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ABSTRACT

The influence of spraying Washington Navel oranges with three growth regulators and
other chemicals at two different stages on the fruit drop, fruit retention, yield, growth and
productivity was studied. Results showed that most chemicals had & significant effect on fruit
retention, fruit drop, preharvest fruit drop and vyield when sprayed at marble stage. However,
NAA, GAz and KNO; were also effective at pea stage. In addition, Urea and 50 ppm GAa
increased shoot length when sprayed at both stages. Fruit weight and length increased by
sprayingd0 ppm NAA, 50 ppm GAs and KNOs at both dates. KNO3, 2,4-D and 50 ppm GAs
increased fruit diameter. On the other hand, acidity and TSS contents were not affected by any
of the treatments at both stages.

INTRODUCTION

Citrus producers pay a major attention to produce a high yielding trees
with high fruit quality in order to satisfy consumer demands. Thus, plant growth
regulators had been widely used for many purposes in citrus production.
Substances such as 2 4-D and NAA( Aipha-naphthyi -acetic acid) were added
fo control fruit drop (Coggins, 1995a). Gibberellic acid (GA3), a naturally
occurring plant hormone was used to improve fruit quality (Ibrahim ef al., 1994
and Mero, 1997). In other studies 2,4-D and GA; were found to increase the
yield of citrus trees. However, unsatisfactory results might be obtained when
the wrong concentration is used and that could be hamful to the trees treated
with such growth regulators. Thus, attends for using other chemicais such as
potassium nitrate and urea were made for the same purpose. Many
researchers studied the effect of spraying these chemicals either alone orin
combination with growth regulators on fruit drop and quality of citrus trees (Koo
and Reese, 1973, Bertin and Squali, 1974, Ferguson et al., 1984, Erner ef al.,
1993 and Al and Lovatt, 1994). Moreover, date of application and
concentration of the different substances must be considered according to the
purpose aimed o obtain best results.

This study was conducted to evaluate the effect of concentration and
date of spraying seven chemicals on growth, fruit retention, yield and fruit
quality of Washington navel orange trees.
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MATERIALS AND METHODS

The research was conducted in a private Citrus orchard at El-Tarh
region, El-Behera Governorate during the growing seasons 2000 and 2001 on
mature Washington Navel orange trees (Citrus sinensis, L.) budded on sour
orange rootstock. The soil was clay well drained with water tabie about 120
cm. Trees were planted at 5 m apart and subjected to the same cultural
practices usually done in the orchard. Eleven foliage treatments were applied
at pea and marble stages with a group of 44 trees for each stage. Treatments
in each group were arranged in a complete randomized design with 4
replicates for each treatment. The eleven spraying treatments were as follows:
1) water spray (controf}, 2) 20 ppm NAA, 3) 40 ppm NAA, 4) 25 ppm GA;, 5) 50
ppm GA; 6) 10 ppm 2,4-D, 7) 20 ppm 2,4-D, 8) 0.5% urea , 9) 0.5% calcium
acetate, 10) 0.5% calcium chloride, 11) 2% potassium nitrate. The surfactant
Biofilm (30 cm/100 [ water) produced by Biotechegypt was added to all
sprayed chemicals in order to obtain best results. Surfactants are important
substances in increasing the prospect of good spray coverage.

In order to study the effect of the different treatments on trée growth,
two branches were tagged on two different sides of each tree in April for pea
stage and May for the marble stage in both successive seasons 2000 and
2001. The length of spring non-fruiting shoots per branch were recorded at the
end of each season.

Moreover, in Aprii and May of both 2000 and 2001seasons, two
branches were tagged on two different sides of each tree and the number of
fruits on each branch was counted and recorded at every spraying date and
after June drop. The percentage of fruit drop and fruit retention was calculated
for each season as follows:

- % Fruit retention = (No. of fruits after June drop / No. of fruits at spray
date) x 100
- % fruit drop = 100 - % fruit retention

The yield was recorded at harvest date in December of 2000 and 2001
expressed as weight (kg/ree). Ten fruits were sampled once at harvest date
from each tree in both growing seasons in order to determine fruit quality
characters. in each fruit sample, fruit weight, diameter and length, peel
thickness were recorded. In the juice, total soluble solids were measured by a
hand refractometer. Acidity and vitamin C content were also determined by
titration. In addition, fruit color according to the color chart of Harding et
al.(1940) and percentage of fruit creasing were also recorded.
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The data were statistically analyzed according to the method of
Snedecor and Cochran (1972).

RESULTS AND DISCUSSION
Fruit retention and fruit drop:

Trees sprayed at pea stage with NAA (40 ppm), GAs (25, 50 ppm) and
KNO; retained more fruits when compared with the control in both seasons
(Tables 1 and 3). in addition, no significant differences were observed between
the gibberellic acid and potassium nitrate sprays. However, all treatments at
marble stage significantly increased fruit retention in both seasons except for
KNOs in the first season (Tables 1 and 3). No significant differences between
-growth regulators and the other chemicals were observed for spraying at
marble stage. Ghosh et al(1995) found that spraying sweet orange with 25
ppm GA; at pea stage was the most effective on fruit retention. Also, Moreira et
al., 1996 stated that fruit retention was improved by application of GA3,

Spraying NAA {40 ppm) and GA; (25 and 50 ppm) at pea stage
decreased fruit drop in both seasons as compared with the control (Tables 1
and 3). Also, potassium nitrate at pea stage significantly decreased fruit drop in
the first season only. However, no differences between both growth regulators
and KNO, were observed. At marble stage, fruit drop was significantly
decreased by all treatments in both seasons except for KNO; in the first
season (Tables 1 and 3). Moreover, no significant differences between the
growth regulators and the remaining chemicals were found in both seasons.
On the other hand, 25 ppm GA; had a significant higher effect than 20 ppm
2,4-D in the first season only (Table 1). Koc and Reese (1973) found that
Valencia orange trees receiving potassium had markedly low fruit drop. Also,
Bertin and Squali (1974) reported that fruit drop was reduced by spraying
clementine trees with GA; and KNOas. In addition, many researchers reported
the use of 2,4-D and NAA in controlling fruit drop in citrus trees, Coggins
(1995a). In addition, Gregoriou et al. (1996) reported that application of GA;
and 2,4-D at or before color break reduced fruit drop.

Preharvest fruit drop and yield:

No significant differences were obtained in the percentage of pre
harvest fruit drop among treatments at pea stage in both seasons (Tables 1
and 3). However,at marble stage both GA3 (25 and 50 ppm ) and 2,4-D (10
and 20 ppm ) significantly lowered preharvest fruit drop than the control in the
first season only. Moreover, no differences between the above mentioned
growth regulators were found (Table 1). Evaluations of the effectiveness of
NAA in relation to 2,4-D on preharvest fruit drop were made (Coggins, 1995a).
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He reported that NAA has aproximately similar effect to 2,4-Din
reducing fruit drop. tnthe recent study, NAA and 2,4-D had a similar effect on
fruit retention and drop when sprayed at marble stage.

The vyield was significantly increased by spraying NAA {20 and 40 ppm)
and GA; (25 and 50 ppm ) &t pea stage in the first season (table 1). However,
all treatments except NAA (20 ppm ) increased yield as compared with the
control in the second season (Table 3). In addition, 50 ppm GA; hada
significant higher effect than 25 ppm GAs, 2,4-D (10 and 20 ppm), urea and
calcium chioride but not than potassium nitrate (Table 3).

At marble stage the yield was significantly increased by all treatments
except for KNO; as compared with the control in the first season (Table 1). In
addition , no significant differences were found between the two concentrations
of the growth regulators used in this study. In the second season, vield of trees
treated only with growth regulators was significantly increased as compared
with the control (Table 3). Moreover, data in Table 3 showed that 50 ppm GA;
had higher effect than NAA (20 and 40 ppm) and 2,4-D (10 ppm). These
results are in agreement with those of Koo and Reese {(1973) and Ali and
Lovatt (1994). Whereas, Silva et al.(1998) reported that yield of Pera and
Hamlin oranges was not affected by GAj; sprays. The effect of urea on yield
was aiso reporied (Al and Lovatt, 1994).

Shoot length:

Spraying with urea and 50 ppm GA:; at both stages significantiy
increased shoot length in both seasons when compared with the control
(Tables 1 and 3 ). in addition, shoot length was significantly increased by 25
ppm GA;, 10 and 20 ppm 2,4-D and potassium nitrate when sprayed at pea
stage and by 40 ppm NAA and 20 ppm 2,4-D at marble stage in the first
season only as compared with the control (Table 1).Many researches showed
the importance of growth regulators sprays on the vegetative growth of
different citrus trees (Wang, 1981, Takahara et al., 1990 and Castro ef al.,
1998).

Fruit weight, length, diameter and fruit length/diameter ratio:

In both seasons, NAA at 40 ppm significanily increased fruit weight
when sprayved at pea and marble stages as compared with the control. On the
other hand, GA; at 25 and 50 ppm increased fruit weight in the second season
only at the two spraying daies when compared with the controf (Tables 1 and 3
). Moreover, spraying potassium nitrate at pea stage significantly increased
fruit weight in both seasons. Fruit length was significantly increased by
spraying with 50 ppm GA; in the two dates of both seasons (Tables 1 and 3 ).
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However, 40 ppm NAA, 20 ppm 2,4-D and KNO; increased fruit length when
sprayed at pea stage in the first season only as compared with the control
(Table 1).

Spraying 50 ppm GA; at marble stage increased fruit diameter as
compared with the control in both seasons (Tables 1 and 3). On the other
hand, fruit diameter was significantly affected by 50 ppm GAs, KNO; and
calcium acetate sprayed at pea stage in the second season only (Table 3).
Alse, 20 ppm of 2,4-D had significant effect on fruit diameter in the first season
only in both spraying dates (Table 1 ). Both GA; and 2,4-D had significant
effect on fruit length/diameter ratic as compared with the control at the two
spraying dates in both seasons (Tables 1 and 3). Moreover, the data in Tables
1 and 3 showed that NAA, generaily, increased the ratio at the two spraying
stages (except for the pea stage inthe second season). Also, spraying with
CaCl, in marble stage significantly increased fruit iength/diameter ratio in the
second season only {(Table 3). Similar resuits were reported by Erer et
al.(1993) and lbrahim et al.(1994) on Shamouti, Valencia and navel oranges.
On the other hand, Bertin and Squaii (1974) reported that small fruits were
increased by GA; whereas KNQO; generally increased fruit size. A research
study indicated that better increase in size occurs with combination spray of 2,
4-D and KNO3 than with 2, 4-D alone {Coggins, 1995a).

Peal thickness, V. C, acidity and TSS:

in both seasons, peal thickness was significantly increased by all
treatments at pea stage except for urea in the first season and urea and 20
and 40 ppm NAA in the second season (Tables 2 and 4 ). However, spraying
40 ppm NAA, 25 and 50 ppm GAg3, 20 ppm 2 .4- D, CaCl, and KNO; at marble
stage increased peal thickness in the first season only as compared with the
contfrol (Table 2). In the second season 20 ppm NAA, 25 and 50 ppm GA;,
calcium acetate and caicium chioride had a significant effect on peal thickness
when sprayed at marble stage (Table 4). GA; was used in citrus grooves to
delay rind aging. In this study it increases peel thickness and might help in
delaying the rind aging and to extend the marketing period for navels.
Moreover, the increase of peet thickness gives the fruit more stable condition
for shipping which heips in improving exporting purpose.

' At pea stage, vitamin C content was significantly increased by 25 and
50 ppm GA;10 and 20 ppm 2,4-D and caicium acetate sprays when
compared with the control (Table 2). However, no significant differences were
obtained in the second season for the same date (Table 4). Moreover, vitamin
C content was not affected by any of the treatments in the second spraying
date at the first season (Table 2). Whereas, inthe second season 40 ppm
NAA, 10 ppm 2,4-D, calcium acetate and calcium chloride significantly
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Table 1. The effect of different chemical sprays on shoot length, [ruit retention, drop, yield, fruit weight and length
of Washington Navel| orange trees in 2000.
Shoot Fruit Fruit Preharvast vield Fruit Fruit Fruit Frui't:il,z?tgﬂ“
length retention drop drop Ko/t weight length diameter .
Treatments (em) (%) %) o e g I I
f Il i ] [ I I 1l [ i i fl 1 I
Control 009 830 255 1327 97.45 8673 827 817 60 57 253 248 672 7.80 686 820 098 0.95
NAA 20ppm 1018 926 1044 27.20 8956 7280 970 628 71 75 271 265 7.24 713 7.12 6.81 1.02 1.05
NAA 4D ppm 10.32 082 2076 24.71 7924 7529 1021 548 80 68 285 268 B8.40 838 814 842 1.03 1.00
GhAa 25ppm 10.74 886 1086 2120 8914 7871 900 336 73 70 273 280 892 1056 863 992 103 1.08
GAg 50 ppm 10.83 1027 805 2471 91.05 7528 621 313 72 71 263 291 862 1088 B.21 10.12 1.05 1.0
2,4-D 10ppm 1126 937 362 2413 9638 7587 6.02 426 65 70 250 278 7.84 963 7.70 9.30 1.02 1.04
2,4-D 20 ppm 11.86 10.02 3.56 2838 9642 7162 7.12 408 67 78 278 267 936 048 900 942 1.04 1.01
Urea 0.5% 1231 1122 826 2241 9374 7759 801 771 63 67 232 240 7.12 791 7.386 8.08 0487 0.98
Ca-acetate 0.5% 10.08 812 631 23.04 9369 7696 G678 827 60 68 230 246 7.00 832 7.03 B.28 1.00 1.00
Ca-chioride 0.5% 1021 808 591 2201 0459 77.99 727 7.36 57 66 242 236 7.32 7.03 7.46 817 0.98 0.97
K-nitrata 2% 10.82 907 10.80 18.31 8920 8169 701 812 64 63 276 253 832 808 B65 858 096 094
L.S.Doos 152 140 423 761 417 603 NS 372 B 9 24 16 128 136 181 120 004 0.07

I. At pes stage spraying. II: At marble stage spraying,
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Table 2. The effect of different chemical sprays on fruit quality of Washington Navel orange trees in 2000.

Peel thickness Creasing Color Vitamin C Acidity TSS
Treatments {cm) % _ ] (mg/100 mL) (%) (%)
I Il | i} i i 1 i i 1l | [
Control 0.38 0.32 10.70 8.63 5.0 5.0 46 52 0.96 1.2 13.0 12.2
NAA 20 ppm  0.40 0.36 6.10 7.24 4.8 50 50 56 092 099 128 124
NAA 40 ppm  0.41 0.38 7.21 6.26 5.0 5.0 48 60 0.99 1.03 1286 12.8
GA; 25ppm 040 0.41 542 328 4.6 4.0 52 58 096 083 130 135
GA; 50 ppm 042 0.43 4860 3.37 46 3.8 54 60 1.01 090 127 116
2,4-D 10ppm 040 0.36 582 426 5.0 4.2 62 50 0.97 082 122 11.8
24-D 20ppm 0OM 0.28 6.00 7.86 5.0 4.5 60 47 092 096 124 12.8
Urea 0.5% 0.38 0.32 827 6.32 4.8 4.8 51 49 0.97 086 132 12,86
Ca-acetatle 0.5% 0.42 0.34 427 572 5.0 5.0 56 52 099 096 128 118 .
Ca-chloride 0.5% 0.40 0.40 560 5.81 5.0 5.0 48 56 102 098 120 12.6
K-nitrate 2% 0.42  0.39 502 621 50 48 50 50 093 100 120 128
L.S.Dggs 0.02 0.05 5.4 2.91 NS NS 6.0 NS NS NS NS NS

I: At pea slage spraying.

1I: At marble stage spraying.
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Table 3. The sffect of different chemical sprays on shoot length, fruit retention, drop, yield, fruit weight and length

“of Washington Navel orange trees in 2001,

Fruit length/

Shoot Fruit Fruit Preharvest Yiold Fruit Fruit Fruit F ruit
length retention drop drop y weight tength diameter .
Treatments em %) (%) o) 19T g (em) om)  demeter

| I ! It i l; t Il i [l I il I Il ! il } "
Control 10.53 862 166 10.31 9834 8869 708 632 53 61 264 272 793 813 7686 836 1.01 0.97
NAA 20ppm 1161 B8.87 657 21.32 03,43 7868 6.00 436 58 68 277 283 802 821 800 606 1.00 1.02
NAA 40 ppm 12,48 972 12,83 23.56 87.17 76.44 700 321 €3 70 293 302 816 872 8.02 842 102 1.04
GAj 25ppm 1281 1072 8812073 9119 78.27 563 372 66 72 308 312 832 883 803 841 1.04 105
GA3 56 ppm 13.87 10680 9.93 2521 90,08 7478 476 324 76 76 318 321 860 8.898 842 862 102 1.04
2,4-D 10ppm 1273 9.78 567 2021 94.33 7679 631 476 64 70 283 300 808 845 782 824 103 1.03
2,4-D 20ppm 1193 963 673 23.83 93.27 76.t7 508 £520 62 72 286 286 813 813 793 800 1.03 1.02
Urea 0.5% 1362 10.70 532 1864 9468 8136 718 562 ©6 63 254 273 782 808 788 802 089 1.01

Ca-acetate 0.5% 10.25 921 506 2028 94,94 7972 526 409 &7 60 262 281 798 818 806 8368 099 098
Ca-chloride 0.5% 0.96 9.86 6.00 21.18 94.00 78.82 483 421 &2 65 255 280 773 827 797 812 087 1.02

K-nitrate 2% 10.97 1035 7.60 16527 92,40 8073 586 563 67 64 288 286 792 837 812 848 098 0.89
L.S5.0005 3.01 181 561 779 660 769 NS 310 8 G 21 16 042 067 018 021 0.02 0.05
I; At pea stage spraying. il: At marble stage spraying.
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increased vitamin C content as compared with the control at marble
stage (Table 4).

In addition, no significant differences in acidity and TSS contents were
obtained among treatments at hoth spraying stages in both seasons (Tables
-2 and 4). Similar results were obtained by Greenberg et al, 1995. in contrast,
Ibrahim ef al(1994) stated that peel thickness, fruit TSS and TSS:acid ratio
were significantly increased by GA; and promalin sprays.

Color and creasing:

Fruit color was not affected by any of the treatments at both spraying
dates in both seasons (Tables 2 and 4 ). However, later spray of GA; was
found to delay color break of navel oranges (Coggins, 1995b). Moreover, all
treatments decreased the percent of creased fruits at both spraying dates

(except for urea at pea stage) in both seasons when compared with the contro!
(Tables 2 and 4).

In this study, the date of application had an influence on the various
recorded data. Evaluation of the best spraying date was reported in many

researches (Bertin and Squali (197), Ghosh et al (1995) and Coggins (1995a
and b).

From the previous results, no significant differences were found
between the growth reguiators and other chemicals especially KNO; in most of
the characters studied. Thus, the harmful effect of using such hormones with
high concentrations can be avoided by using other chemicals. The use of
different substances other than hormones alone or in combinations with growth
regulators to improve the productivity of citrus grooves has been reported
(Singh and Rethy, 1985 and Nakhlia, 1998). Moreover, most treatments were

effective when sprayed at marbie stage. The different spraying dates were also
reported (Ghosh et al., 1995).
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Table 4. The effect of different chemical sprays on fruit quality of Washington Navel orange trees in 2001.

Pesl

. Creasing Vitamin C Acidity TSS

Treatments th’?g;‘;ss (%) Color {ma/100 mL) (%)
[ /! i il N K I i i | I
Control 034 040 1182 738 50 4.8 56 48 1.08 1.00 126 13.2
NAA 20ppm 033 042 890 618 50 5.0 57 52 0.98 1.07 122 1286
NAA 40ppm 038 041 828 512 50 50 650 57 1.01 1.03 1286 124
GA, 25ppm 040 043 706 326 44 46 53 52 0.96 101 130 138
GA, 50ppm 0.40 044 8613 416 42 48 56 50 098 0982 132 128
2,4-D 10ppm 0.38 041 736 526 48 50 60 56 089 102 130 136
2,4-D 20ppm 0.42 040 612 416 50 S50 56 50 0B2 093 128 138
Urea 0.5% 0.38 0.38 12.00 882 46 44 52 48 0.92 1.02 118 120
Ca-acetate 0.5% 041 043 621 312 50 50 58 58 1.00 092 122 128
Ca-chloride 0.5% 042 044 532 418 48 50 54 58 0892 083 124 122
K-nitrate 2% 040 040 862 713 48 50 56 51 101 089 132 138
L.S.Dogs 0.03 0.02 481 206 NS NS NS 8 NS NS NS NS

I: At pea stage spraying.

H: At marble stage spraying.
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