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Effect of Growth Promoting Bacterium on Growth,
Yield and Fruit Quality of “Canino” Apricot
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ABSTRACT
Growth promoting bacteria {Bacilius suldilis) was sprayed on "Canine™ apeicot
cultrvar rees & two concentrations (0.2 and 0.4%) and at three stages (at full bleom, pne

month and two months after full bloom). The Fmvestigation was perfformed on trees of seven
yvears okl and grown in new raclaimed sandy solls, during the two succassive seasons of
2006 and 2007. All treatments of Baolus Inceasad sigmificantty shoot diameter and sength,
C/M ratic, total carbohydraes, N, P, and K sontents, fruit yield, and fult weighi and volume
as compared with the contrl {unsprayed trees) in the two seasons of the shsdy. The
highest fruit yield values in tha bwo seasons wone recorded by spraying Baciius at 0.2% at
two months afler full Moom as compared with the kowest values of the control.

INTRODUCTION

Apricat {Prunus armeniaca) is deciduous fruit tree related to
Rosaceae family and produce stone fruits (CDwupe). Apricot fruits are
delicious fruits used as fresh, dried and canned production. Apricot planted
area in Egypt was 4785 Feddan in 1980 and reached 20971 Feddan in
2005 {Ministry of Agriculture Statistics}. Apricot "Caning® cultivar is newly
introduced cultivar gives high yield in new reciaimed lands. Rhizobacteria
was named as plant growth promoting rizobacteria (PGPR) which could be
useful for the plant through different mechanisms inciuding: production of
secondary metabolites such as antibictics and hormone like substances,
antagonism to soil bome root pathogens, phosphate dissolving ar-
dinitrogen fixation (Alvarez et al, 1995) working on tomato. Racillus cerus
exhibited beneficial effects on soybean nodulation and yield {Elizabith ef al,
2000). Bacillus polymyxa strains L8-16R, Pw-2R, and 820-R enhance
canfer seedling growth {Shishido et al, 1996). Varina (1999) had found
that Bacilfus pumifus using on muskmelon exhibited larger leaf area,
greater dry mater accumulation. Tomato plant growth was enhanced by
using combinations of humic and lactic acids andfor Bacillus subtilis
(Bohme, 1999). Rodriguez and Draga (1999) staled that Bacillus,
Pseudomonas and Rizobfum are among the most powerful phosphate
soiubilizers and that increase phosphaorus uptake. Alse, in canola {Brassica
campestris), scil incubation of three Baciflus strains increased roat, shoot
iengths, fresh and dry weight (Ghosh, et al., 2003). Apricot trees spraying
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by growth promoting bacterium (Baci#us OSU 142) gave higher yield than
the unsprayed trees. Similary, N, P, K, Ca and Mg contents of leaves were
higher on treated trees than untreated control (Esitken st ., 2004). In
addition, combination of differert strains of Bacillus increased root and
shoot growth, enhanced stem diameter and rapid development of new roots
of different vegetables (Kloepper, sf al, 2004). In addition, Bacilus sp.
BB11 increased tomato vield (Guo ef af, 2004). Moreover, Wu ef al
{2006) found that plant growth promoting bacteria stimulated plamt growth
of Brassica juncea and protected the plant from heavy metal toxicity.

The aim of the present investigation is to study the effect of spraying
apricot trees by Bacillus sublilis on tree growth, fruit vield and quality.

MATERIALS AND METHODS

The present work was conducted during the two growing successive
seasons of 2006 and 2007 on "Caning’ apricot cultivar frees grown in new
reciaimed sandy sail in private orchard at Kafer Dawcod, Sadat city, in E-
Mencfia govermorate. Trees were seven years old, almost uniform in vigor,
grafted on Balady apricot seedlings and planted at 5 X 5 meter apart. For
this study 21 trees were chosen for 7 treatments, each treatment was
applied on three replicates {one tree for each replicate) according to the

randomized cemplete block design. The applied treatments were as
follows:

1) Control (sprayed with tap water)

2} 0.2% Bacillus at full bloem (F.B}).
3 0.2% Bacillus at 1 month after F.B.
4) §.2% Bacillus at 2 month after F.B.
5) 0.4% Bacillus at F.B.

68) 0.4% Bacillus at 1 month after F.B.
7) 0.4% Bacillus at 2 month after F.B.

All trees were sprayed until run off (10 Liree). During the two
seasons, five branches representing all tree sides were chosen at random
and labeled before spraying and the number of flowers per each one was
counted. The number of retained fruits per each branch was recorded and
the retained {remained) fruits percentages were calculated before picking.
At picking, samples of twenty fruits from each replicate were taken to
determine the following characteristics:

1. Yield (Kgftree): it was determined by multiply number of fruitsfree X
the average of fruit weight.

2. Average fruit weight (gm).

3. Awerage fruit volume {mi).
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Average fruit diameter (cm).

Average fruit length (cm).

Average fruit firmness (Vinch?) was estimated by Magnese-Taylor
pressure tester.

Total soluble solids of fruit juice were estimated by using hand
refractometer.

Total acidity (%) was calculated as gm malic acid/100 g fresh weight
{A.O.C A, 1995). -

After picking average increments of shoot diameter and length were
calculated. Also, the leaf area of about 20 leaves for each replicate was
measured using a planimeter according to Nautigual et al. (1990) and
leaf chlorophyll was determined according to Yadava (1986).

Samples of twenty leaves from the middle part of shoots according
ta Chuntanaparb and Cummings (1881) were selected at random from
each replicate to determine their content of N, P, K and Mg according
to Evenhuis {1978). Fe, Zn and Mn were alse determined using Atomic
absorption Perkin Elmer. Determinations of the leaf conients of
nutrients were carmied out on a dry weight basis.

o N omh

STATISTICAL ANALYSIS:

The collected data were subjected to the proper stafistical analysis
of complete randomized block design according to Snedecor and
Chochran (1990).

RESULTS AND DISCUSSION
VEGETATIVE GROWTH:

Results in Table (1) show the effect of spraying growth promoling
bactedum (Bacilfus subtiifis) at different concentrations and stages on
vegetative growth (shoot diameter and length increment {cm) and leaf area
fem?). All treatments increased significantly shoot diameter as compared to
the control in the two studied seasons except the treatment of 0.4%
Bacillus at 2 months after fult bloom (F.B.). The highest increments in shoot
diameter (0.150 and 0.150 ¢m) were cbtained by the treatment of 0.2%
Bacillus sprayed ai full bloom, as compared with the jowest values of
control treatment (0.041 and 0.044 cm), in 1% and 2™ seasons,
respectively. Shoot length was increased by all treatments of spraying
Bacillus in the two studied seasans. The highest increments in shoot length
(11.33 and 11.92 cm) resulied from the spraying of Bacillus at 0.4% at 1
month after F. B. as compared with the lowest values of the control (3.33
and 4.75 cm) in the first and second seasons, respectively. These results
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are in harmony with those of Esitken ef al. {2004) on apricot; Xloepper ot a/.
(2004) on different vegetables and Wu st al. (2008} an Brassica juncea,
who emphasized that spraying Bacillus increased plant growth.

LEAF AREA, CHLOROPHYLL AND C/N RATIO:

Leaf area, chiorophyll coments and C/N ratic as affected by Baciflus
spraying are shown in Tabfe {1). All treatments increased significantly leaf
area (cm?) as compared to the contred in the two studied seasons, except
the treatments of Bacillus at 0.2% at one and two months after F.B. in both
seasons and of 0.4% at one month after F.B. in the first season only. The
highest leaf area values (48.01 and 49.1 cm?) were cbtained by the
treatment of 0.4% at F.B. as compared with the contro! {38.08 and 38.8
em?} in the first and second seasons, respectively. As for C/N ratio, ali the
treatments of spraying Bacillus increased C/N ratio as compared to the
control in the two seascns of the study. The highest C/N ratios (4.51 and
4.52) were obtained by spraying Bacillus at 0.4% at F.B. as compared by
the lowest values (3.52 and 3.39) in the first and second seasons,
respectively. The other treatments recorded in between values. As for leaf
chlorophyll, data showed that all treatments of Bacillus without clear trend.

LEAF TOTAL CARBOHYDRATES:

Results in Table {2) show the effect of spraying growth promoting
bacterium {Baciius subtiilis} at different concerdrations and times on Leaf
total carbohydrates (%). All treatments increased significantly leaf total
carbohydrates (%) in the two seasons of the study as compared with the
control. The highest contents of total carbohydrates (8.63 and 9.60%) were
obtained by spraying Bacillus at 0.4% at one month after full bloom (FB.)
as compared with the lowest values of the control (5.20 and 5.10%) in the
first and second seasons, respectively.

LEAF MACRO AND MICRO ELEMENTS:

Leaf elements contenis {N, P, K and Mg} as affected by spraying
growth promoting bacterium (BacilTus subliffis) at different concentrations
and stages are shown in Table (2). All treatments increased nitrogen (N),
phosphorus and potassium (K) in both seasons of the study as cornpared
to the contrel. The highest significant N contents {2.38 and 2.45%) were
recorded by spraying Bacillus at 0.4% at one month after F.B. as compared
with the controt lowest contents (1.76 and 1.80%) in tha first and second
seasons, respectively. The highest P contents (0.97 and 0.96%) were
recorded as a result of spraying Bacillus at D.2% at 2 months after F.B. as

Vol 12 (3}, 2007 482



1. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

compared with the control {0.61 and 0.62%) in the 1% and 2™ seasons,
respectively. The highest K contents (2.15 and 2.18%) were recorded as a
result of spraying Bacillus at (.4% at F.B. as compared with the control
{1.78 and 1.8%) in the 1™ and 2X seasons, respectively. As for Mg%, only
three treatments of Bacilfus at 0.2% at one month after F.B.; 0.4% at F.B.
and at 0.4% at one month after F. B. was significantly effective on Mg%
contents where they increased Mg contents as compared with the control in
the two seasons of study. As shown in Table (3), all the treatments did not
increase significantly Fe contents in the two seasons of the study except
the treatments of Bacillus at 0.2% and 0.4% at one month after FB. and
which increased significantly Fe conterits. The treatments of Bacillus at
0.4% at 2 months after F.B. in the two seasons of the study and at 0.2% at
2 months in the first season only increased significantly Zn contents as
compared to the confrol. The other treatmentz were not effective. As
regard to Mn contents, the treatmemnt of 0.4% Bacillus at one month only
increassd the Mn content in the two seasons as compared with the control.

These results are in agree with those obtained by Esitken et af.
{2004) on apricot who found that N, P, X, Ca and Mg contents of leaves
were higher on treated trees by Bacitus than untreated control.

RETAINED FRUIT {%):

Results in Fig. (1) show the effect of spraying growth promoting
bacterium (Bacillus sublilis) at different concentrations and stages on
retained fruit percentages in 2006 and 2007 seasons. The treatments of
spraying Bacilius at 0.2% at 2 months after F.B., at 0.4 at F.B., at one and
two months increased significantly the retained fruits (%) as compared with
the control in the two seasons of tha study, but the remained treatments
wera not effective. The highest percentages (6.70 and 13.57%) obtained by
the treatment of spraying Baclius at 40 4% sprayed af F.8. as compared
with the lowest percentages (1.66 and 3.43%) in the first and second
seasons, respectively. The other treatments recorded in between values.

YIELD (KgiTREE):

Fig. (2) show the effect of spraying growth promoting bacterium
(Bacitius subtiilis) at different concenfrations and times on fruit yield
(Kgftree) in the seasons of 2006 and 2007. All treatments of spraying
Baciflus increased fruit yield in the two seasons of the study as compared
with the control except the treatment of at 0:2% at full bioomn that was
insffective in the two seasong. The highest significant yiekd values (58.33
and 61.67 Kg firee) were obtained by Bacilius spraying at 0.2% at two
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months sfter F.B. as compared with the lowest yield values (41.67 and
46.00 Kgitree) in the first arxd second seasons, respectively. The other
treatment recorded in between values.

The obtained results are in line with those of Esitken et al. (2004) on
apricot who found that yieldfree was higher on treated trees by Bacillus
than untreated control ones.

PHYSICAL FRUIT CHARACTERISTICS:

Results in Tabla (4) show the effect of spraying growth promating
bacterium {Baciflus sublilis) at different concentraficns and stages on
physical fruit characteristics in the two seasons of 2006 and 2007. All
treatments increased significantly fruit weight and volume in the two
seasons of the stdy as compared with the control. All treatments
Increased significantly fruit length and diameter and flesh thickness in the
secord season only as compared with the contrel. As for flesh thickness,
data revealed that the application of 0.2% Baciflus at two months after F B.
anly increased the flesh thickness as compared with other treatments. As
regard seed weight the treatments of Bacilius at 0.2% sprayed at different
stages and at 0.4% at full bloom and at one moenth after F.B. increased
significantly seed weight in the second season only as compared with the
control. As for fruit fitmness, the treatments of 0.2% at different stages and
at 0.4% at fuil bloom gave emphasized values higher than the control in the
two seasons as compared with the control,

The vbtained resuits are in harmony with those of Esitken et af.
{2004) on apricot who found that fruit weight was higher on treated trees
by Bacillus than untreated control ones.

CHEMICAL FRUIT CHARACTERISTICS:

Chemical fruit characteristics (T.8.5., acidity and TSS8/acid ratio) as
affected by spraying growth promoling baclerium (Bacillus subfiiis) at
different concentrations and stages on in the two soasons of 2006 and
2007 are shown in Table {5). The treatments of Bacifus  at 0.2% at one
and two months after F.B. and at 0.4% at full bloom and at one month after
F.B. in the second season only increased T.5.5. as compared with the
control. Generally all treatments were not effective on acidity vaiues except
the treatment of 0.2% at one month after fuli bloom in the two seasons of
the study as compared with the control. The treatments of 0.2% at 2
months after F_B. in the second season only, and 0.4% at full bloom, 0.4%
at one month and at two months after F.B. in the two seasons of the study
increased T.5.5 facid ratio as compared with the control and that mean that
fruits produced from that treatments were sweeter than the fruits produced
from the control.
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Table {1} Effect of growth promoling bacterium oh vegutative grawth; leal Chicrophyll and C/N matlo

of "Caninc™ apricot trees during 2806 and 2007 seasons.

Shoot diameter ot Leaf chiarophyli
Incramant (cm} Bhoot len {SPDA}
Traatmants locraanent [cm} Leaf arsa {cm’} CN wutio
2008 2607 2008 2007 2008 2007 2008 oy 2004 2007
Controd 0.044 0.044 3353 475 38.04 k18] .y 40.67 152 336
0.2% Bachius 0.150 0150 720 T 4583 47 1B 4095 4182 kL 390
atF.B
0,2% Byolilum Q.02 0.092 442 317 4081 43 28 337 M.a7 3.65 3.90
at 1 moenth wier
F.B
0.2% Bacillus 0,400 0,118 4.033 .27 2WIB 4544 13 4217 a.a7 asa
at 2 manth after
18-
0.4% Bacllus 0.050 0,056 BeT 4082 4301 49,41 36,30 41,53 4,51 4,52
atF.B
0.4% Bacllius Q120 a7 11.33 182 40.681 47,12 2887 41053 4,53 302
at 1 manth after
F.B
4% Baclllus 0100 0.119 10,32 10.92 44 80 44 54 753 30.94 jes 383
at 2 manth after
F.B
8.0 at 5% 0.02% 0034 D437 D287 3.0 1.03¢ 1.13Q M.5, 0.054 0,109
F.B. = Ful| bloom
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Table (2): Effect of growth promoting bacterium on total carbohydestes and leaf macro slements (%) of "Caning® apricot trees

during 2005 and 2007 wensone.

Total
carbohpdrates
Trastments (%) okl P (%) K (%) Mg (%)
2008 2007 2000 2007 2008 2007 2008 2007 2008 007
Contral 8.20 810 1.78 1.80 .61 0.63 1.78 1.80 o 0.32
0.2% Bucilius st 1.70 7.8 194 2.00 0.7 0.80 1,50 168 a.2s 0.23
EB
0.2% Baalitus &t 1 8.83 agn 2.3 238 oA 0.84 180 1.68 0.3 03
manth shter B
0.2% Bagiiusm 2 8,28 a3 225 2.27 097 0.94 241 2.03 0.30 0.30
month after F.B
0.4% Bac/llue st 0.51 2.50 21 2.19 077 0.76 218 2178 032 0.32
F.B
0.4% Baclilug at 1 P63 9.8 219 245 0.87 0.8 .08 210 0.33 0.3
manth after F.B
0.4% Bacidusat2 679 880 228 2.3p D9 1.0 208 210 0.51 0.3
mﬂlﬂh m F-..B ]
L%,D. at 5% D444 D208 005 G048 D05 00026 0034 4021 0.005 0008
F.B. = Full bloom
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Tabis (3): Effect of growth promoting bacterium on leal micn slements (ppm) of “Canlag™
apricot trees during 2006 and 2007 sexxoms.

Fao In Mo
Tramtments [prm) _ippm} _{ppm)
2008 2007 2008 2007 2008 2007
Conirol T4 T3 Az 30 L1} L]
0% Bacilius st F.B m Hi Fx | A2 53
0.2% Bacilus at 1 month afber i T8 0 19 58 B0
F.bB
4. X% Bacits at 2 month after 3 3 6 27 LT 55
F.B
0.4% Baclllua at F.B T4 75 19 0 58 53
0.4% Baclls &t 1 month after Fi:] 7T 3 2 B -4 ]
FB
0.4% Bacihe at 2 mooth after T2 T a1 Ay 5F o8
F.B
LED. 5% 1,345 1.736 1.435 1.098 1.30% .80

F.B. = Full bloom
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Tabhije (4} Effeot of growth promoting bacterium an frult physical sharsdtaristics
ol “Canlno™ apdcot treas during 20048 end 2007 waasora.

T L T mmu m‘mtm Bl wevighe (i) Finesas

£00Z (YT oA

88t

atnon®
T ritrna i
E ]
b I S, B S .. ] ooy o | Joar | Jood et L) Ioer oy A7
Canteal A 1] E. R F ) a1 43 4% 43 1.3 L} b-X ] b3 Y 134
S Baciiue P 0 LR wr nr aal [y | 48 a4 LY | (W) 1 1] T w7 oy
0.1% BaaiMug at 1 - ¥ »a 303 i +1 44 L] 3 119 L0 anm M 111 "l
inwnih afr P
B Wacilue al 2 E- &) " 0.8 p ) 2 [} ] L¥-] L} 117 15 20 HE.] [L}) nia
monih aiiar KR
B Bpcliua ol PR EFR LT ] wr ok “ i+ a 4l 1m 117 FRL FR EEE ) 5’
A% Bcll1dn 1 o ] oo -7 ELE) FE] IR a1 dd 1.7 ERE FX: ] s 10y 121
monhth whar LB
A% Batliug ot 2 ELT1 LK 2.0 % ] 4D 4.0 LY +4d 130 133 .30 213 113 a7
mondh afler F.B
LA, % o.ang 184 a.Aak Dl {008 QAT 0.054 0.087 41 T 0047 1 1-FES [ RLiF a1 a.rm
F.B. = Full kloom
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Effgct of growth promoting bacterium on frult chemical charactoriatics of

F.B, = Full bicom

Table (5):
"Canine™ apricet trees durlng 2006 and 2007 seasons,
T.5.5. Acldity T.5.5Jacld
Yeaatments (%) %) Ratlo

2008 2007 2006 2007 2008 2007

Contral 1477 1411 0.85 0.9 17.38 1557
0.2% Bugllivue ai F.B 14 40 1417 Ry 0,98 1682 14 52 -
0.2% Bacillus at 1 month 14.73 1483  1.08 1.41 1284  13.38 »
afiar F.B ’ .‘2’
0.2% Bacllius at 2 month 1480 1587 081 085 1802  18.44 >
mfter F.B ‘%?
0.4% Bacilius at F.B 1480 1747 0.72 0.79 2055 21,73 oy
. 0.4% Bacillus at 1 month 1473 1533 0.6 076 2232 2017 -
ufter F.B : g’
0.4% Bacillus at Zmonth 1480 1367 053 DS 2756 2317 s
aftar F.B {i:
L.S.D. at 5% 0,160 0420 D048 0081 1384 1.368 &
[xs]
®
E
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Retained Fruits (%} -2006 and 2007 32008

B2007

1.Contral 2 3 4 L g T
Treatments

Fug. {f): Effect of growth promoing tacterium on Retained frults (%} of "Caninag™
apricot trees during 2006 and 2007 seasons. Values obtained the same lotter within
similar columns for each seasons are not stgnificant different.

2} = 0.2% Bacilfus at F.B.

3} = 8.2% Bacillus at 1 month after F.B.
4) = 0.2% Bax-gilll.ts at? rnon-ih after F.B.
5 = 0.4% Bacillhes at F.B.

8) = 0.4% Bacillus at 1 month after F.B.
7) = 0.4% Bacillas at 2 month after F.B.
F.B. =Full bh_:-n}n-
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Yield {Kg.firea) -2008 and 2007

0 2006
w2007

1.Cantrol 2 3 F 5
Treatment=

Fig. (2 Effwct of (rowth promoling hacherius o ylald (Kghews) of “Caning™ apeicol trees thring

2088 and 2007 seasons. Yaluws obtsinad th e far siihin slesline colusurs 168 sach

semnorm v Nk significant sl

A =L Bl at F R

N = £.9°% Baclihus ot 1 month after F.B.

4l = 0.T% Bac’han of I month sfer FB.

B = 0% B Tk wl F B

= GO Baciliry a1 mdnith aiter F B

)= 4% Bacliis al 2 movth after FA. FA = Full blloos
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