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ABSTEACT

The amW¥f this study was to examme the effect of Irichoderma asperelium and Azotobacter chroococcum applications
on the rehabilitation of the roots of side-grafted cocoea plants using the inarching grafpne method agamst the state of
stomata. The method used in this study was a split-plot design, with two factors, namel apph-::atl{:-n of Trichoderma

asperellum and Azotobacter chroococcum whicl were rEp-E:atEd three times each and continued by uzing the Tukey's
test. The results showed that the inoculation Trichoderma asperellum and Azofebacter chroococcum m the
rehabilitation of cocoa roots by marching grafthn a very significant effect on the stomata of the leaves zo that it
had the potential to extend the life of the cocoa plants with nphmal productivity, without logging the relatively old cocoa
trees. The best results obtained were the leaf area waz 18130 cm~, the number nf stomata was 62.72 pleces/area of view,

the stomata density wgz 30853,19 n/'mm?, and the stomata aperture width was 228 07 um in the inoculation of Azotobacter
chroococcum bactenS@vo times application, and Irichoderma asperelium three times of application using the marchmg
grafting method which 15 done at the fime of the appearance of the flush.

Keywords: Azotobacter chroococcum, Cocoa rehabilitation, Stomata, Trichoderma asperelium.

1. INTRODUCTION

Leaves are an important plant organ because they are
the main place for photosynthesis, franspiration, and as a
means of respiration. The processes of photosynthezs,
transpiration, and respirzhion in leaves are closely related
to leaf stomata. Stomata are the most important part of
gas exchanpe (oxvgen and carbon dioxide) m plants.
Stomata are a modification of the epidermis, usnally m
the abaxial part of the leaves [1]. The structure of the
stomata affects the workings or effectivenezs of the
stomata during the photosynthesis process. The capacity
and rate of photosyntheziz increase m line with the
mcreaze In the conductance of the stomata, which 13
significant with the density of the stomata and the
decrease in the size of the stomata [2]. Stomata density 13
known to affect the amount of carbon dioxide fixed by
plants [3], where carbon dioxide will be used az a raw
material for photosynthesis.

The problem faced by farmers in rehabilitating old
and productive cocoa trees in Bantaeng Regency 13 the
reluctance of farmers to cut the stems because the stems
still produce fruit after a side grafhng replanfing program.
Thiz will have an impact on the growth and development

of the cocea tree, which will decreaze preductivity as a
result of the hampered nuinent distnbution. Thiz 13 due
to an imbalance n the supply of nutnent: to the leaves
due to old cocoa free roots.

To overcome this problem, 1t 13 necessary to conduct
an assezsment of rehabilitating old cocea trees without
logging by using the marchmg grafting method, which
utilizez potental microorgamisms, which are widely
known as biclogical fertilizers. Ome of the pntential
microorganizsms 13 Irichoderma sp. In adgition to
decomposing organisms, Irichoderma specie also
function az biolegical agents and stimulators of plant
growth [4]. Another group of microbes 1= Azodobacier
chroococcum which 13 a species of rhizobacteria kmown
az 2 dinifrogen—fixing biclgzical agent, diazoiroph,
which converts diniirogen a ammonium through
electron reduchion and dimitrogen gas protonatiog [3].
Thiz rhizobacterium acts az an enhancing agent\Wlant
growth through the production of phytohormones
(auxins, cytokmnins, and gibberellin) 1z the mam
substance that can increase and control plant growth
[6][7][%]. Based on the foregoing, the moculation of
Trichoderma asperellum and Azotodacter chroococcum

an‘g‘righ.’t © 2021 The Authors. Published by Atlantiz Press SARL.
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m the rhizosphere of side-cocoa plants, which wall be
rehabilitated by marching prafting method, needs fo be
studied and examined in terms of its effect on the
physiological aspects of the leaves m the form of the
stomata quahity of the leaves of the cocoa plant, which 13
a growth parameter that affects cocoa productivity.

2. MATERIALS AND METHOD

The research was camrled out 1n a cocoa plantation
located in Gantarangkeke village, Bantaeng Regency,
South Sulawesi Provi mce, starting 1n Apnl 2019, the
cocoa seeds -::rax months old were planted under a cocoa
tree stand that 13 around 20 years old, with a spacing of 4
X 4 m_ Three holes for planting were made with a size of
60 x 60 x 60 cm and 20 cm from the gld cocoa tree.

This study was conducted usmg\&fplit Plot Design,
with two factors and three rephn:atlﬂ-ns with treatment as

e main plot moculahion asperellum Irichoderma

nzizted of four levels, 1.e., without I asperellum (T0),
moculation T Asperellum one application (Ll). two
application (T2) and three application (A3) eacl¥f4 g L
! for each cocoa seed [9]. The first application is given
when applving compost (made from cocoa pod husks,
banana stems, and glincidia leaves) mn each planting hole.
The second apphcation 13 when planting cocoa seeds,
which were 15 days after the first application, and the
third application 1z intermittent a week later.

Az a subplot was moculation of Azefobacter
chroococcum consistingf three levels, namely without
A.chroococcum (AD), moculation A chroacoccum gge
application of (Al) and two applications (A2), ea
much az 40 ml x 10° CFU for each cocoa zeed [10]. The
first application was carried out at week 3 after planting
m about 10 cm from the tree at 2 depth of about 5 cm at
2 adjacent points, and the second apphcation was camed
out one month later. Each treatment used 2 treez so that
there were 72 experimental trees, and each experimental
tree was grafted with 3 cocoa zeeds. The results of the
obzervations were camied out by theSANOVA test to
determine the best freatment continued by uzing the
Tukey's Test and regression and comelation analysis.

Q. RESULTS AND DISCUSSION

The resultz of statisheal analysis showed that
moculation treatment asperellum zingly sigmificant
effect on leaf area and the maxmum were achieved at
twice of Tasperellum application The inoculation
trEﬂtm&an A.chroococcum had a significant effect on
leaf area, stomatal density, stomata aperture width, and
the number of stomata, while the interaction of the two

dntental microbial noculation treztments had no

gnificant effect on the obzerved parameters (Table 1).
From table 1 shows that moculaston asperellum
(T2) twice yielded the highest leaf area, but not
significantly different from the one-time moculation of
Iasperellum. Leaves are the main factor that determines
the amount of light that can be absorbed by plants for
photosynthesiz [11]. The wider the leaves, the more

https://lidikti9.turnitin.com/viewer/submissions/oid:22918:6759723/print?locale=en
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amount of solar radiation that can be absorbed by plants,
z¢ that the amount of assmmilates produced m the
photosynthesis process 13 greater to support plant growth.

The results showed that moculatng T.asperellum
(Picture 1) and A chroococcum (Figure 1) positively
correlated hnearly with the development of leaf area
nuomber of stomata, stomatal density, and stomata
aperture width. Previcus studies on cocoa and other
different plants inoculated with I aspere/fum zingly or m
multiple ways with PGPE showed wider leaf area m
mfected plantz Iasperellum such as tomato [12] and
cucumber [13].

The development of the number, density, and aperture
width of the stomata were positively comrelated hnearly
with leaf area. The wider the leaves, the more the number
of stomata, with the regression  equation
T=02108x+20.936 and positively correlated with the
value (B. = 0.90), the stomata 15 closer to the regression
equation Y=10.486x+10419 with a correlation value (R
= (0.90) and the wider the stomata aperture width with the
regression equation Y=0.3693x+-115.39 and peosiovely
correlated with the value (R = 0.83) (Figure 3a).

The number of stomata correlated pomtively lmearly
with stomata density, leaf stomata, and stomata aperiure
width. The greater the number of stomata, the greater the
stomata density and the stomata aperture width of the
cocoa leaves (Figure :nl:u}

Comrelation analyziz m Figure 3b  shows ﬂﬁ
inoculation T.asperelfum and 4.chroococcum produce
positive linear correlation between the number of stomata
and the stomatal density of Y=49.737x+02019 with a
correlation value of 1, and the stomata aperture width of

=2 301x+69.564 with a comelation value of 0.8316.
The development of better leaf area m plantz moculated
Iasperellum and A chroococcum were due to improved
nuirient availability, especially nirogen by free N
fixation by A.chroococcum [14] and B av Eulablllh by
activity A chroococcum [15], which leads to a ]'.'I.IEhEI
rate of photosynthesis which further increases the rate of
leaf area development and overall plant growth.

4. DISCUSSION

So1l meculation with microbe: Iasperellum and
A.chroococcum has integrated soil management, and
efforts have been made for the effectiveness and
efficiency of nutrient use in cultivated crops, includmg
cocod. Inoculation of A.chroccoccum and T.Asperelium
singly or double has been reported by some researchers
to mcrease the production of plants that function as
biological ferhhizers and biclogical control agents [16]
[17]. Nufritional status and aszimilates in plants will
affect the groygh of cocea plants. Lack of water in the
leaf tiszue wil 1bit the rate of photosynthesis becanze
the turgdity of the stomata guard cells will decrease,
which cauges the stomata to close. The closure of the
stomata ﬂélE leaves will reduce the rate of CO2 uptake
at the zame fime and will ultimately reduce the rate of
photosynthesiz [12].
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Table 1. Averapge data on leaf area, the density of stomata, stomata aperture width, and number of stomata

. stomata Number of
Treatment I‘Tf ’;iﬂ Et-n::: ﬂt:;mr aperture width  stomata per area
o= (o /mm (um) of view
Trichoderma asperellum
T0 136.932 24627 19852 49 67
T1 154 64" 2601.40 19329 5233
T2 145.79% 257698 196.30 52.00
T3 162.86° 2816.57 213.75 56.67
Tukev a 12:03 14:21 - - -
Azotobacter.chroococcum

Al 133.653 237437% 185.842 48 .00*

Al 15557 2652.20% 204 34* 53.25%

Al 160 95k 2816.69° 212 71b 56.75¢%
Tukey a 0:03 18.86 32827 2388 6.60
TOAD 110.09 232495 18323 46.72
TOAL 138.74 244935 207 45 4922
TOAL 16134 261384 207 .89 52.53
T1AD 14309 232219 181.79 46.67
T1Al 144 26 270092 19879 5428
T1AZ 161.01 2781.09 204 27 55.89
T2AD 16439 241341 177.69 48.50
T2Al 162.72 253091 197 .59 50.86
T2AZ 156.45 278629 210.59 56.00
T3A0 164.17 243691 200.65 4897
T3Al 162.86 202762 212.52 5883
T3A2 18130 308519 22807 62.72

level 3%,

I\'uteﬂmnhm followed by the same letter in the same column mean no significant difference at the Tukey’s test of

250

a4 280y s 19465
o r :;t*i-?:;;i:ns g 200 F- s =, R'=03963
2700 150 - - 3 - :;?;41;:;34

IO -

1600 ok = 2 (W67 % = 45 567

® stomatal density S0 + ¥ ppet
2500 a .
2400 o 1 2 3 4

2 3 Application of Tricheoerma aspersiiim
Application of Trichoderma asperellum A lzaf aren » gtomatis aparture width ¢ number of stomata

Figure 1 Graph of the relationship between applications Trichoderma asperellum with leaf area, number of stomata
stomata density, stomata aperture width.
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0 + ' = . : |
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Figure 2 Graph of the relationship between application Azotobacter.chroscoccwm with leaf area, number of stomata,

stomata density, and stomata aperiure width.

L
o B0 disa s 41D
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F Y
Fi 1
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2000
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¥ 5 2 501n « 69 564
SO0 A w0 TIS2
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Figure 3 Graph of the relationzhip between leaf area, number of stomata, stomata denzity, and stomata aperture width
after apphication Irichoderma asperellum and Azofobacter.chroococcum (3), Graph of the relationship between the
number of stomata with the stomata denzity and stomata aperture width after apphcation Irichoderma asperelium and

Arzofobacter.chroococcum (b).

ThﬁIIE:E: times treatment application of I’ asperellum
with a dose of 4 g.ml ! showed that the average number
of stomata and stomata aperture width waz better than
other freatments (Table 1). Funpus of Fasperelium
serves as addihonal material to accelerate the weatherng
process of organic matter from manure, compost of pod
huzks, and cocoa leaves zo that NPK and other nutrients
are available to plants. Apart from that, as 2 hiological
agent, Iasperellum alzo funchons to loosenmg soil,
prevent soll-borne plant diseazes, and mmprove soil
structure and break down the nutrients bound m the soil.

The benefits of this fungus have an impact on the
availability of nutrients in the zoil According to [19],
plants given the fungus were Trichoderma able to
stimulate plant growth by mcreasing root size and root
length zo that 1t can help in nuirient abzorption. N content
affects crop production. The more the N content increazes
the chlorophyll, grotemn, and cocoz production. This 13
closely related t3&he process of opening and clesing the
stomata. Opeming and closing the stomata 13 important for
the asspnilation of CO2 and alzo the balance of water in
plant: \&dpening and closing of the stomata depend on
changes in the turgor of the stomata guard cells. High
turgor causes the stomata to open otherwize, low turgor
will cause the stomata to close. The mechanizm for

https://lidikti9.turnitin.com/viewer/submissions/oid:22918:6759723/print?locale=en

opening and closing the stomata mamly depends on the
accumulation of K™ in the stomata cells and the
hydrolysis of starch mto sugar [20], so that the stomata
state of cocea leaves 1z crucial In increazing cocoa
productivity.

5. CONCLUSIONS

The conclusion from the research results 13 that
rehabilitation of cocoa plants that are relatively old can
be done without the need for logging cocoa frees by
modifying inarching graftng with an environmentally
fnendly agncultural system by uhlizng the bactena
Azofebacter chroococcum and the fungus Irichoderma
asperellum, 3o that farmerz do not need a long time to
keep their cocoa plants productive m producing cocea
bezns. The best results obtamed were the leaf area was
121.30 cm?, the number of stomata was 62.72 pieces/area
of view, the stomata den=ity was 3083,19 n'mm?, and the
stomata aperture width was J22 07 pm in the moculation
of A.chroococcum bactenN#wo times application, and
Tasperellum three times of application uszing the
marching prafting method which iz done at the time of
the appearance of the flush.
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