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ABSTRACT

The objective of this experiment was to investigate the effect of boron and sugar alcohols on the growth, yield
and quantity of seeds produced from pepper cv. California wonder, A factorial experiment (3 x 7) was conducted
according to randomized complete block design (RCBD) with three replications at the open field of the research
station B, Coll. of Agri. Univ. of Baghdad during 20/12/2016 to 1/12/2017. The experiment included two factors,
first one was boron which used boric acid (0, 50, 100 mg | *) and the second factor was sugar alcohols (sorbitol)
(15, 25, 35 g, | *) and mannitol sugar (10, 20, and 30 g | ) in addition to control treatment ( spraying with water),
Results showed significant superiority of boron with concentration 100 mg | in the plant high (58.60 cm),
number of main branches plant™ (7.52 branch), leaves area (1129.9 dem? plant™), number of fruits plant™ (49.43
fruit) and total yield (148.64 ton ha™). Significant superiority of mannitol with concentration 30 mg | *was found
in the plant height (60.34cm), number of main branches (7.33 branch plant™), leaves area (1237.8 dcm?), total
chlorophyll content (302.11 mg g™* fresh weight), fruit weight (96.27 g fruit™), number of fruits (50.84 fruit plant’
Y, total yield (158.39 ton ha™) seeds germination (91.66%), speed of germination (4.67 day). The interaction
between two variables was significant for all the studied traits, this showed that the response of pepper to first
variable related to the other variable. It could be concluded that the best combination between two variable was
boron (100 mg I'*) and sugar alcohols (mannitol 30 g I™).

Key words: Capsicum annuum L, seed yield, fruits, sorbitol, mannitol, boric acid.

Part of Ph.D. Dissertation for the first author

Jsu 3 g plaa 652-646:(2)50: 2019- 42 all 2 ;31 a slall Alxa
JALY bl eall gLy Juala , gad b Aulgasl) by Sadly (gl ) g0
dowl e sl olad flan Jald paia
i) e
iy daaly [ Ae )30 A0S /adaad) during ddiul) and Ao Arala [ Ae )3l S/ gilaad) daing Aliun) and
aldiuall

(7%3) dlale 4yt cihs . JALY cldl sl )odd) dpaSy Juala) sai (B Aalgasl) by Sadly gl Oy 80 dabal dpadl oda @i
Oa BAAN My daala Aol A0S ) bl B Afiad) daaall CigdSall gl B c)Se A Sldaal) ALY cleUdl) sl 3y
(15) Jsimsad) S b Ldgasgh @by Sadly 7 23l100¢ 50 0) ¢asal) ,Calale dpail e .2017/12/1 445 2016/12/20
100 Gl () o ) ey eplally (il AdjlBal) Adalas ) dbll (70 a2 30 20 <10) Jsislal) S (8. 2 35 25
s (Pama 1129) clall 48,0 dalaall (g8 7.00) Ayl £ 81 230 ((au58.60) cbail) g lis) b dygina 3245 N oo 7 i pida
T R 30 Al Jsilall Aeadt) Sl Gy @sl il gt (Tolsa b 148.64 ) S Jualal) ((5,4549.43) Ll
On LY ssinag (Camed 1237.81) 48,50 dalually (cbiill g8 33.7) g1 2305 (am 60.34) @l £ lUilS dugyaall ciliall gsen
Lpaaig (7t b 158.39) LSl AaliVly (5,45 50.84) LWl sy (a2 96.27) 58 3 (@b ois ' ae pile 302.11 Sy sl
Lad o piial) ABle Lo Juda 13, A el ciliial) asand Ligina ¢ piial) G JANSEN OIS . (ase 4.67) <L) Asyus (%91.66) by
saill el ) o) JAlAY il e T i a8 30 Al Jeislal aa A pade 100 3SANL Gausd) Gl o) U (e gied - Laghn
il el Bagay @ally @ dally @il

yeall Gaala , Jeiiladl, Jebygaad) . QLAY , ol Juals , Capsicum annuum L s clals

Ja¥) Gl dagsh (e s gl

*Received:15/6/2018, Accepted:17/10/2018

646


mailto:eiman_jaber@yahoo.com

Iraqgi Journal of Agricultural Sciences —2019:50(2):646- 652

Mosleh & Abdul Rasool

INTRODUCTION

Pepper (Capsicum annuum L) belongs to the
Solanaceae family (25), which grown in Iraq at
open fields during the beginning of spring and
at protected agriculture during the beginning
of fall. Many researchers were interested for
improving growth, productivity and nutrition
value of this crop. Pepper contains many
chemical compounds, which are one of the
most important antioxidants reduced the risk
of chronic, cancer, anti-inflammatory, anti-
allergic and cirrhosis, carotenoids which are
component of the non-enzymatic system of
antioxidants (12, 15, 22, 27). Pepper is
characterized by a weakness of the root system
which cause to the flowers fall and fruits.
Environmental factors effect a very important
role in accelerating the rate of transpiration,
which leads to the lack of water in the tissues
and fruits, although it is available in the soil
because of its weak roots (16). Boron is an
essential nutrient in plants, which needed more
than other minor elements because of its
important role in the physiological processes.
The lack of this element appears on a large
scale of crops so many efforts have been made
to identify its role especially during cell wall
building (10, 20, 24, 26). The boron spraying
is the best way to control its deficiency.
Mozafar (19) observed that the lack of boron
caused increased infertility and reduced the
growth of the pollen tubes, this reduced the
quantity of seeds produced (11). AL Jawary
(4) found that the spraying of micro-elements
containing boron in the form of boric acid at a
concentration of 2 g L * caused a significant
increase in plant height, leaf area, number of
flowers, fruit set and productivity. AL Tohafy
(6) showed that spraying eggplant with boron
(10 mg I"* ) caused an increase ratio of 15.8,
13.2, 17.6, 8.4, 225 and 24.8% for plant
height, stem diameter, no. of fruit, fruit weight,
length and fruit diameter, respectively than
control treatment. Alcoholic sugar or polyols
is a carbohydrate that is one of the most
important products of the process of
photosynthesis. Sugar alcohols moves freely
and easily inside the plant. It was discovered
in 1996 with natural boron and other micro
elements inside xylem (13). Awuchl (9) was
obtained an increase in boron movement
within the xylem and increased growth and
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yield in the genetically modified tobacco
plants that contain sorbitol compared to
control treatment. AL Ibrahemy (2) observed
that the interaction between spraying boron
with a concentration of 5 mg L™ and sucrose
with concentration of 5 g L™ on pepper plant
caused significantly increased in most
vegetative, flowers, fruits and vyield traits of
pepper plants. This study aimed to investigate
the effect of boron and sorbitol, mannitol,
which are a new generation of nutrients to
rapid absorption and nutrient movement from
the source to the sink on growth, yield and its
influence quantity to the seeds produced from
pepper plants.

MATERIALS AND METHODS

This experiment was carried out at the open
field of the research station B / Coll. of Agri. -
University of Baghdad — ALJadriya, during
20/12/2016 to 1/12/2017 to study the effect of
spraying boron and sugar alcohols (Sorbitol
and mannitol) on the growth, vyield and
quantity of seeds produced from pepper plants
variety California wonder which Its plants are
characterized by strong growth and medium
size, its fruits cubic shape, dark green color,
thick epidermis and sweet taste and good
yield, production yield after 75 days of
transplantation  (16). Produced by US
Agriseeds, with germination rate 86%, off type
1.00% and purity 99.00%, date of production
1/7/2015. Seeds were planted in cork dishes on
20/12/2016. The seedlings were transferred to
the field on 20/2/2017. A factorial experiment
included two factors, three concentrations of
boric acid (B 17.4%) (0, 50. and 100 mg I™)
and seven concentrations of sugar alcohols
(C6H1406) which included Sorbitol with
three concentrations (15, 20 and 35 g L™) (23)
and Mannitol with three concentrations (10, 20
and 30 g. L") In addition to the control
treatment (spraying with distilled water were
conducted). Plants were sprayed three times,
the first at 30/3/2017, the second at 15/4/2017
and the third at 30/4/2017. The experiment
was performed in RCBD with three
replications consisted 63 experimental units
each contained 15 plants grown in 6 m length
furrows and 0.75 m width and 0.4 m between
plants, A random sample of ten plants from
each experimental unit was collected at the
end of the season to study vegetative and yield
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and seed production characters, such as plant
height (cm.plant™), number of branches
(branch plant™), leaves area (dcm?plant™)
which was calculated using the digimizer
program. chlorophyll  concentration was
estimated according to Ranganna (21) , radical
length (cm), radical diameter (mm), fruit
weight (g), number of fruits, total yield (ton
hat), germination (% ) of seeds produced from
fruits at the end of season, germination speed
(day) and weight of 1000 seeds (g). The SAS
system was used under Windows 2009 for
statistical analysis, means were compared
using a less significant differences (L.S.D 5%)
(14).

RESULTS AND DISCUSSION

Vegetative traits

Results in Table 1 indicate a significant
increases in plant height, when spraying boron
at Bigo and Bsp which produced plant with
58.60, 57.77 cm respectively with no
significantly differences with each other, but
they were differed significantly from the
control treatment which had 55.58 cm in plant
height. Significant increases were found in the
number of branches, when sprayed Bigo then
sprayed By, and Bsp. Highest value reached to
7.52 branches plant - ! while Bsy had the
lowest number of branches (6.76 Branch plant’
') (Table 1). Spraying Bip showed a
significant increases in leaves area which had
1129.91 dcm?, while the control treatment had
the lowest leaves area (929.41dcm?), This may
be due to the role of boron in increasing
availability and concentration of some major
and minor nutrients (8), thus stimulating
vegetative growth by increasing number of
leaves, leaves area and number of branches.
Boron also had a positive role in activating and
increasing the growth regulators, especially
auxins and cytokines (17), also had an
important role in formation of proteins in the
plant through the transcription of RNA (1),
These results were in agreement with some
previous reports (7). Results in Table 1 shows
that spraying of sugar alcohols led to a
significant increases in plant height of pepper,
spraying manitol 30g I produced the highest
value plant height (60.34 cm) with an increase
ratio to 12.47 % compared to the control
treatment which had the lowest plant height
(53.65 cm). All sugar alcohols were caused an
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increase in the number of branches of pepper
plants, spraying sorbitol 35 g I and manitol
30 g | ! gave the highest value 7.33 plant
branches ™, for each with an increase (24.66%)
more than control treatment which had the
lowest number of branches (5.88 branch plant’
1. Manitol Sg significantly superiored to most
of the treatments in producing the highest
leaves area (1237.81 dcm? plant® with an
increases ratio to 55.57% however it did not
differed significantly from sorbitol 35g | * (S3)
which gave leaves area 1160.11 dcm? plant™,
with an increases (45.80%) to control
treatment which gave less leaves area (795.66
dcm? plant ). It may be attributed to the
important role of sugar alcohols to transport
the major and minor nutrients, especially the
slow-moving elements such as calcium and
boron through the xylem, they move freely and
easily within the plant, and as we known
Sorbitol and Mannitol one of the forms that
facilitate the transfer of Boron element inside
the xylem on a complex image dis- (Sorbitol)
borate ester (23). The transfer of boron and the
major and minor nutrients from the source to
the sink may improve physiological and
biochemical processes. These elements are
important in the process of photosynthesis and
respiration as they enter the synthesis of DNA
and RNA which they are necessary for cell
division in addition to its role in the synthesis
of hormones including auxins, which leading
to cell division and elongation thus increasing
vegetative traits (3, 5). Result of interaction as
shows in Table 1 interaction between different
levels of variables were significant, this reveal
that the activation of boron influenced with
sugar alcohols. Interaction Sg+Bjgp revealed
the highest mean of each plant height (62.12
cm), number of branches (7.33 branch plant’
1, leaves area of plant (1354.10 dcm? plant ™)
when compared with control treatment which
gave the lowest values (5.33 branch plant™ and
668.90 dcm? plant® respectively), while
interaction of By with S; gave lowest value of
plant height (45.36 cm)

Chlorophyll and root traits

Data in Table 2 shows no significant effect of
spraying boron to both leaves content of total
chlorophyll and root diameter. While, spraying
Bso and Big significantly increased the length
of the main root (37.33 and 37.23 cm
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respectively) but, the differences did not
significant between them, while significantly
differed from the control treatment (35.23 cm).
The increases in vegetative traits (Table 1) as a
result of spraying with boron resulted in
increased root length (Table 2). Spraying of
sugar alcohols had a significant effect on leaf
content of total chlorophyll, length and
diameter of root, Mannitol Sg had the highest
value (302.11 mg100 g* fresh weight, 38.11
cm, and 8.05 mm, respectively). While the
control treatment produced the lowest means
(258.45 mg100 g* fresh weight, 35.22 cm and
6.68 mm respectively). Interaction of spraying
boron with alcohols sugars was significant
effect (Table 2). The highest total chlorophyll
content was 312.49 mgl00 g* fresh weight
when sprayed boron Bigy with Sg Mannitol,
while the lowest content was when boron Bjg
mixed with So, which (249.88 mg100 g™ fresh
weight), and the highest value of the main root
length at Bsp + Sg, which was 39.00 cm.,
While By + Sp and By + S; produced the lowest
value of the root length (34.66 cm for each
one). The interaction between boron and sugar
alcohols had a significant effect on the root
diameter. The highest value was in Sg + By,
which produced 8.15 mm, while the lowest
value of root diameter was 6.47 mm in control
treatment (Bo + Sp). Interaction between boron
and alcohol sugars led to an increase in
vegetative traits (Table 1). This results may be
due to the importance role of boron in
improving many physiological and
biochemical processes by activating meristem
tissue, increasing cell division and elongation,
and the role of sugar alcohols in nutrients
transport from leaves to the roots, stems and
branches, thus improving the physiological
and biochemical processes of the plant and
increasing all growth traits (10).

Yield and its component

Results in Table 3 shows that the fruit weight
did not significantly affected by boron while
the number of fruits was significantly differed.
B1oo significantly superiors in number of fruits
(49.43 fruits of plant ™), while B, produced the
lowest number of fruits (41.98 fruit plant ™),
B1go was significantly higher than Bsy and By
in total yield (148.64 ton ha ™), while By had
lowest total vyield 126.20.ton ha®. The
increases in the number of fruits plant™ may be
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attributed to the role of boron in improving the
nutritional status of plants by increasing the
strength of vegetative growth (Table 1) and
root traits (Table 2), which had affected the
process of photosynthesis and increased
nutrients accumulation in the plant, so that
increased number of flower and improve fruit
set then increase the number of fruits. Data in
Table 3 shows spraying of the alcoholic sugar
significantly increased weight of the fruit.
Mannitol Sg produced the highest value of
weight of the fruit, number of fruits plant™ and
total yield in the area unit (96.27 g, 50.84 fruit
and 158.39 ton ha * respectively with an
increase rate of 9.87 and 28.61 and 37.96 %
respectively than SO which gave the lowest
value of fruit weight (87.62 g), number of
fruits (39.53 fruit) and the total yield
(114.81ton ha ™). Spraying of sugar alcohols
including mannitol on pepper plants
contributed to the availability of the fertilizers
balance of the major and minor nutrients,
which achieved good vegetative and root
growth (Tables 1 and 2) and this caused to
increase in the weight of fruit and the number
of fruits plant™, which reflected positively on
productivity, This results were in agreement
with some previous reports (2), where he
concluded that the spraying of boron and
sucrose on the pepper plant led to an increase
in the vegetative , root and fruits traits.
Results in Table 3 shows significant effects of
the interaction between boron and sugar
alcohols, But the interaction between Bsg with
mannitol Sg produced the highest weight of
fruit (98.93 g fruit!), while interaction
between Bsy with sorbitol S, gave a lowest
weight (83.30 g fruit™), In addition, interaction
between Bjgo with Mannitol Ss significantly
increased the number of fruits plant™ (55,997
fruit) compared with the control treatment
(Bot+Sp), which produced the lowest value of
number of fruit (36.167 fruit). While, the
highest yield for unit area was from using Bigo
with mannitol Sg (169.54 tons ha ), compared
with control treatment (Bo+Sp) which had the
lowest value of productivity (100.76 ha ™).
Seeds production

Results in Table 4 shows significant
differences between the concentration of
boron, Spraying Bsy and Big resulted in a
significant increases in the percentage of
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germination in produced seeds. It was 89.38
and 89.09% respectively. While By had the
lowest value of germination (87.66%), Data in
the same Table shows that Bigo and Bsy take
less days to full germination of the seeds (4.82
days for each one), compared to B, which take
4.89 days to full germination. The results in
the same table shows that Bsy and Bigo did not
differed significantly between them in the
weight of 1000 seeds (7.50 and 7.38 g
respectively), but Bsg and Bigo gave significant
differences with control treatment which
produced the lowest weight of 1000 seed (7.20
g). Results Table 4 shows that sugar alcohols
had a significant effect on the germination
percentage of the seeds produced from fruits
of peppers in the end of season, mannitol Sg
gave the highest percentage of germination
(91.66%) with an increases ratio 7.42 %
compare to the control treatment which gave
85.33%. Results in the same table shows that
Mannitol Sg was the best because it took less
days to complete germination (4.67 days),
while So or Sorbitol S; had more days to
complete germination (4.96, 4.94 days
respectively), Mannitol Sg produced the
highest seeds weight (7.94 g 1000 seed™),
while the control treatment had the lowest
seeds weight (6.92 g). Data in Table 4 indicate
that the interaction between boron and alcohol
sugars had a significant effect on the
percentage of germination. The highest seeds
germination had resulted from Bsy with
mannitol Sg (92.00%), while the lowest
percentage from seeds of By+Sy (83.00%). In
addition interaction between Bsg or Bigg With

mannitol Sg¢ was the better because they took
less days until complete of germination (4.64
days for each one) comparison with the control
treatment By + Sp or with interaction By + S;
which were had more days to complete the
germination (4.98 days for each one). The
treatment of the interaction between Bjoo and
mannitol Sg produced the highest increase in
the seeds weight (8.11 g), while the control
treatment (Bo + Sp) produced the lowest value
of the seeds weight (6.67 g1000 seed™).
Increasing in the seed qualities may be due to
increase in vegetative growth traits (Table 1),
as well as increase in root and fruit traits
(Tables 2 and 3), which positively affected the
improvement of the quantity and seed quality
produced from fruits at the end of the season
when spraying with boron or alcohol sugars or
interaction between them. This results may be
due to the formation of hormones for
flowering that increase the percentage of
flowering (18) and increases the vitality of the
pollen grains due to the role of boron in
pollination and the pollen tube growth (5), and
possibly due to the role of alcohol sugars in
transport nutrients to the seeds quickly and
then increase the weight of seeds as a result of
the accumulation of elements in the form of
proteins and carbohydrates (1). Therefore, it
could be concluded that boron can be sprayed
with concentration 100 mg I and Mannitol
with 30 g I"* concentration on pepper plant to
obtain the best growth and yield of the plant
and the possibility of obtaining good seeds for
planting in the following season.

Table 1. Effect of spraying boron and Sugar alcohols and their interactions on vegetative
traits in pepper during 2017

Boron ml g ' Plant hEIght Mean Of Number Of Mean Of TOtaI Ieaf area Mean Of
Cm plant? S branches 1 S Plant* dc? S
Sugars I “%‘arl Branch Plant’ I ugharl I Ugharl
alcohols g I Bo ‘ Bso ‘ Bioo aleonors Bo ‘ Bso ‘ Bioo alconols Bo ‘ Bso ‘ Bioo aleonors
S0 Control 51.72 5436 55.01 53.65 5.33 6.00 6.33 5.88 668.9 8374  880.7 795.66
Sorbitol 15 (S1) 4536 56.62 57.17 56.05 6.33 6.33 7.00 6.55 886.2 997.7 1018.1 967.34
Sorbitol 25 (S2)  55.73 58.20 59.93 57.95 6.67 7.00 7.00 6.88 9149 1073.6 1137.4 1041.99
Sorbitol 35 (S3) 57.85 59.52 60.71 59.36 733 733 7.33 7.33 1128.3 1159.9 11921 1160.11
Mannitol10(S4)  53.47 57.57 61.45 57.49 6.33 6.33 6.67 6.44 868.7 1238.4 1097.4 1068.18
Mannito20 (S5) 56.90 58.34 60.81 58.68 6.33 7.00 7.33 6.88 906.0 1140,3 12289 1091.70
Mannito30 (S6) 59.02 59.89 62.12 60.34 733 733 7.33 7.33 1133.1 1226.3 13541 1237.81
Mean of boron 55.58 57.77 58.60 7.00 6.76 7.52 929.4 1096.2 1129.9
LSD 5% B S Interaction B S Interaction B S Interaction
" 1.93 2.95 5.12 0.23 0.35 0.61 78.61 120.08 207.99
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Table 2. Effect of spraying boron and sugar alcohols and their interactions on total
chlorophyll content and root traits in pepper during 2017

Boron mig-1 Total chlorophyll content Mean of Length of main root Mean of Root diameter
myg g fresh substance-1 Sugar cm plant-1 Sugar MI m plant-1 Mean of
S.EIT(?:P!I’(S)IS g I_l Bo Bso Bioo alcohols Bo Bso Bioo alcohols BO Bso Bi1oo Sugar alcohols
SO0 Control 256.98 26852  249.83 258.45 3466 3500 36.00 35.22 6.47 6.95 6.63 6.68
Sorbitol 15 (S1) 270.54 27746  282.87 276.95 3466 36.33 3533 35.55 709 740 7.02 7.17
Sorbitol 25 (S2) 289.42 281.19 28553 285.38 35.66 37.66 37.66 37.00 737 763 719 7.40
Sorbitol 35 (S3) 301.79 29267  288.88 294.44 36.66 38.66  38.00 3777 787 755 732 7.58
Mannitol10(S4) 275.06 27889  286.45 280.13 3533 37.33 37.00 36.66 6.95 752 7.68 7.38
Mannito20 (S5) 281.91 28465  306.96 291.17 36.00 37.33 3.00 37.11 733 743 7.88 7.55
Mannito30 (S6) 29254 301.32 31249 302.11 37.00 39.00 38.00 38.11 815 8.07 7.94 8.05
Mean of boron 281.17 28352 287.58 3523 3733 3723 732 751 7.38
B S Interaction B S Interaction B S Interaction
L.S.D5%
NS 14.64 25.26 0.75 1.15 2.00 NS 0.42 0.74

Table. 3 Effect of spraying boron and sugar alcohols and their interactions on yield traits in

pepper during 2017
Boron mlg* Weight of fruit Mean of Number of fruit Total yield Mean of
g Sugar fruit plant™ Nslfg;,?f th? Sugar
Se:ljgoal':ZIS gt Bo Bso Bioo alcohols Bo Bso Bioo alcohols Bo Bso Bioo alcohols
So Control 84.11 90.66 88.07 87.62 36.16 40.38 42.04 39.53 100.76 121.06 122.07 114.81
Sorbitol 15 (S;) 90.40 91.31 86.83 89.51 40.15 45.82 45.63 43.86 116.69 134.42 131.09 127.40
Sorbitol 25 (S,) 92.20 8330 94.19 89.90 4143 5159 48.21 47.11 125.30 142.89 149.87 139.35
Sorbitol 35 (Ss) 95.04 92.85 93.30 93.73 4746 49.88 51.15 49.50 149.12  153.22  164.53 155.62
Mannitol10(S,) 89.47 90.05 86.93 88.82 39.71 46.56 47.67 44.65 117.64 13019 137.64 128.49
Mannito20 (Ss) 90.05 91.66 89.83 90.51 4222 49.69 55.99 49.30 12580 14925  165.76 146.76
Mannito30 (Ss) 97.32 9893 9256 96.27 46.74 50.41 55.36 50.84 148.06  157.58  169.54 158.39
Mean of boron 91.23 91.25 90.24 4198 4777 49.43 126.20 141.31 148.64
LSD5 % B S Interaction B S Interaction B S Interaction
1.95 2.99 5.18 1.40 2.14 3.70 3.63 5.55 9.62

Table 4. Effect of spraying boron and sugar alcohols and their interactions on produced seeds

traits in pepper during 2017
T —=
Boron mig Germination % Mean of Speed of germination Mean of Weight of 1000 seeds g | Mean of Sugar
Sugar Day Sugar alcohols
Sugars alcohols alcohols
aligohols gl! Bo Bso Bioo Bo Bso Bioo Bo Bso Bioo
So Control 83.00 86.33 86.66 85.33 498 495 4.95 4.96 6.67 694 7.13 6.92
Sorbitol 15 (S;) 87.33 87.33 87.66 87.44 498 494 489 4.94 6.88 7.13 7.04 7.02
Sorbitol 25 (S;) 87.66 89.33 88.33 88.44 488 4.85 4.87 4.87 728 739 7.39 7.36
Sorbitol315 (S;3) 90.33 90.00 89.33 89.88 487 471 477 478 7.59 7.73 7.54 7.62
Mannitol10 (S4) 85.66 90.66 89.00 88.44 494 488 4.81 4.88 6.88 691 7.38 7.06
Mannitol20 (Ss) 88.33 90.00 91.00 89.17 482 476 4.76 4.78 737 751 7.89 7.59
Mannitol30 (Sg) 91.33 92.00 91.66 91.66 474 464 4.64 4.67 7.71 8.01 8.11 7.94
Mean of boron 87.66 89.38 89.09 4.89 4.82 4.82 720 738 750
B S Interaction B S Interaction B S Interaction
L.S.D5%
1.36 2.08 3.60 0.04 0.06 0.11 0.18 0.27 0.47
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