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ABSTRACT 

A field experiment was carried out 111 sandy 
soil to elucidate the possibilIty of using chloride 
form as a partial source for potassium in fertiga­
tion of banana plants grown on a sandy soil. 
Growth, frUIt yield and quality as well as plant 
nutritional status and CI accumulation within both 
plant leaves and rhizosphere beside an economical 
elucidation were taken in to consideration to ac­
complish such evaluation. Eleven gradual increas­
mg KCi: KN03 (0: 100 - 100:0) ratios were applied 
with maintaining the concentration of all macro 
and micro nutrients except Cl constant Obtained 
data indicated that increasing CJ existence didn't 
adversely affect plant growth under this expen­
ment Treatments of 10:90 followed by 5050 as 
weil as 7030 followed by 80:20 and either 90: ,0 
or 10:90 (KCi:KN03) were most stimulating 
treatments for 1I1creasing pseudo stem diameter 
and Jeaves number, respectively. Although total 
fruit yield bunch as weB as number and length of 
fingers are less sensitive to increasing KCI:KNO, 
ratio, number of hands/bunch and diameters of 
fingers were significantly and pOSitively affected 
by increasing KCl existence, Treatment of 8020 
KCi:KN03 was the most significant superior one 
for all me<::;uleli l'lUit yi:;;\d parameters. Although 
Ci content increased significantly in banana leaves 
and root surrounding area WIth Increasing CI eXIs­
tence in the fertigation solutions, recorded con­
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tents seemed to be in safe ranges whereas 110.(:l1iO­

ride necrosl:s symptoms wne appeared at bLlI1unu 
leaves, Contents of N, P ami K as weil as C' Hl 

plant ieaves were significantly, although in fluctu­
ating manner, affected by increasing chloride oc­
currence 111 fertigation solution. The encountered 
response of N, P and K contents seemed to be not 
only a resultant of II1creasing CI occurrence in the 
root media but also as a reflection to changing the 
N form (NH.j and urea) compensating N-NO, de·· 
cline in the tertigation solutions having high CI 
concentrations. The relatively high supplenH.:nts or 
C! (80:20 followed by 70:30 KCI: KNO,) recorded 
the highest economical net return. It eouid be Clll1­

cluded that KCI can be perfectly used ill fertigut­
ing banana plants grown on sandy soils. To in­
crease safety of using chloride under such condi­
tions, more work could be suggested particularly 
what concerns with calculating irrigation ami 
leaching water requirements to prevent chionde 
acci.lll\uialion In tlie root zone 

INTRODUCTION 

Although potassluill (h) liLlsn'l been r..:~)uned 

yet to playa direct role in plant cell structure. it is 
considered as a fundamental macro nutrient ;n 
plant nutrItIOn. Plants generaliy and banana trees 
particularly require high amounts of K to assurt 
syntheSIS, transportation and accumulation of sug­
ars and subsequently allowing frUit lili and yield 
accumulation. Such High Otll1ands increase when 
tne cultivated suil is poor in K as known for jhe 
sandy soiis (Lopez and Espinosa, 1998). TilL 
most common sources of potassium for tertigat Ion 
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to horticultural crops as banana trees are potas­
sium chloride (KCl), potassium sulfate (K2S04) 

and potassium nitrate (KN03). Suitability of K 
fertilizer is usually limited by its price, solubility, 
accompanying anion and ease of use. PotassIUm 
nitrate although acceptable in theory, is scarcely 
ever used as a sole K source due to its high cost 
per K unit and liability to lose by leaching. Potas­
sium sulfate, however, has less cost compared to 
potassium nitrate but scarcely ever used also in 
fertigation due to Its low solubIlity and capability 
of admixing with Ca and Mg fertli)zers and LlSU­

any causes emitter clogging. On contrast, KCI is 
not only the cheapest source for K fertigation, but 
also the most soluble one 04% at 20 Co ) com­
pared to 31 % and i! % for KNO, and K 2S04 • re­
spective!y and has the highest K content (62% 
K20 compared to 46% and 48% for KNO, and 
K2S04, respectively (Wolf et al 1985) Chloride 
IS an essential plant nutrients involved 111 several 
processes taking place 111 the plant bioactivities 
including osmotic regulation, photosynthesis by 
evolution of oxygen in plant system, enzyme acti­
vation and transportation of other plant nutrients 
plant development, lodging prevention and disease 
suppression (Freeman et al 2006). On the other 
hand, the most negative critical disadvantage for 
KCi use in fertigation is the chloride toxicity par­
ticularly for sensitive and relatively sensitive 
plants like banana ones (Marschner. 1995). 

Therefore, the main aim of this study was to 
evaluate the gradual increase in using KCI as 
compensate for KNOJ in the fertigation solutions 
used for banana plants grown on a sandy soil 
Such evaluation was designed to be accomplished 
via evaluation of plant growth, fruit yield and nu­
tritional status of banana plants as well as chloride 
ion accumulation in both plant leaves and 
rhizosphere. 

MATERIALS AND METHODS 

This field experiment was conducted during 
the banana production season of 2005-2006 in a 
sandy soil at the south El-Tahreer Provenance 
(110 km North West of Cairo), The plant spacing 
was 3.5 m between each two rows and 3 m be­
tween each two mats to allow 400 mats/ fed The 
experiment area was divided into 33 rows (10 
mats/raw) containing 25 suckers/ row for the first 
ratoon plant (2 or 3 suckers per each mat). Each 
three rows represented three replicates for each 
treatment. The experimental rows were arranged 
in the field according to the complete randoi1uzed 

design (CRDl Fertigation treatments were applied 
at the followmg 1J combination ratios of K-KCI. 
K-KNO,. The ratios were 0: I00, 10:90, 20:80, 
3070. 40.60, 50:50, 60:40, 70:30, 80:20, 90: 10 
and i 00:0 relative to i 00% of K requirement dur­
ing the growth season, Solutions of indlcah:d 
treatments contained finaiiy 0, 9, 18, n. 36, 45, 
54,63,72, 81, and 90 mg ClIl, respecliveh Ali 
banana plants under investigation received irriga­
tion water containing sum of 380kg; N!fed, .'i4kg 
P]Oy'fed and 63': kg K20lfed throw the whok 
growth "eason To mamtam N concentration con­
stant in all designed treatment solutions. CaNO" 
NH4NO, as well as Urea were included particu­
larly when CI existence incn:ased. Soil sJmples 
v-ere cuiieetcd li-')I11 the <,uri;;:.>.: and subsurJ;l\:e 
layer, (0-30 and 30-60cm. re<,pectively) at the <,tart 
ot the experiment and subjected (0 determination 
of some physical and chemical properties aCl:urd­
ing to Jackson (1973) as shown in Table (I). AIi­
uther soli sampling was done at the end of growth 
season to evaluate chlonde accumulation in the 
root zone Samples of plant leaves samples were 
callened at flowering stage and oven dried at 70 
Co to be then milled and wet digested llsing 
H2S04-H 20 2 method (Cottenie et al 1982). Con­
tents of N, P and K were measured in the obtained 
digests accordmg to ICottenie et al 1982). Num­
ber of leaves and pseudostem diameters of treated 
banana plants were recorded monthly to expr-:ss 
growth status as described by Oeolankar ,Ind 
Firake (2001). At harvest, bunch weight, number 
of hands/ bunch, number of fingers! hand as well 
as diameter and length of fingers were recorded to 
express production and quality offruit yield. 

RESULTS AND DISCUSSION 

Accumulated changes in the diameter of 
pseudo stems and number of leaves during 
the growth season of banana plants were culcu­
lated as a response of increasing CI concentration 
in the fertigation solutions Table (2). Data show 
that increasing KCI up till 50 % of K requirements 
(50: 50 KCI: KNOJ) did not only increase signifi­
cantly the diameter of pseudo stems but also al­
celerated the response from the beginning of 
growth season particularly at June month; trcat­
ments of 70:30 and 90:!0 KCI:KNO, ratio had 
also a similar trend. Using KNOJ or KCI ulonc us 
a sole source for K fertigation proved to be sig­
nificantly inferior for growth of banana stcms. A 
similar trend was also encountered for the re­
sponse of number of leaves where superiority was 
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Table 1. Some Characteristics of cultivated SOl]. 
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Table 2.	 Effect of KCLKN03 combination ratio on accumulated changes in banana pseudo stem diameters and Leaves number during 
growth season and their regression indices ~ 

o 

a) Accumulated changes in pseudo stem diameters in (em). 

~ 
CT 

C 
::J;<. 
L..o 

~ 
~ ;:;. 
1/) 
n 

v. 
IV 
:;-' 

IV 
o 
o 
-.J 

Months - Days	 Mean PSD 
KCI:KN03 

Apr-O May-30 Jun-60 Jul-90 Aug-120 Sept-150 mean *RC% 

0:100 0.0 3.0 6.2 10.2 14.2 14.2 7.9 G 100 

10:90 0.0 3.7 16.2 21.4 26.7 26.7 15.8 c 198 

20:80 0.0 4.0 11.0 12.1 13.2 13.2 8.9 f 112 

30:70 0.0 4.3 12.5 14.3 0.0 16.1 7.9 G 99 

40:60 0.0 3.3 6.3 9.2 12.0 12.0 7.1 H 90 

50:50 0.0 5.0 20.2 22.7 25.2 26.2 16.5 A 208 

60:40 0.0 3.7 10.3 12.1 14.0 14.0 9.0 f 113 
I 70:30 0.0 6.7 18.0 21.4 24.8 24.8 16.0 B 201
I 

80:20 0.0 5.3 14.0 14.7 15.3 15.3 10.8 [ 136 

I 90:10 0.0 8.3 20.2 21.4 22.7 23.3 16.0 B 201 

I 
! 

100:0 0.0 4.7 10.8 15.8 20.7 20.7 12.1 D 152 

* RC%=relative change as calculated as a percentage of that of 0: 100 KCI: KN03 treatment.
 
- Values having the same letters within a column are not significantly different at 5% confidence level.
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b) Accumulated changes in leaves number 

----_ .. _-- ------ - ­

I	 Months - Days Mean LN J 
- ----- ---------- - ----~------,-- ---'--_._._-'-- ­KCl:KN03

I Apr-O May·30 1un-60 1ul-90 Aug-12~-----~;rlt-ls~;--~--:e:~~=_~;~o/~J 
0:100 0.0 2.3 6.3 I LO 15.7 I S.7 8.5 E 100 

10:90	 0.0 3.3 8.3 12.3 16.3 16.3 9.4 B III 
tTl 

20:80 0.0 3.0 8.0 11.3 14.7 14.7 8.60 101	 < 
~ 

>	 ~ .... 
~	 30:70 0.0 3.0 8.0 120 16.0 16.0 9.2 C 108 ~ 
cr o' 
C	 40:60 0.0 3.3 8.3 11.0 13.7 13.7 8.3 F 98 o 
o	 o.....,;::. 

(")50:50 0.0 3.0 8.0 12.0 16.0 16.0 9.2 C 108 =­~	 0'....:>	 60:40 00 3.0 8.0 11.2 14.3 14.3 8.5 E 100 
(J<:;.., ~ n'	 70030 0.0 3.0 8.0 12.7 17.3 17.3 9.7 A 114 0' 
,..,	 .., ..,C/)	

80:20 0.0 -'.j 8.3 12.3 ]6.3 16.3 9.4 B 111 3 
0'

,-.. 
90:10 ]6.3 IIIV>	 0.0 3.3 8.3 12.3 16.3 94 B 

..., 
g­

~	 100:0 00 3.3 8.3 10.8 13.3 14.0 83 F 98 ~ 
o 

Iv 
p:~o ...,.o 

-..)	 n'* RC%=reJative Content as calculated as a percentage of that of 0: 100 KCf: KN0 3 treatment.	 ;:l
OC'-Values having the same letters within a column are not significantly different at 5~'o confidence level. 
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Cant. Table 2. 

c) Simple regression indices for pseudo stem diameters (PSD) and leaves numbers (LN) of banana plants 

KCI:KNO) 
Pseudo stem diameter in em (SD) 

Intercept Slope R2 Intercept 

Leaves number (LN) 

Slope R2 

0:100 
---,,------­

6_6 7.04 0.96 3.8 
---­

3.51 0.97 

10:90 I L4 13.61 0.92 3.0 3.56 0.96 

20:80 2.6 3.19 0.95 2.6 3.19 0.95 

30:70 7.9 11.00 0.62 3.1 3.51 0.96 

40:60 4.0 5.78 0.96 1.9 2.91 0.94 

50:50 6.6 12.78 0.86 3.1 3.51 0.96 

60:40 2.4 3.11 0.95 2.4 3.11 0.95 

70:30 5.2 11.94 0.89 3.7 3.84 0.96 

I 80:20 0.0 7.07 0.77 3.0 3.56 0.96 

90: 10 0.4 10.59 0.80 3.0 3.56 0.96 
o 
-...J I 100:0 8.0 10.19 0.96 1.9 2.93 0.95 , 

PSD = f (growth period in months) LN = f(growth period in months) 
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significantly recorded for the treatment of 70:30 
followed by 80:20 and 90: JO. Obtained results 
were in agreement with those obtained by Johnes 
and Vimpany (1999) who reported that using KCI 
in banana fertigation didn't cause negative effects 
but, to some extent, encouraged plant growth par­
ticulariy under stressed water regimes and con­
cluded that Ci may enhance water use efficiency 
by banana plants. 

Obtained superiority of some KCl treatments 
was proved through calculating the regression 
coefficients for the response of both pseudo stem 
diameters and leaves nwnber. Although leaves 
number proved to be less sensitive than stem di­
ameter to increasing KCl:KN03 ratio, 10:90 fol­
lowed by 50:50 and 70:30 as well as 70:30 tol­
lowed by 80:20 and either 90: 10 or 10:90 ratios 
were most stimulating treatments for increasing 
stem diameter and leaves number, respectively. 

As response of fruit yield was regarded ob­
tained data (Table, 3) indicated that bunch weight 
as well as number and iength of fingers were less 
sensitive to increasing KCi: KNO J ratio. Number 
of hands/bunch and diameter of fingers were sig­
nifi.cantly more positively sensitive to increasing 
KCl existence. Treatment of 80:20 KCI: KN03 
proved to be the most significant superior one for 
all measured yield parameters. These findings 
were not surprised where in a previous study for 
strawberry plants under same conditions carried 
out by Ibrahim et (II (2004) revealed that increas­
ing KCL NO) uptill 50 days 70:30 in the fertiga­
tion solutions did not substantially inhibit but rela­
tively increased growth and fruit yield of straw­
berry plants Of course, as we!; Known, due to the 
high salt and chloride sensitivity of ~trawberry, 

compared to banana plants, the encountered toler­
ance of banana plants to increasing chloride exis­
tence seemed to be reasonable and logic. Similar 
patterns for the effect of KCl fertigation on yield· 
of some crops were previously obtained by several 
authors; some of which are Ibrahim, 1992 for 
tomato plants; Ibrahim et u/ 1995 for strawberry 
plants. Such positive action encountered for chlo­
ride may be attributed to enhancement of water 
upward mo'!,::ment within plants which, of course, 
plays an important role in transiocating the assimi­
lated nutrients within plant tissues resulting in a 
good distribution of the assimilates particularly 
sugars and other carbohydrates to fruits to cause 
finally good filling of yield banana bunches. 

Data in Table (4) show the response of N, P 
and K as well as Ci contents to increasing ratio of 
KCI: KN03 in fertigation solutions. In this con­

cern, P content in banana leaves was stimulated 
significantly as the CI existence in the nutrient 
solution increased. The ratio of 70:30 followed by 
80:20 KCl:KNOJ was the most superior one; op­
posite to that, high and relatively high NOJ exis­
tence in the fertigation solution significantly di­
minished P content in the banana leaves. This, in 
fact, was not unexpected due to what is well 
known about the competition phenomena where 
phosphate ions were found repeatedly to be com­
peted by NOJ'md CI' ions, while and NO,- ions 
are the most competing (Marschner, 1995). in­
corporating NH4 ions in fertigation solutions con­
taining re!tively high Cl concentrations <lppean:J 
somE sort of synergism phenomenon in activation 
of P uptake. Other explanation to this pattern may 
be related to the positive role of CI" ions in en­
hancing the transpiration upward stream ...within 
plant xylem, (Imas and Magen, 2004). 

Contents of Nand K, however, showed pat­
terns could be as expected dependent not only on 
the ievel of cr in the nutrient solution but, to large 
exte'lt, on the form of the fenigated N where NH~ 

and/or urea N-forms were incorporated in the irri­
gation solutions to compensate KNO j decreasing 
as the CI existence increased. !n other words, at 
low CI existence (high NO~ existence), Nand K 
contents in piant leaves were significantly high 
compared to treatments containing high CI exis­
tence (low NO] presence meaning high NH.j occu­
pation) The highest existence of NO, and ['I was 
inferior to nutrient content particularly K and P ill 
case of 100% NO) as well as N in case of lOO~'uCL 

In fact, such tluctuated patterns may be reiateu 
again to the physiological influences of the I~'J-N 

form. Form of NO, usually increases pi j v( 

rhizosphere vi;) extrusion of Olf ions which (k­
cline the uptake of phosphorus and potassium 
(Marschner, 1995). 

Opposite to the fluctuated response of N, K 
and to sQme extent P and Cl contents in banana 
leaves increased gradually and significantly as Ci 
existence in Il:rtigation solutions increased. A1­
though high ratio of KCl:KNOJ treatments re­
sulted in relatively high contents of Cl, it seemed 
to be still in the normal range. It is worthy to men­
tion that no leaf tip burns were observed on ba­
nana plants throw the whole growth season. COIl­

cerning CI accumulation in plant root zone of ba­
nana as affected by different KCI:KN01 combina­
tion ratios. data in Table (5) showed significant CI 
accumulation in the both testt:d layers with in· 
creasing C1 concentrations in irrigation water. This 
increa~e was more pronounced in the surfac:: soi! 

Arab Univ. J. Agric. Sci., i 5(2), 2007 



Table 3. The effect of KCI:KN03 combination ratio on some fruit yield parameters of banana plants 
.j:>. 
IV 
.j:>. 

KCI:KN03 

Bunch weight 
---

Kglbunch ·RC% 

Hand No 

f bunch ·RC% 

Finger No 

f bunch ·RC% fern 

Finger diameter 

·RCO/O 

Finger length 

fcm ·RC% 

I 

_I 
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0:100 
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18.3 B 
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9.00 CD 

9.33 BCD 
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100 

100 
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~ 
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3.85 A 

3.57 ABCDE 

3.64 ABCD 
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116 
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• RCo/a=' relative change as calculated as a percentage of that of 0: 100 KCI: KNO J treatment. 
- Values having the same letter, within a column are not significantly different at 5% confidence level. 



Table 4. The effect 
0 1100=100 

of KCI:KNO, combination ratio on some nutrient contents in banana leaves lamina and its relative to 
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0:100 3.44 BC 100 0.23 EF 100 3.29 G 100 0.86 G 100 

10:90 4.11 A 119 0.23 E 103 4.01 ABC 122 1.0 I F 117 

20:80 3.07 DE 89 0.30 c 132 4.19 A 128 1.04 EF 121 

30:70 3.70 B 0.30 c 133 127 1.10 DE107 4.16 AB 128 

40:60 4.16 A 121 0.22 F 95 3.78 DE 115 1.13 D 13 I 

50:50 3.24 CD 94 0.20 G 88 3.98 BC 121 1.20 c 139 

60:40 2.86 E 83 0.29 c 129 3.60 EF 110 1.19 c 139 

70:30 3.62 B 105 0.36 A 158 3.44 FG 105 1.25 BC 144 

80:20 3.08 DE 89 0.35 B 152 3.96 CD 121 J .30 B 150 

90:10 3.57 !I( 104 0.30 C I' , 3.98 B( 121 1.44 A 167.).) 

100:0 2.51 F 73 0.25 0 110 372 E 113 1.44 A 167 
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average 3.40 0.28 3.83 1.18 

·RC~o=relati\c content was calculated as a percentage of that of 0: 100 KCI: KNO] treatment 
- Values ha\-ing the same letter, \\ Ithin a column arc not significantl) different at 5% confidence level 
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Table 5. The effect ofKCI:KN03 combination ratio on chloride accumulation in different soil layers in meq/I 
~ 
tv 

'" 

0-30 em depth 
KCI:KN03 accumulationcr meq/I **RC % cr meq/l

%* 

0:100 0.42 F 100 5.00 0.33 r 

10:90 0.48 EF 114 20.00 0.36 H 

20:80 0.60 DE: 143 50.00 0.39 EF 

30:70 0.63 DE: 150 57.50 0.42 DH~ 
0­

40:60 0.66 D 157 65.00 0.48 CDHC 
::J 
:;::­ 50:50 0.72 CD 171 80.00 0.51 BCDE 

» 
~ 

60:40 0.73 CD 175 82.50 0.51 BCDE 

~ 
('i' I 70:30 0.74 BCD 177 85.00 0.57 ABCD 

C/l
(") 

I

I 80:20 0.87 ABC 207 117.50 0.64 ABC 

I 
Ul I 90: 10 0.90 AB 214 125.00 0.65 AB 

~ I 
l-J : 100:0 0.93 A 221 132.50 0.68 A 
o 
o 
-...J * accumulation % = «CI after harvest- CI before cultivation)/CI before cultivation)* 100. 

h RC%=relative content as calculated as a percentage of that of 0: 100 KCI KNO J treatment. 

30-60 cm depth i~ 
**RC % -~cumulati~~--

%* 

100 10.00 

109 20.00 I 

118 30.00 

127 40.00 

145 60.00 

155 70.00 

155 70.00 

173 90.00 

193 113.33 

198 116.67 

205 126.67 

'TJ 

S
 
» a­
s: 
:i: 
s: 
II> 
II> 

S' 
~ 
::J 
0­

a­

~ 
3' 

- Values having the same letters \\ ithin a column are not significantly different at 5% confidence level. 
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layer. Such increments in CI accumulation particu­
larly at the 0-30 soil layer ( the most active 
layer for banana roots, Robinson and Alberts, 
1989) may suggest some defects in the adopted 
system particularly what concerns with calculation 
and scheduling water requirements (irrigation 
and leaching). An additional work seemed to 
be required in this concern to prevent building 
up of CI ions throughout the cultivated soil pro­
files. 

Finally and to make the results more trust par­
ticularly for plant growers, a simple economical 
evaluation was carried out to fertilization costs 
during the 151 ratoon of banana plants as shown in 
the Table (6). Such evaluation showed that the 
fertilization cost of the 151 ratoon of banana plants 
in LE /fed during growth season decreased mark 

edly and gradually with increasing KCI:KNO, 
ratio in the fertigation system. The maximum de­
crease in ferti lization cost reached 56-60% of the 
initial fertilization cost (I OO%NO]). The highest 
net return was recorded to the treatment of 80:20 
followed by 70:30 KCI:KN01 ratios. 

From the above mentioned results, it could be 
noted that banana plants responded positively to 
fertigation with different combinations ratios of K­
KCI:K-KNO; from both economical and biologi­
cal aspects. Therefore, it could be concluded that 
fel1igation with low price and high water soluble 
KCI as a main source of potassium requirements is 
recommended for banana plants grown on sandy 
soils and irrigated with water low in salinity and 
ch loride content without any sever eflects on ba­
nana crop yield and quality. 

Table 6. Fertilization cost of in LE per faddan - season as affected by diffen~nt KCLlKN01 

combination ratios and relative to 01 I00= I00 

KCI/KN03 Fertilization cost in LE/F-S Product price LE/F-S 
---------- ­ - ­ ..--- ­ ~-._----------~_...--- ­

ratios LE/f-s % Yield price *Net return 
--------------- ­ ---- ­ ------~ - ­ -- ­ - --- ­ -- ­ . ­ 962-5 .-­ -1

0/100 8675 100 18300 
I ,

10/90 8292 96 18500 10208 

20/80 7909 91 18800 10891 

30/70 7526 87 18500 10974 

40/60 7143 82 19000 11857 

50/50 6760 78 18500 11740 

60/40 6376 74 20000 13624 

70/30 5993 69 21300 15307 

80/20 5610 65 24300 18690 

90/10 5227 60 ]8300 13073 

10010 4844 56 18700 /3856 

*Nct rcturn "" yicld price - tertilization cosl. 
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