS
CONCENTRATIONS OF N P K FERTILIZER MATERIAL ON POTASSIUM(K)

19 19 19

CONTENT OF LEAVES OF BANANA SUCKERS

(NURSERY FEB. - JULY 1995)

K(%)
/



FIG (37) INFLUENCE OF FOLIAR APPLICATIONS OF VARIOUS
CONCENTRATIONS OF N P K FERTILIZER MATERIAL ON CALIUM (Ca)

19 19 19

CONTENT OF LEAVES OF BANANA SUCKERS
(NURSERY FEB. - JULY 1995)



FIG (38) INFLUENCE OF FOIIAK APPLICATIONS OF VAPJOUS
CONCENTRATIONS OF N P K FERTILIZER MATERIAL ON MAGNESIUM(Mg)

19 19 19

CONTENT OF LEAVES OF BANANA SUCKERS

(NURSERY FEB. - JULY 1995)

Mg(%)
A : 1



Table 20: Influence of foliar applications of different concentrations of
1̂9̂ 19̂ 15 fertilizer materials on manganese (Mn), iron (Fe), zinc (Zn)
and copper (Cu) contents of leaves banana suckers
(Nursery Feb.-July, 1995)

ppm-dry weight
Treatments Mn Fe Zn Cu

z
Control 223.0a 200.5a 30.5b 07.5c

20 gm/L 265.0a 194.5ab 40.3a 11.5a

40 gm/L 255.0a 178.5b 36.0b 09.0b

80 gm/L 230.0a 178.5b 33.4b 07.5c

cv%

SE±

011

007

.85

.13

08

04

.63

.10

12.

00.

14

94

09

00

.39

.21

Z: Letters in columns indicate mean separation by Duncan's

multiple range test at 5% level.
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The differential treatments showed no significant

differences in leaf-Mn contents between them; however, all

concentrations resulted in higher values than the control. It

was observed that as the concentration increased, leaf-Mn

content tended to decrease.

Control suckers contained significantly higher leaf-Fe

"content than T-j and Tj . No significant differences were

existed between Tj' 3̂ an<^ ^ i anc^ also between T2 and the

control.

Significantly higher leaf-Zn content was associated with

To. than the other treatments which, in turn, showed no

significant differences between them. As the concentration

increased, leaf-Zn content tended to decrease.

Application of T9 resulted in significantly higher leaf-

Cu content over the other treatments. Significantly higher

leaf-Cu content was also noted with T̂  compared Tj or the

control which; in turn, showed no significant differences

between them. As the concentration increased, leaf-Cu content

tended to decrease.

Generally, application of different concentrations

stimulated higher leaf-micronutrients except leaf-Fe content

compared to the control plants.
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4.5 Nursery Experiment No. 3:

4.5.1 Growth parameters:

4.5.1.1 Plant height:

Plant height measurements recorded after two months from

planting showed no significant differences between the

treatments; however, higher values were associated with

application of alfalfa or lubia powder as crop residue than

the other treatments (Pig. 39). Significantly higher

measurements taken after four or six months from planting were

associated with application of alfalfa or lubia powder as crop

residue than the other treatments. Intercropping of lubia

seedlings with banana resulted in the lowest plant height

measurements.

4.5.1.2 Pseudostem girth (diameter):

More or less, pseudostem girth measurements recorded at

various times from planting showed the same trend as plant

height measurements (Fig. 40).

4.5.1.3 Number of leaves:

There were no significant differences in number of leaves

recorded after two months from planting between application of

alfalfa and lubia powder as crop residue and also between

clean cultivation and planting of both alfalfa and lubia

seedlings as intercrops; however, the former two treatments

resulted in significantly higher values than the later three
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FIG (39) IMPACT OF INTERCROPPING AND CROP RESIDUE ON
PLANT HEIGHT OF BANANA SUCKERS

(NURSERY FEB. - JULY 1995)



FIG (40) IMPACT OF INTERCROPPING AND CROP RESIDUE ON
PSEUDOSTEM GIRTH OF BANANA SUCKERS

(NURSERY FEB. - JULY 1995)



treatments (Fig. 41). Using lubia seedlings as intercrops

resulted in significantly lower number of leaves recorded

after four months from planting compared to the other

treatments which, in turn, showed no significant differences

between them. The differences in number of leaves recorded

after six months from planting were, not significant between

clean cultivation, alfalfa and lubia powder and also between

intercropping of alfalfa and lubia seedlings; however, the

former three treatments gave significantly higher values than

the later two treatments. The lowest values were associated

with lubia seedlings planted as intercrops with banana

suckers.

4.5.2 Fresh and dry weights:

Using of lubia powder as crop residue resulted in

significantly greater fresh and dry weights of banana leaves

compared to the other treatments (Table 21). Significantly

lower fresh and dry weights of leaves were associated with

lubia seedlings when used as intercrops with banana suckers

than the other treatments. Intercropping of lubia seedlings

with banana suckers resulted in significantly lower values of

both fresh and dry weights of .ps^eudostem and total dry weights

compared to the other treatments. No significant differences

were noted in fresh and dry weights of pseudostem and total

dry weights of all parts between using alfalfa and lubia
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FIG (41) IMPACT OF INTERCROPPING AND CROP RESIDUE ON
NUMBER OF LEAVES OF BANANA SUCKERS

(NURSERY FEB. - JULY 1995)



Table 21: Influence of intercropping and crop residue on total fresh and dry
weights and those of different plant parts of banana suckers
(Nursery February-July, 1995)

Different
cone. Leaves

Fresh weight(gm)
Pseudostem Roots Corm Total

Clean
cultivation
Alfalfa
powder
Alfalfa
seedlings
Lubia
powder
Lubia
seedlings

070.5c

096.5b

059.5c

107.5a

027.Od

083.50b

116.75a

070.75b

126.00a

036.00c

38.75b

57.50a

32.50b

50.50a

30.00b

275.00b

297.75a

268.00b

289 .-50a

241.00b

467.75a

568.50a

440.75a

573.50a

334.00b

CV%

SE±

Treatments

013.53

002.50

Leaves

023.13

005.00

Dry
Pseudostem

14.04

01.50

weight(gm)
Roots

010.

006.

Corm

21

16

010.35

012.00

Total

Clean
cultivation
Alfalfa
powder
Alfalfa
seedlings
Lubia
powder
Lubia
seedlings

09.87c

13.51b

08.37c

15.75a

03.79d

06.27b

08.76a

05.31b

09.49a

02.72c

05.81b

08.61a

04.88b

07.58a

04.50b

24.75a

26.80a

22.02a

26.66a

18.69b

46.70b

57.70a

43.58b

59.48a

29.70c

CV%

SE±

13.

000

56

.35

23.

.00.

14

37

14

00

.16

.22

06.

00.

60

35

10

02

.75

.30

Z: Letters in columns indicate mean separation by Duncan's multiple range

test at 5% level.
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powder as crop residue and also between alfalfa seedlings used

as intercrops and clean cultivation; however, the former two

treatments resulted in significantly greater values than the

later two treatments.

The differences in fresh weights of corm and roots and

dry weight of roots between using alfalfa and lubia powder as

crop residue and also between intercropping of alfalfa and

lubia seedlings with banana suckers and clean cultivation were

not significantly; however, the former two treatments resulted

in significantly higher values than the later three

treatments.

All differential treatments gave significantly higher

total fresh weights of all parts and dry weight of corm

compared to intercropping of lubia seedlings with banana

suckers.

Generally, the highest values of total fresh and dry

weights and those of different parts of banana suckers were

noted when alfalfa or lubia powder was applied as crop residue

followed by clean cultivation, alfalfa seedlings and then

lubia seedlings.

4.5.3 Relative growth rate (RGR) and leaf area:

All differential treatments resulted in significantly

greater values of relative growth rate than using lubia

seedlings as intercrops with banana suckers (Table 22). There

were no significant differences in values of relative growth

142



Table 22: Influence of intercropping and crop residue on relative
growth rate (RGR) and leaf area (LA) of banana suckers
(Nursery Feb.-July, 1995)

Treatments Relative growth rate Leaf area(cm2)

324.80c

468.40a

320.80c

449.60b

220.80d

CV% • 008.25 006.27

SE± 014.20 007.17

Z: Letters in columns indicate mean separation by Duncan's
multiple range test at 5% level.

Clean
cultivation

Alfalfa
powder

Alfalfa
seedlings

Lubia
powder

Lubia
seedlings

2
143.70b

207.22a

141.92b

198.90a

097.68c
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rate between using alfalfa and lubia powder as crop residue

and also between clean cultivation and alfalfa seedlings;

however, the former two treatments resulted in significantly

higher values than the later two treatments.

All differential treatments resulted in significantly

greater values of leaf area than using lubia seedlings as

intercrops with banana suckers (Table 22).

Significantly greater values of leaf area were associated

with application of alfalfa powder as crop residue compared to

the other treatments. Using lubia ppwder resulted in

significantly greater value of leaf area than clean

cultivation or alfalfa seedlings.

4.5.4 Nutrient elements contents of leaves:

4.5.4.1 Nitrogen (N) content:

All differential treatments resulted in significantly

higher leaf-N content than clean cultivation (Fig. 42). There

were no significant differences in leaf-N contents between

alfalfa and lubia intercrops and also between alfalfa and

lubia powder used as crop residue; however, significantly

higher leaf-N contents were detected in the former two

treatments than the later two treatments.

4.5.4.2 Phosphorus (P) content:

All differential treatments resulted in significantly

higher leaf-P contents than lubia intercrops (Fig. 43).
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FIG (42j IMPACT OF INTERCROPPING AND CROP RESIDUE ON
NITROGEN (N) CONTENT OF LEAVES OF BANANA SUCKERS

(NURSERY FEB. - JULY 1995)

N(%)



PHOSPHORUS (P) CONTENT OF LEAVES OF BANANA SUCKERS
(NURSERY FEB. ~ JULY 1995)

P(%)
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Planting alfalfa seedlings as intercrops with banana suckers

resulted in significantly higher leaf-P content than the other

treatments.

No significant differences were noted in leaf-P contents

between alfalfa and lubia powder when used as crop residue;

however, these two treatments resulted in significantly higher

leaf-P content than clean cultivation.

4.5.4.3 Potassium (K) content:

The data in Fig. 44 revealed that there were no

significant differences in leaf-K contents between all

differential treatments.

4.5.4.4 Calcium (Ca) content:

Clean cultivation and planting lubia seedlings as

intercrops resulted in significantly lower leaf-Ca contents

than the other treatments (Fig. 45). Significantly higher

leaf-Ca content was associated with using alfalfa powder as

crop residue than the other treatments. Using alfalfa

seedlings as intercrops resulted in significantly higher leaf-

Ca content than application of lubia powder as crop residue.

4.5.4.5 Magnesium (Mg) content:

All differential treatments resulted in significantly

higher leaf-Mg contents than clean cultivation (Fig. 46).

There were no significant differences in leaf-Mg contents

between using alfalfa seedlings and lubia powder and also
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FIG (44) IMPACT OF INTERCROPPING AND CROP RESIDUE ON
POTASSIUM (K) CONTENT OF LEAVES OF BANANA SUCKERS

{NURSERY FEB. - JULY 1995)
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FIG (46) IMPACT OF INTERCROPPING AND CROP RESIDUE ON
MAGNESIUM (Mg) CONTENT OF LEAVES OF BANANA SUCKERS

(NURSERY FEB. - JULY 1995)

Mg(%)



between alfalfa powder and lubia seedlings; however,

significantly higher leaf-Mg contents were associated with the

former two treatments than the later two treatments.

4.5.4.6 Micronutrients:

Impact of intercropping and crop residue on manganese

(Mn), iron (Fe), zinc (Zn) and copper (Cu) contents of leaves

of banana suckers grown under nursery conditions are presented

in Table 23.

All differential treatments resulted, in significantly

higher leaf-Mn contents than clean cultivation. There were no

significant differences in leaf-Mn contents between using

alfalfa seedlings, and lubia powder and also between alfalfa

powder and lubia seedlings; however, significantly higher

leaf-Mn contents were associated with the former two

treatments than the later two treatments.

Significantly lower leaf-Fe content was associated with

lubia seedlings used as intercrops compared to the other

treatments.

The differences in leaf-Fe content between clean

cultivation and lubia powder treatments were not significant;

however, these two treatments resulted in significantly higher

leaf-Fe contents than alfalfa seedlings used as intercrops.

Planting lubia seedlings as intercrops resulted in

significantly higher leaf-Zn content compared to the other
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Table 23: Inpact of intercropping and crop residue on manganese
(Mn), iron (Fe), zinc (Zn) and copper (Cu) contents of
leaves of banana suckers
(Nursery Feb.-July, 1995)

ppm-dry weight
Treatments Mn Fe Zn Cu

z
Clean 185.0c 226.0b 23.3c 04.50d
cultivation

Alfalfa 235.0b 242.0a 25.7b 12.50a
powder

Alfalfa 314.5a 184.0c 25.4bc 09.0b
seedlings

Lubia 308.5a 229.5b 25.4bc 07.5c
powder

Lubia 240.0b 161.Od 30.0a 12.0a
seedlings

cv%

SE±

005.

003.

83

74

004.

' 002.

93

52

10.

00.

18

66

20

00

.17

.46

Z: Letters in columns indicate mean separation by Duncan's

multiple range test at 5% level.
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treatments. Significantly higher leaf-Zn content was

associated with alfalfa powder used as crop residue compared

to alfalfa seedlings, lubia powder and clean cultivation

which, in turn, showed no significant differences in leaf-Zn

contents between them. However, the lowest leaf-Zn content was

associated with clean cultivation.

All differential treatments gave significantly higher

leaf-Cu contents than clean cultivation. The differences in

leaf-Cu contents between using alfalfa powder and lubia

seedlings were not significant; however, -these two treatments

gave significantly higher leaf-Cu contents than the other

treatments. Significantly higher leaf-Cu content was

associated with alfalfa seedlings used as intercrops compared

to lubia powder.
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CHAPTER FIVE

DISCUSSION



CHAPTER 5

DISCUSSION

In this study, five experiments were conducted under both

orchard and nursery conditions to evaluate the response of

banana plants to foliar application of different foliar

fertilizer materials, intercropping and application of crop

residue.

In the first experiment, the effect of foliar application

of different concentrations of potassium solution (38%) on

growth, number of days from planting to shooting (flowering)

and from shooting to harvesting, nutrient elements contents of

leaves, yield and yield components and fruit quality was

studied.

Potassium is an important element to the banana nutrition

because of the presence of high concentrations of this element

in all banana tissues. This information encouraged the

addition of potassium to banana soils low in available-K and

the response of banana to K-applications of both soil and

leaves has been observed for many years. The results obtained

from this study clearly showed the response of banana plants

to foliar application of different concentrations of K-

solution. Working with banana plants, Mustafa (52) reported

higher increases in plant height and pseudostem girth

measurements as a result of soil application of different

rates of potassium than the control. More or less, similar
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findings were also presented by other researchers working with

different plant species (40, 12, 68). The results of this

study revealed that foliar application of the lowest

concentration (K^) resulted in the greatest values of all

growth parameters in both plant crop and the first ratoon crop

compared to the other treatments. On the other hand, foliar

application of the highest concentration (Kj) was associated

with the lowest increases of the above-mentioned parameters in

most cases. This might be due to the fact that the highest

concentrations was associated with leaf burning effect during

the early stages of the banana plants. In this context,

Reuther and Smith (64) working with Valencia orange observed

the occurrence of characteristic type of leaf burn from

excessive absorption of potassium.

The data also indicated that plants treated with the

lowest concentration (Id ) took less days from planting or the

emergence of the first ratoon crop to shooting and from

shooting to harvesting of both plant crop and the first ratoon

crop compared to the other treatments which required

relatively more days in both cases. This might be attributed

to the fact that plants treated with the lowest concentration

grew faster, hence required less time to flower and mature.

The results from this study, revealed that, foliar

application of all concentrations resulted in relatively

higher leaf-N, P, K, Ca., Mg, Mn, Fe, Zn and Cu contents in
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both plant crop and the first ratoon crop than the control.

This could possibly be due to the fact that foliar application

of potassium enables the plants to absorb more nutrients from

the soil which, as a result increased the nutrient elements

contents of leaves. Houug et al. (36) compared leaf-K content

of bananas grown with four annual rates of potassium

application in a K-deficient soil. They found that there were

an increase in leaf-K content as a result of fertilizer

application. However, these findings did not agree with the

data presented by other researchers (34, 50) working with

different fruit trees who stated that potassium applications

did not affect the leaf nutrient elements contents. These

differences in the results might be attributed due to

difference in plant species, soil, climatic conditions and

fertilizers used.

The results clearly showed that all concentrations of

potassium gave greater increases in yield and yield components

and finger characteristics of both plant crop and the first

ratoon crop over the control. In agreement with these findings

were those reported by Mustafa (52) who found greater bunch

weight and higher yield percentage in 'Hill' bananas treated

with potassium fertilizers than the control. More or less,

similar observations were noted by Abdalla et al. (1) working

with mature date palm trees, Gonzalez et al. (34) working with

Valencia "Late" orange and Verma and Nijjar (78) working with
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"Perlette" grape vines. The findings of this study revealed

that the greatest values of the above-mentioned yield comp-

onents were associated with the lowest K-concentration (K̂  )

followed by K2 and then Kj . This might be due to the fact that

application of Kj stimulated greater values of growth

parameters studied and, therefore, resulted in greater values

of yield components than the other treatments.

In general, it was evident from this study that banana

plants tended to respond to the foliar application of

potassium solution as expressed by greater, increases in growth

parameters, higher nutrient elements contents of leaves and

greater values of yield and yield components of treated plants

compared to the control.

In the second experiment, different foliar fertilizer

materials namely, Compound Cryst, Fetrilon Comb-2 and X-Garden

were used to study the effects of these fertilizers on growth,

number of days from planting to shooting (flowering) and from

shooting to harvesting, nutrient elements contents of leaves,

yield and yield components and physical fruit characteristics

of banana plants.

The results obtained from this experiment clearly

indicated that all fertilizer materials tested gave greater

increases in over all growth parameters and reduced the time

from planting to flowering and from flowering to harvesting of

both plant crop and the first ratoon crop of banana compared
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to the control. These results confirmed those reported by

Bakhiet (7) and El-amin (22) working with banana plants and

other researchers working with different plant species (11,

19, 70). The greatest values of the above-mentioned parameters

were associated with Compound Cryst treatment followed by

Fetrilon Comb-2 and X-Garden. This might be due to the

differences in the composition of these fertilizer materials

because Compound Cryst contained NPK in its composition which

are the most important nutrients for plants.

Foliar application of all fertilizer materials resulted

in higher values of leaf-N, P, K, Ca, Mg, Mn, Fe, Zn and Cu

contents of both plant crop and the first ratoon crop of

bananas over the control because the fertilizer materials

contained these nutrients in their composition. These findings

supported those reported by both Bakhiet (7) and El-amin (22)

working with banana plants and other researchers working with

different plant species (19, 38 and 70). With respect to

nutrients, no single fertilizer material had a superior effect

on others in leaf-macronutrients; however, each fertilizer

material tended to result in a higher leaf content of a single

element over the other fertilizers and this could possibly be

due to variation in the composition of these fertilizer

materials.

The data revealed that there was a response of banana

plants to the foliar fertilizer materials in terms of yield
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parameters as reflected by greater values of bunch weight,

potential yield, fruit lengths and other yield components of

treated plants of both plant crop and the first ratoon

compared to the: control. These results were in general

agreement with those observed by many researchers (59, 58, 22,

and 7) working with different plant species. The greatest

values of the yield .and yield components were associated with

Compound Cryst treatment and this might be due to the fact

that this fertilizer material gave greater increases in

overall growth parameters over the other fertilizer materials.

Nitrogen, phosphorus and potassium are essential sources

of plant nutrients. They are often taken by plants in large

amounts and most fertilizer added to the soil or applied as a

foliar have one or more of these three elements as major

components. Adequate and balanced use of these elements is

essential for successful growth. In this respect, the third

experiment was conducted to evaluate the influence of foliar

application of different fertilizer materials containing

different combinations of NPK on growth and nutrient elements

contents of leaves of banana suckers grown under nursery

conditions.

. The results showed that application of the fertilizer

materials resulted in significantly greater increases in plant

height, pseudostem girth, number of leaves, leaf area, fresh

and dry weights and relative growth rate than the control.
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These findings are in general agreement with those reported by

other researchers working with different plant species in

different locations (26, 30, 61, 69, 45 and 38). Application

of T2 (NI5 PJJ KJJ) or T5 (Nj5 P$ K2g) was associated with

significant increases in overall growth parameters taken

throughout the experimental period compared to T, (N^ P^ % )

or Tj (r̂ j Pj K̂ c ) . This shows that the response of banana

plants in all aspects of growth parameters was more clear with

the fertilizer materials which contained relatively higher

levels of nitrogen in their composition (T, and Tc) because

nitrogen is very important in growth and development of

plants. In close agreement, Tingwa (76), working with banana

plants presented superior increases in plant height,

pseudostem girth and number of leaves produced in treatments

containing the highest level of nitrogen. Similarly,

Chattopadhyay and Bose (13) observed significant increases in

plant height, pseudostem diameter and number of leaves of

banana plants as a result of application of the highest rate

of NPK than other treatments.

The results clearly revealed that foliar application of

the NPK fertilizer materials resulted in significantly higher

leaf-N, P and K contents over the control. This might be due

to the fact that these elements were the ingredients of the

fertilizer materials. These findings concurred with those

observed by many researchers working with different plant
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species (80, 63, 32, 62, and 45). It was clear from this study

that foliar application of the fertilizer materials had an

effect on the uptake and functioning of the other nutrient

elements. This was demonstrated by the detection of relatively

higher leaf-Ca, Mg, Mn, Fe, Zn and Cu contents in the treated

plants compared to the control. This shows the importance of

application of NPK fertilizer to plants.

In the' fourth experiment, Ni5 Pjg Kjg—fertilizer material

which resulted in the best results among the other fertilizers

was used to study the effect of foliar application of

different rates on growth characteristics and nutrient

elements contents of leaves of banana suckers grown under

nursery conditions.

The results from this work revealed that foliar

application of all concentrations gave greater increases in

overall growth aspects studied compared to the control. These

results are, more or less, similar to those noted by several

researchers working with different plant species (26, 61, 13

and 45). The greatest values of the growth parameters were

recorded with T2 (20 gm/L) or T3 (40 gm/L) and as the

concentration increased up to T| (80 mg/L) the values of all

these parameters tended to decrease. These results supported

those obtained from the previous experiment whereby

application of 20 grams of each fertilizer material gave

greater values of all growth parameters over the control. This
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point, where the response was the highest could possibly be

the optimal level for growth of suckers under the conditions

of this experiment. In this context, Bakhiet (7) observed

greater increases in overall growth parameters of bananas due

to application of the lowest rate of N-. K< while the highest

rate (K^ ) depressed all these parameters.

.The results from this study showed that foliar

application of TV or Ti stimulated high leaf-N contents over

T^ and the control (T^). The least value of leaf-N content was

noticed with T̂  (the highest concentration) compared to the

control. This might be due to the antagonism between

phosphorus and nitrogen where T,-treated plants contained the

highest value of leaf-P content and the lowest leaf-N content.

In this aspect, Maatouk et al (45) working with lime trees

stated that increasing phosphorus level decreased leaf-N and

K contents and increased all other parameters studied. The

treatments tended to have little or no effect on leaf-K and Ca

contents. The data also revealed that application of all

concentrations resulted in higher leaf-Mg, Mn, Zn and Cu

contents over the control. More or less, similar findings were

noted by several investigators working with different plant

species (SO, 63 and 62). The highest values of. these elements

were found in suckers treated with Tj followed by T-j and then

T^-treatments. This might be attributed to the fact that T2-

treated plants showed the best results in growth. On the other
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hand, significantly higher leaf-Fe content was noted with the

control than the other treatments.

Intercropping is the growing of two or more crops

together in a piece of land with the purpose of obtaining

higher total economic returns. Plants grown in association

compete for light, water, minerals and some inhibit seed

germination and growth of neighboring plants releasing a

variety of toxic chemicals, sometimes called allelochems which

are released by volatilization, leaching, exudation from roots

or decay of plant tissues as stated by Rice (66). Many

researchers investigated the direct or indirect harmful

effects that one plant has on another. Most of these studies

concentrated on yield production. No available data was found

on the effect of intercropping at seedling stage. In the fifth

experiment, the impact of intercropping and application of

crop ' residue on growth parameters and nutrient status of

leaves of banana suckers grown under nursery conditions was

studied.

The results from this experiment revealed that

application of either lubia or alfalfa powder as crop residue

resulted in greater increases in plant height, pseudostem

diameter, number of leaves, fresh and dry weights, relative

growth rate and leaf area over the other treatments. This

might be due to the fact that crop residue tended to improve

soil structure by adding organic matter and nitrogen into the
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soil and enabling the suckers to take sufficient nutrients for

their growth. On the other hand, growing of alfalfa and lubia

seedlings around the banana suckers depressed the values of

all the above-mentioned parameters. This shows that the

seedlings of both crops might compete with each other or have

an allelopathic effect on banana suckers. In this context, El-

amin (22) reported smaller increases in all measured growth

parameters of banana plants which were intercropped with

alfalfa plants. More or less, similar findings was observed by

Bakhiet (7) studying the response of bananas to intercropping

of alfalfa, lubia and fenugreek. He found that clean

cultivation was associated with relatively greater values of

these parameters compared to plants which were intercropped

with banana plants. Banana suckers grown with lubia seedlings

were affected severely in each case than those grown with

alfalfa seedlings. The possible explanation is that lubia

seedlings have longer roots than alfalfa seedlings and this

enables them to compete more for water and nutrients compared

to alfalfa seedlings.

The results indicated that growing of both alfalfa and

lubia seedlings with banana suckers and their application as

crop residue resulted in relatively higher leaf-N, Ca, Mg, Mn,

Zn and Cu contents over the clean cultivation. The highest

leaf-N content was found with banana suckers grown with either

lubia or alfalfa seedlings. This might be due to the fact that
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the powder of both alfalfa and lubia contained nitrogen in its

composition whereas their seedlings tended to utilize the

atmospheric nitrogen by the process of nitrogen fixation from

which banana plants could also benefit. The highest leaf-P

content was recorded with banana suckers grown with alfalfa

seedlings. The treatments showed little or no effect on leaf-K

content. This could possibly, be due to the presence of high

levels of potassium in the banana tissues. The least values of

leaf-P and Fe contents were observed with lubia intercrops.
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Summary:

The following summary and conclusion could be drawn from

this study:-

1. Orchard Experiment No. 1:

1.1: Generally, foliar applications of all concentrations of

potassium solution (38%) resulted in greater values of

plant height, pseudostem girth and number of leaves of

both plant crop and the first crop of_bananas than the

control. The greatest values were associated with the

lowest concentration.

1.2: Application of Ki or K, concentration reduced the time to

flowering and harvesting of both plant crop and the first

ratoon crop compared to K3 or the control (KQ).

1.3: Generally, foliar applications of all concentrations gave

higher leaf-N, P, K, Ca and Mg and microelements contents

over the control.

1.4: All concentrations were associated with higher values of

yield and yield components in both plant crop and the

first ratoon crop compared to the control. The highest

values were noted with K, or Kj . Application of either Kj

or Kj gave greater values of finger samples tested than

the other treatments. No significant differences were

noted between the differential treatments in fruit
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2. Orchard Experiment No. 2:

2.1: Generally, all foliar fertilizer materials resulted in

greater increases in overall growth parameters measured

throughout the experimental period from both plant crop

and the first ratoon crop than the control. The highest

values were noted with Compound Cryst, followed by

Fetrilon Comb-2 and then X-Garden.

2.2: All fertilizer materials tended to reduce the time from

planting to shooting and from shooting to harvesting of

both plant crop and the first r-atoon crop. The best

response was noticed with Compound Cryst treatment.

2.3: Foliar application of the different fertilizer materials

increased leaf contents of N, P, K, Ca, Mg, Mn, Fe, Zn

and Cu than the control.

2.4: Generally, all fertilizer materials resulted in greater

values of yield and yield components and finger lengths

of both plant crop and the first ratoon crop compared to

the control. The best response was associated with

Compound. Cryst treatment. No significant effects on fruit

curvature were noted between the treatments.

3. Nursery Experiment No. 1:

3.1: All fertilizer materials gave significantly greater

values of growth parameters in terms of plant height,

pseudostem girth, number of leaves, leaf area, and
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relative growth rate over the control. The highest values

were recorded with T2 (N,, P13 K;3) and T5 (N15 P̂  K2Q) .

3.2: Application of all fertilizer materials resulted in

greater increases in total fresh and dry weights and

those of different plant tissues compared to the control.

The highest response was found with application of either

T2 or T;. " •

3.3: Generally, all fertilizer materials resulted in higher

leaf-N, P, K, Ca, Mg, Mn, Fe, Zn and Cu contents than the

control. The highest ieaf-N, K r Ca, Mn, Zn and Cu

contents were found with T7 application whereas the

highest leaf-Mg and Fe contents were associated with T̂

application and the highest leaf-P content with T< .

4. Nursery Experiment No. 2:

4.1: Generally, foliar applications of different

concentrations of the N,., Pj:- K,.g fertilizer material

resulted in greater increases in overall growth

parameters studied compared to the control. The least

values were recorded with the highest concentration (Tj ) .

4.2; Generally, all concentrations gave greater values of

total fresh and dry weights and those of leaves,

pseudostem, roots and corm of banana suckers than the

control. The least values were noted with the highest

concentration ( T, ) .
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4.3: Generally, foliar application of all concentrations

resulted in higher leaf-N, P, K, Ca, Mg, Mn, Zn and Cu

contents than the control. The highest leaf-N, Mn, Zn and

Cu contents were recorded with Tj concentration.

Application of the highest concentration {T̂  ) resulted in

higher leaf-P content. The highest leaf-Fe content was

associated with the control (Tj).

5. Nursery Experiment No. 3:

5.1: Application of both lubia and alfalfa powder as crop

residue resulted in significantly greater increases in

plant height, pseudostem girth, number of leaves,

relative growth rate and leaf area compared to the other

treatments. On the other hand, growing of both lubia and

alfalfa seedlings with banana suckers depressed all

growth parameters recorded compared to clean cultivation.

The least values were noted with lubia intercrops.

5.2: Generally, application of either lubia or alfalfa powder

as crop residue to banana suckers associated with greater

accumulation in total fresh and dry weights and those of

different plant parts than the other treatments. The

least values of the above-mentioned parameters were

associated with banana suckers grown with lubia

seedlings.
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5.3: Generally, all treatments resulted in higher leaf-N, Ca,

Mg, Mn, Zn and Cu contents over the control. The highest

leaf-N content was found in banana suckers grown with

either lubia or alfalfa seedlings. The least values of

leaf-P and Fe contents were observed with banana suckers

grown with lubia seedlings.

Conclusion:

1. The results from this study showed that the banana plants

responded to various rates of potassium. However, further

investigation is needed to ascertain the optimal rate of

potassium to be applied and also the time of application.

2. Use of foliar fertilizer materials under orchard

conditions improved banana plants and this was reflected

in higher values of growth, yield and yield components

and nutrient status of leaves. More research work is

needed to ensure the value of each fertilizer material.

3. Banana suckers tended to respond positively to fertilizer

materials containing NPK. Therefore, it is necessary to

conduct fertilizer experiments with NPK in different

combinations, over a range of environmental conditions to

establish the correct and balanced use of these essential

elements in both nursery and orchard conditions.

4. The results from the present study revealed the

importance of foliar application of Ni5 P^ KiS fertilizer
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material to banana suckers under nursery conditions.

Therefore, further attempts should be made to transfer

the results obtained under nursery conditions and to be

tested under orchard conditions.

Addition of both lubia and alfalfa powder improved growth

and nutrient status of leaves of banana suckers.

Therefore, in order to promote greater use of locally-

available resources, it is better to utilize crop residue

as a source of plant nutrients.

Intercropping (planting alfalfa and Lubia seedlings with

banana suckers) had an adverse effect on overall growth

parameters of banana suckers grown under nursery

conditions. Therefore, considerable research efforts

should be geared towards studying the effects of

intercropping on growth, yield and yield components,

fruit quality and nutrient elements compositions of

banana plants grown under orchard conditions.
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