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ABSTRACT

The practice of intercropping soybeans among oil palm trees is an approach used to optimize plantation land. Oil palm 
(OP) at the second immature stage (IS-2) or the age of 2 years provides shade of around 40%. This research aimed 
to observe soybean growth and yields under shade conditions close to those of oil palm shading conditions at IS-2 
and to determine the optimal dosage of Arbuscular Mycorrhizal Fungi (AMF) to apply to the soybeans. The shade 
intensity treatment used artificial shading nets close to actual shade intensity in OP plantation, i.e., 40% shading. The 
experiment was conducted at the Experimental Station, Faculty of Agriculture, Universitas Padjadjaran, from October 
2019 to January 2020. The experimental design used was a split-plot design with shade intensity as the main plots (0 
and 40%) and AMF dosage as subplots, consisting of six treatments of 0, 2, 4, 6, 8, and 10 g/plant, with each treatment 
repeated four times. The results showed that at 10 weeks after planting, the interaction effect of 40% shade intensity 
with a dosage of 10 g AMF per plant resulted in the highest chlorophyll index. Independently, the AMF dosage of 10 
g per plant produced the maximum plant height, number of productive branches, dry weight of plants, and number 
of seeds per pod.
Keywords: Arbuscular Mycorrhizal Fungi; immature plant; oil palm; shade intensity; soybean

ABSTRAK

Amalan penanaman kacang soya di antara pokok kelapa sawit merupakan pendekatan yang digunakan untuk 
mengoptimumkan tanah ladang. Kelapa sawit (OP) pada peringkat belum matang ke-2 (IS-2) atau berumur 2 tahun 
memberikan teduhan sekitar 40%. Penyelidikan ini bertujuan untuk melihat pertumbuhan dan hasil kacang soya di 
bawah keadaan teduhan yang hampir dengan keadaan teduhan kelapa sawit di IS-2 dan untuk menentukan dos optimum 
Kulat Mikoriza Arbuskul (AMF) untuk digunakan pada kacang soya. Rawatan keamatan teduhan menggunakan jaring 
teduhan tiruan hampir dengan keamatan teduhan sebenar di ladang OP, iaitu 40%. Uji kaji telah dijalankan di Stesen 
Eksperimen, Fakulti Pertanian, Universitas Padjadjaran, dari Oktober 2019 hingga Januari 2020. Reka bentuk uji kaji 
yang digunakan adalah reka bentuk plot terpisah dengan keamatan teduhan sebagai plot utama (0 dan 40%) dan dos 
AMF sebagai subplot, yang terdiri daripada enam rawatan 0, 2, 4, 6, 8 dan 10 g/tanaman, dengan setiap rawatan diulang 
empat kali. Keputusan menunjukkan bahawa pada 10 minggu selepas penanaman, kesan interaksi 40% keamatan teduh 
dengan dos 10 g AMF setiap tumbuhan menghasilkan indeks klorofil yang paling tinggi. Secara tidak langsung, dos 
AMF sebanyak 10 g setiap tumbuhan menghasilkan ketinggian tumbuhan, bilangan cawangan produktif, berat kering 
tumbuhan dan bilangan biji setiap buah yang maksimum.
Kata kunci: Kacang soya; kelapa sawit; keamatan teduhan; Kulat Mikoriza Arbuskul; tumbuhan tidak matang
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INTRODUCTION

Oil palm plantations in Indonesia have reached a total 
area of more than 14.6 million hectares, representing 
both the largest plantation in Indonesia and the world 
in 2019 (Direktorat Jenderal Perkebunan 2019). The 
planting distance between oil palm trees is always large. 
Therefore, uncultivated open space remains between 
trees, especially those aged between one and two years 
(first and second immature stages, IS-1 and IS-2). During 
IS-1, there is around 75% open space, whereas, in IS-
2, approximately 60% of the land area is open space 
(Mawarni 2011; Nuraisah et al. 2019). These open land 
areas have significant potential for the cultivation of 
annual crops, such as soybean, using an intercropping 
system.

Soybeans require full sunlight. However, there 
are shade-tolerant varieties that can be grown under 
shade intensities of 33-50% (Chairudin & Sabaruddin 
2015; Soverda 2012). Mostly, oil palm plantations are 
located on marginal sites, such as where plants are 
grown in inceptisols. Therefore, there are typically some 
disadvantages in terms of soil fertility, e.g., a lack of 
phosphorus (P). P is essential for plant growth, and the 
combination of P and compost is needed to improve plant 
growth and yield (Mubarok et al. 2020a). To improve 
growth under such conditions, the addition of Arbuscular 
Mycorrhizal Fungi (AMF) in the intercropping system 
can help soybean roots to absorb nutrients and minerals, 
despite being grown in acidic soils (Kanno et al. 2006; 
Shukla et al. 2009). 

One of the key advantages of AMF, as stated by 
Bolan (1991), is its ability to convert phosphorus (P) from 
unavailable forms (i.e., Al – P, Fe – P, Ca – P, Mg – P) 
to available forms (i.e., H2PO4

-, HPO4
2-). Furthermore, 

Davies et al. (1996) proved that the AMF could replace 
approximately 50% of phosphate, 40% of nitrogen and 
25% of potassium. Application of AMF to soybeans 
at a dose of 10 g/plant was reported to increase root 
expansion, root nodules and seed weight (Sukmasari et 
al. 2018). Another study showed that AMF application 
to soybean plants at a dose of 8 g/plant gave the best 
effect on the plant height, leaves number, chlorophyll 
index, seed weight, and 1,000-soybean seeds weight. 
Meanwhile, a dose of 4 g/plant had the maximum impact 
on net assimilation (LAN) and relative growth rate 
(RGR) (Suherman et al. 2012). The advantage of shading 
conditions under an intercropping system is that AMF can 
develop under low air temperatures and shading. Schenck 
and Schroder (1994) reported that appropriate AMF 
development and colonization temperatures in between 

28-34 °C, with the optimal expansion of vesicles at 35 °C.
Soybean cultivation among oil palm trees has potential 
advantages and disadvantages, depending on palm leaf 
expansion and soybean adaptability. The ‘Arjasari’ 
Soybean cultivar can be categorized as high temperature 
and low light intensity-tolerant plants, which have the 
potential to adapt easily to growth under shade treatments. 
In this study, we used an artificial shading net, which 
simulates conditions close to actual shading in oil palm 
plants at IS-2 (two years old), i.e., 40% light shading or 
60% light transmission, so that the physiological and 
morphological responses of soybeans can be observed 
in detail.

Overall, this research aims to observe the growth and 
yield of soybeans grown under shading conditions close 
to the shade conditions of oil palm plantations at IS-2 
and to determine the optimal dosage application of AMF.

MATERIALS AND METHODS

This study was conducted at the Ciparanje Experimental 
Station, Faculty of Agriculture, Universitas Padjadjaran, 
Indonesia, from October 2019 to January 2020. This site 
is located at ~752 m above sea level. The plant material 
used was the Arjasari cultivar, grown in inceptisols with 
shade treatments of 0% (i.e., without shade) and 40% 
intensity. The experiment used a split-plot design with 
shading intensity as the main plot and AMF as a sub-plot. 
The shading intensity of 40% was set using an artificial 
vinyl shade; this value was designed to be as close as the 
actual shade value of oil palm shoots during IS-2. The 
shading net intensity was adjusted to 40% or 20,300 lux, 
while light intensity in open fields was 30,560-35,011 lux. 
Therefore, the net provided shade ranges between 33.6-
42%. The shading intensity value was chosen based on 
the actual shading conditions observed in palm trees in 
a previous study. The subplots consisted of six treatment 
levels, namely, no AMF treatment and AMF treatment 
at doses of 2, 4, 6, 8, and 10 g/plant, for a total of 12 
treatments, consisting of six plants per treatment. All 
treatments were repeated four times.

Measurements of plant height and the number of 
trifoliate leaves were conducted at 2, 3, 4, 5, and 6 weeks 
after planting (WAP), with the number of productive 
branches and dry matter weight measured at 12 WAP. 
Stomatal conductance was measured by using a porometer 
(Decagon, Inc. US). The leaves chosen were the second 
leaves from the top of plants at 4, 8, and 12 WAP. The 
leaf chlorophyll index was measured using a chlorophyll 
meter (Opti Sci., US) at the second leaf from the top of the 
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plant at 4, 6, 10, and 12 WAP. Chlorophyll fluorescence 
measurements were made using a fluorescence meter 
(Hansatech Instrument). The leaf observed was the 
second leaf from the base of the plant. Measurements 
were made at 4, 6, 10, and 12 WAP. Both the stomatal 
and chlorophyll fluorescence responses were measured 
at the beginning, middle and last growing stages, 
represented by measurements at minimum values of 4, 
8, and 12 WAP. The P uptake of the plants was analyzed at 
6 WAP; at this point, the plant is beginning to move to the 
reproductive stage, where more P uptake is possible than 
in the vegetative stage. Data collected for this parameter 
were not analyzed statistically due to a lack of sample. 
However, these results can nonetheless provide a general 
description of this parameter.

P uptake analysis was carried out using the Wet 
Digestion Method (Pequerul et al. 1993). Samples were 
taken from the shoot of the plant and dried at 75 °C for 
48 h. Each sample (0.5 g) was removed and ground in a 
blender before it was placed in 25 mL Kjehdahl ash, to 
which 5 mL of HNO3 was added. Once mixed, 0.5 mL 
of HClO4 was added to the flask, which was then shaken 
gently so that all the sample was wetted; the mixture was 
then left overnight. The flask was then heated in a smoke 
room over low heat, with the heat slowly increased to a 
temperature of 350 °C. The digestion was complete when 
white steam emerged, and a clear extract was obtained 
(about 4 h); 50 mL of distilled water was added, and the 
mixture was shaken for a while before being transferred 
to a distillation tube. A comparison was also made using 
a blank sample. 

For P absorption measurements, 1 mL of extract 
and standard series were pipetted into each test tube, 
to which 9 mL of 0.25% La solution was then added 
and the mixture was shaken until homogeneous. P 
absorption was measured using a standard series flame 
photometer as a comparison in the Atomic Absorption 
Spectrophotometry (AAS) room. P absorption was 
measured using the following equation (%):

= ppm curve × mL extract / 1000 mL × 100g / example 
× Fp × fkFk
= ppm curve × 50/1000 × 100/250 × 10 × Fk
= ppm curve × 0.2 × Fk

where Fp is the dilution factor (if any); Fk is the moisture 
content correction factor = 100 / (100 - moisture content 
percentage). At the end of the experiments (24 WAP), 
the pod number, seed number per pod, seed weight and 
100-seed weight were measured.

The collected data were analyzed using the Analysis 
of Variance (ANOVA) approach with the F test at a 95% 
confidence interval. If the difference in the average 
treatment effect was found to be significant, then further 
tests were conducted with Duncan’s Multiple Range Test 
(DMRT) at a 95% confidence interval.

RESULTS AND DISCUSSION

PLANT HEIGHT

Statistical analysis showed no interaction effect between 
shade and AMF treatment. However, both shade intensity 
and AMF dosage independently significantly influence 
plant height at all measurements (Table 1). Shade 
treatment of 40% increased plant height significantly 
more than the 0% shade treatment. Treatments using 
different AMF dosages at 2 WAP showed that f6 treatment 
(10 g AMF/plant) produced higher plants ​​than f1, f2, and 
f3 treatments. Likewise, plant height under f6 treatment 
at 6 WAP was higher than the other dosages.

NUMBER OF TRIFOLIATE LEAVES

There was a significant interaction effect between shade 
intensity and AMF dosage on the number of trifoliate 
leaves observed only at 2 WAP. However, the shaded 
and AMF treatments alone, i.e., 3, 4, 5, and 6 WAP did 
not show any significant difference in the number of 
trifoliate leaves even there was no significant interaction 
effect (Table 2).

NUMBER OF PRODUCTIVE BRANCHES

There was no interaction effect observed between shade 
intensity and AMF dosage on the number of productive 
branches. However, there was a significant difference 
observed in the case of treatment solely with AMF, where 
the f6 treatment (10 g AMF/plant) showed a significantly 
higher number of productive branches than the other 
treatments (Table 3).

LEAVES CHLOROPHYLL INDEX

The value of the chlorophyll index at 10 WAP was 
significantly affected by the interaction of shade and 
AMF dosage in shaded conditions. Increasing AMF 
dosage increased the leaves’ chlorophyll index at 10 WAP 
(Table 4). In the shade-only tests (i.e., no AMF dosage, 
Table 5), shade significantly affected the leaf chlorophyll 
index. Chlorophyll index values were higher with shade 
treatment than without shade in all measurements. 
Meanwhile, no significant differences were observed 
under different AMF dosage treatments (Table 5).
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TABLE 1. Independent effect of shade intensity and AMF dosage on the height of soybean plants at 2 WAP, 3 WAP, 4 WAP, 5 
WAP and 6 WAP

Treatments
Plant height (cm)

2 WAP 3 WAP 4 WAP 5 WAP 6 WAP

Shade intensity

n1 (40% shade)
19.54 a 29.07 a 37.64 a 67.47 a 88.03 a

n2 (0% shade) 14.85 b 24.97 b 34.90 b 47.80 b 58.22 b

AMF dosage

f1 (control)
14.67 c 22.35 c 29.77 b 49.23 c 62.50 c

f2 (2 g AMF/plant) 15.10 bc 23.03 bc 30.04 b 49.38 c 63.58 bc

f3 (4 g AMF/plant) 15.51 bc 23.83 abc 32.29 ab 51.04 ab 66.77 b

f4 (6 g AMF/plant) 16.01 ab 23.96 ab 31.10 ab 52.65 ab 65.75 b

f5 (8 g AMF/plant) 16.05 ab 24.79 b 32.67 ab 52.80 ab 64.38 bc

f6 (10 g AMF/plant) 16.85 a 26.15 a 34.71 a 54.71 a 69.13 a

           Note: An average value followed by the same letter in the same column shows no significant difference according to Duncan’s multiple range test
                at a 95% confidence interval

TABLE 2. Independent effect of shade intensity and AMF dosage on the number of soybean trifoliate leaves at 3, 4, 5, and 6 
WAP

Treatments
Number of trifoliate leaves

3 WAP 4 WAP 5 WAP 6 WAP

Shade intensity

n1 (40% shade)
2.03 a 3.21 a 8.46 a 11.61 a

n2 (0% shade) 1.99 a 3.35 a 8.22 a 11.60 a

AMF dosage

f1 (control)
2.00 a 3.13 a 7.83 a 11.62 a

f2 (2 g AMF/plant) 1.96 a 3.13 a 8.75 a 11.63 a

f3 (4 g AMF/plant) 2.04 a 3.21 a 8.00 a 11.79 a

f4 (6 g AMF/plant) 2.00 a 3.30 a 8.58 a 11.58 a

f5 (8 g AMF/plant) 2.00 a 3.33 a 8.17 a 10.92 a

f6 (10 g AMF/plant) 2.04 a 3.60 a 8.71 a 12.08 a

                 Note: The average value followed by the same letter in the same column shows no significant difference according to Duncan’s multiple range test at a 95% confidence 
                            interval
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TABLE 3. Independent effect of shade intensity and AMF dosage on number of productive branches at 12 WAP

Treatments Number of productive branches
Shade intensity

n1 (40% shade) 4.70 a

n2 (0% shade) 4.82 a

AMF dosage
f1 (control)

3.54 d

f2 (2 g AMF/plant) 4.21 c

f3 (4 g AMF/plant) 4.50 bc

f4 (6 g AMF/plant) 4.92 bc

f5 (8 g AMF/plant) 5.09 b

f6 (10 g AMF/plant) 5.78 a

                                                     Note: The average value followed by the same letter in the same column shows no significant difference
                                                     according to Duncan’s multiple range test at a 95% confidence interval

TABLE 4. Interaction between shade intensity and AMF dosage on soybean leaves chlorophyll index at 10 WAP

Leaves Chlorophyll Index (CCI)

Shade 
intensity

AMF dosage

f1 (control) f2 (2 g AMF/

plant)

f3 (4 g AMF/

plant)

f4 (6 g AMF/

plant)

f5 (8 g AMF/

plant)

f6 (10 g AMF/

plant)

n1 
(40% Shade)

26.80 a 25.44 a 25.99 a 34.81 a 38.70 a 40.50 a
C C C B AB A

n2 

(0% Shade)

32.90 a 37.05 a 37.33 a 34.64 a 34.14 a 37.33 a

A A A A A A
               Note: The average value followed by the same letter in the same column shows no significant difference according to Duncan’s multiple range test 
                     at 95% confidence interval; capital letters are read horizontally while lowercase letters are read vertically

TABLE 5. Independent effect of shade intensity and AMF dosage on soybean leaves chlorophyll index at 4 WAP, 6 WAP, and 12 
WAP

Treatment
Leaves Chlorophyll Index (CCI)

4 WAP 6  WAP 12 WAP
Shade intensity

n1 (40% shade) 19.94 a 28.11 a 36.81 a
n2 (0% shade) 18.36 b 25.20 b 26.64 b
AMF dosage

f1 (control) 17.88 a 24.63 a 28.68 a
f2 (2 g AMF/plant) 18.20 a 25.74 a 29.74 a

f3 (4 g AMF/plant) 18.46 a 25.98 a 31.99 a

f4 (6 g AMF/plant) 19.48 a 27.14 a 32.83 a

f5 (8 g AMF/plant) 20.01 a 27.51 a 32.85 a

f6 (10 g AMF/plant) 20.89 a 28.95 a 34.29 a
                       Note: The average value followed by the same letter in the same column shows no significant difference according to Duncan’s 
                                  multiple range test at a 95% confidence interval
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STOMATAL CONDUCTANCE

Based on Table 6, the shaded treatment significantly 
increased stomatal conductance at 4 and 12 WAP. 

However, AMF treatment showed no significant 
differences in stomatal conductance under all treatments. 

TABLE 6. Independent effect of shade intensity and AMF dosage on soybean leaves stomata conductance at 4 WAP, 8 WAP, and 
12 WAP

Treatment
Stomata conductance (mmol H2O/m2s)

4 WAP 8 WAP 12 WAP

Shade intensity

n1 (40% shade) 452.94 a 263.25 a 192.55 a

n2 (0% shade) 363.94 b 212.30 a 125.63 b

AMF dosage
f1 (control)

391.66 a 197.20 a 176.82 a

f2 (2 g AMF/plant) 431.74 a 227.07 a 151.27 a

f3 (4 g AMF/plant) 460.91 a 235.86 a 158.50 a

f4 (6 g AMF/plant) 388.84 a 240.64 a 162.01 a

f5 (8 g AMF/plant) 429.66 a 244.64 a 133.62 a

f6 (10 g AMF/plant) 347.84 a 281.21 a 172.33 a
                               Note: The average value followed by the same letter in the same column shows no significant difference according 
                                            to Duncan’s multiple range test at a 95% confidence interval

CHLOROPHYLL FLUORESCENCE

The shade treatment yielded significantly lower values of 
chlorophyll fluorescence. However, the AMF treatments 
did not significantly affect this value (Table 7).

TABLE 7. Independent effect of shade intensity and AMF dosage on chlorophyll fluorescence at 4 WAP, 6 WAP, 8 WAP, and 12 
WAP

Treatment
Chlorophyll fluorescence (index fv/fm)

4 WAP 6 WAP 10 WAP 12 WAP

Shade intensity

n1 (40% shade)
0.74 b 0.73 b 0.75 b 0.74 b

n2 (0% shade) 0.79 a 0.79 a 0.79 a 0.76 a
AMF dosage

f1 (control)
0.72 a 0.77 a 0.76 a 0.75 a

f2 (2 g AMF/plant) 0.78 a 0.75 a 0.76 a 0.76 a

f3 (4 g AMF/plant) 0.77 a 0.76 a 0.76 a 0.73 a

f4 (6 g AMF/plant) 0.77 a 0.76 a 077 a 0.76 a

f5 (8 g AMF/plant) 0.77 a 0.76 a 0.76 a 0.75 a

f6 (10 g AMF/plant) 0.76 a 0.77 a 0.78 a 0.76 a

                    Note: The average value followed by the same letter in the same column shows no significant difference according to Duncan’s 
                             multiple range test at a 95% confidence interval
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ABSORPTION OF PHOSPHATE IN PLANTS

Based on Table 8, under n1 conditions (40% shade), the 
P2O5 value in plants (0.59%) tends to be lower than under 
n2 conditions (0% shade) (0.75%). However, P absorption 
was higher in the n1 treatment at 0.07 g/plant than n2 with 

0.06 g/plant. In terms of varying AMF dosages, f2 (2 g 
AMF/plant) treatments yielded the highest percentage of 
P2O5 update based on its dried matter, followed, in order 
by f6 (10 g AMF/plant), f3 (4 g AMF/plant), f4 (6 g AMF/
plant), f5 (10 g AMF/plant), and f1 (control). 

TABLE 8. Independent effect of shade intensity and AMF dosage on phosphate uptake at 6 WAP

Treatment P2O5 (%) Absorption of phosphate (P) (g)

Shade intensity

n1 (40% shade) 0.59 0.07

n2 (0% shade) 0.75 0.06

AMF dosage

f1 (control) 0.45 0.04

f2 (2 g AMF/plant) 0.83 0.10

f3 (4 g AMF/plant) 0.71 0.06

f4 (6 g AMF/plant) 0.64 0.07

f5 (8 g AMF/plant) 0.63 0.05

f6 (10 g AMF/plant) 0.76 0.07

DRY WEIGHTS

There was no interaction effect observed between 
shade intensity and AMF dosage in the plant dry weight 
variables. However, in terms of independent effects, AMF 
treatment had a significant effect on the plant dry weight, 
whereas no significant change was observed with varying 

shade intensity (Table 9). Based on Table 9, at both 6 
and 12 WAP, the f6 treatment (10 g AMF/plant) gave 
significantly higher dry root weight results than other 
treatments. However, the 12 WAP result was not found to 
be significantly different from treatments f4 and f5. The 
dry shoot weight at 12 WAP gave the best results with 
the f6 (10 g AMF/plant) treatment than other treatments.

TABLE 9. Independent effect of shade intensity and AMF dosage on soybean dry weights of roots and shoot at 6 WAP and 12 
WAP

Treatment

Dry weight (g)

Root Shoot

6 WAP 12 WAP 6 WAP 12 WAP
Shade intensity

n1 (40% shade) 8.17 a 18.30 a 14.68 a 38.99 a
n2 (0% shade) 9.53 a 18.95 a 14.86 a 40.41 a
AMF dosage

f1 (control)
5.49 c 16.91 b 11.34 c 36.13 b

f2 (2 g AMF/plant) 5.97 c 17.70 b 13.09 bc 37.98 b

f3 (4 g AMF/plant) 8.13 c 17.03 b 14.20 abc 41.58 b

f4 (6 g AMF/plant) 8.09 c 18.64 ab 15.14 ab 39.50 b

f5 (8 g AMF/plant) 11.56 b 19.68 ab 17.13 ab 38.07 b

f6 (10 g AMF/plant) 14.01a 21.94 a 17.73 a 44.94 a
                    Note: The average value followed by the same letter in the same column shows no significant difference according to Duncan’s 
                             multiple range test at a 95% confidence interval
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PLANT YIELD COMPONENTS

Based on Table 10, statistical analysis showed that there 
was no interaction effect between shade intensity and 
AMF dosage on the number of pods and the number of 
seeds per pod. In terms of independent effects, the shade 
intensity and AMF dosage treatments individually had 
the same effect on the number of pods per plant, i.e., 
no significant differences. However, for the effects of 
independent treatments on the number of seeds per pod, 
shade intensity did not show any changes. AMF dosage 
f6 (10 g AMF/plant) treatment yielded the highest number 
of seeds per pod than other treatments.

Statistical analysis showed that there was no 
interaction effect between shade intensity and AMF 
dosage on the number of pods and the number of seeds per 
pod. In terms of independent effects, the shade intensity 
and AMF dosage treatments individually had the same 
effect on the number of pods per plant, i.e., no significant 

differences. For the effects of independent treatments 
on the number of seeds per pod, shade intensity did not 
show any changes. However, AMF dosage f6 (10 g AMF/
plant) treatment yielded the highest number of seeds per 
pod than other treatments.

The statistical analysis results showed that there 
were no interaction effects between shade intensity 
and AMF dose on pod weight and the weight of 100 
grains. In terms of independent effects, there were no 
statistically significant differences with varying shade 
intensity. However, for varying AMF dosages, the f6 (10 
g AMF/plant) and f5 (8 g AMF/plant) treatments gave 
significantly higher pod weights than the f1 treatment 
(control), but with no statistical differences from f2, f3 
and f4 treatments. For the weight of 100 grains variable, 
the f6 (10 g AMF/plant) treatment showed a weight of 
100 pods significantly higher than for the f1 (control), f2 
and f3 (6 g AMF/plant) treatments, but the same as the f4 
and f5 treatments.

TABLE 10. Effect of shade intensity and AMF dosage on the plant yield components at 12 WAP

Treatment Number of pods per 

plant

Number of seeds per 

pod

Pod weight (g) Weight of 100 

grains (g)

Shade intensity

n1 (40% shade) 32.38 a 2.04 a 32.20 a 16.36 a

n2 (0% shade) 38.25 a 2.10 a 37.08 a 16.55 a

AMF dosage

f1 (control) 31.13 a 1.99 b 25.50 b 14.77 c

f2 (2 g AMF/plant) 31.50 a 2.01 b 32.59 ab 16.07 bc

f3 (4 g AMF/plant) 33.63 a 2.02 b 33.27 ab 16.21 bc

f4 (6 g AMF/plant) 33.63 a 2.05 b 34.78 ab 16.84 ab

f5 (8 g AMF/plant) 39.88 a 2.08 b 37.72 a 17.26 ab

f6 (10 g AMF/plant) 42.13 a 2.24 a 43.96 a 17.57 a

        Note: The average value followed by the same letter in the same column shows no significant difference according to Duncan’s multiple range 
           test at a 95% confidence interval

DISCUSSION

Soybean plants grown in shaded conditions were taller 
than plants grown in an unshaded environment. This is 
because the plants under shade display the presence of 
symptoms of etiolation. Etiolation occurs when a lack 
of sunlight causes the production and distribution of 

plant hormone such as the high levels of auxin and lower 
level of cytokinin (Mubarok et al. 2020b; Nuraini et al. 
2021; Rosniawaty et al. 2020), thereby stimulating cell 
extension and increasing the crop height by more than 
25% (Widiastuti et al. 2004). 
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In terms of AMF dosage treatment, in general, the f6 
(10 g AMF/plant) treatment showed the greatest results 
compared to other treatments. This is interpreted to be 
because of the increased number of spores, resulting in 
more hypha, with a corresponding increase in the area 
for absorption of water and nutrients. This finding is 
consistent with Niswati et al. (2011), who found that the 
application of 10 g AMF/plant can increase plant growth 
compared to other treatments with lower doses. According 
to Sinwin et al. (2006), mycorrhiza infections increased 
the height of the plant due to the increased nutrient intake 
through increased mass flow.

At 3 to 6 WAP, shade intensity and AMF dosage did 
not significantly affect the number of trifoliate leaves. 
This may be because shaded conditions do not have 
any specific effect on trifoliate leaf frequency compared 
to unshaded conditions. Thus, it is suggested that it is 
possible to use an intercropping system to grow soybeans 
under shaded conditions. Taiz and Zeiger (2002) reported 
that plants increase their efficiency of light capture by 
increasing leaf area without increasing the number of 
trifoliate leaves. This change is suggested to occur to 
maintain the balance of photosynthesis usage.

The observed increases in plant height, chlorophyll 
index and stomatal conductance under shading and 
AMF application indicate that, morphologically and 
physiologically, the plants were not significantly affected 
by the shading treatment. This result is in accordance 
with a study by Chairudin and Sabaruddin (2015), 
who reported that shading-tolerant traits tend to lead to 
improvement in morphological traits such as plant height 
and leaf thickness. According to Evans and Poorter 
(2001), the leaves of soybeans become thinner and the 
surface area of the leaf becomes wider in shade-tolerant 
varieties, with the aim of increasing the area of light 
absorption and light harvester tissues to optimize the 
process of photosynthesis. Fan et al. (2019) stated that 
compared with leaves under normal light (CK) treatment, 
leaves under shading treatment exhibited decreased 
palisade and spongy tissue thicknesses but significantly 
increased cell gap.

The f6 (10 g AMF/plant) treatment gave the best 
results in terms of the number of productive branches 
of the plant, possibly due to the larger amount of spores 
than under other treatments, indicating that the AMF 
has a substantial opportunity to colonize the plant roots. 
Inoculation with AMF or PSF increased nutrient uptake 
and improved the gas exchange and Chl fluorescence 
parameters (Zai et al. 2021).

The chlorophyll index values of soybean leaves at 10 
WAP showed that AMF application gave better results 
under 40% shade compared to plants grown without 
shade. It is suspected that the development of the AMF 
improved water availability for the plants. The micro-
climate in the shaded condition means water availability 
can be maintained due to lower evaporation rates than 
unshaded conditions. According to Nopphakat et al. 
(2022), the AMF spores can grow and develop well in 
soil with sufficient water availability. The percentage 
of root infections is lower in limited water conditions 
because mycorrhiza will remain dormant in the form of 
spores (Suherman 2008). Thus, higher water availability 
provides better development opportunities for AMF.

The soybean plants grown under 40% shade had 
higher chlorophyll index and stomatal conductance 
values than those grown under 0% shade. This result 
is thought to be a crop response to low light intensity 
or low light tolerance. Wang et al. (2021) stated that, 
in lettuce, the lighting direction had a profound effect 
on the morphological characteristics, especially in leaf 
morphology and stomatal characteristics where the plants 
adapted to the changing lighting environments.

Absorption of P in 40% shade conditions tends 
to be greater than in unshaded conditions. A different 
micro-climate causes more water availability in planting 
conditions under shade, where more groundwater 
availability leads to higher absorption (Rosi et al. 2016). 
The increased abundance of water serves to dissolve 
nutrients and mineral substances so that they are easily 
absorbed by plants. The treatments with various AMF 
doses showed higher percentages of P2O5 than observed 
in the control experiment. The application of AMF 
increased P uptake in plants compared to those without 
AMF application. This finding is in agreement with the 
research results of Hasanudin (2002), who identified that 
with increasing application of mycorrhiza to soybeans, 
the absorption of N, P, and K on the leaves increased, 
compared to plants without AMF application. 

The dry weight results did not differ in soybeans 
planted under and without shade. This was presumed to 
relate to the soybean plants’ low light intensity tolerance 
so that the process of photosynthesis and plant growth 
could continue optimally in the shade. In soybeans 
that are sensitive to low light intensity, the dry weight 
of the plant would be significantly reduced. In terms 
of AMF dosage, the f6 treatment (10 g AMF/plant) 
generally showed the greatest result compared to the 
other treatments, likely due to the increased likelihood of 
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AMF symbiosis causing the plant roots to become larger. 
The symbiosis between the AMF and the plant roots 
increased the root length and the rooting system. The 
introduction of mycorrhiza increased the ability of plants 
to absorb water and nutrients, as indicated by an increase 
in the number and dry weight of the roots (Jannah 2011).

Regarding the number of pods, the shade intensity 
treatment and AMF dosage produced similar results, 
potentially because the number of pods is controlled 
more strongly by genetic factors than environmental 
ones. Barmawi et al. (2013) state that the characteristics 
of flowering age, harvest age, and the number of pods 
per plant have a high heritability value. This high 
heritability value indicates that genetic factors are 
more instrumental in controlling a trait compared 
to environmental factors. Therefore, in this case, the 
treatment types do not exhibit a significant effect.

The 40% shade treatment had the same effect as 
0% shade on the variation in the number of seeds per 
pod, the weight of the pod, and the 100-grain weight. It 
is suspected that this is because the plants are low-light-
tolerant. Plant tolerance is characterized by an increase in 
chlorophyll index (Table 4), stomatal conductance (Table 
6) and chlorophyll fluorescence (Table 7). However, the 
yields of shaded plants show no significant differences 
in comparison to those grown under full light intensity 
conditions (Table 10). The change in the morphological 
character and physiology of the leaves is a form of crop 
mechanism that allows photosynthesis to be maintained 
in shaded conditions with optimal production (Evans & 
Poorter 2001). Soverda (2012) also states that a shade 
level of 50% in shade-tolerant soy plants does not 
significantly decline the number of pods, seed size, or 
seed crops. A plant’s tolerance to shade is determined 
by its ability to carry out the process of photosynthesis, 
usually in shaded conditions.
           The AMF dosage that yielded the best results was 
the f6 (10 g AMF/plant) treatment, both in the number 
of seeds per plant and 100-grain weight. Similarly, the 
best results for pod weight of pods were achieved 
using the f6 (10 g AMF/plant) and f5 (8 g AMF/plant) 
treatments. This is because, at higher dosages, the 
AMF has increased opportunities to form hypha, and 
symbiotic relationships with the plant will be increasingly 
greater. Plant-microbe interactions improve the ability 
of biological inocula involving AM fungi and bacteria 
to enhance the sustainability of agricultural crops in 
P-limited conditions (Jiang et al. 2021). The increased 
absorption of N, P, and K can increase the rate of 
photosynthesis, which will then increase production. AMF 

also has a phosphatase enzyme that converts P from forms 
that are unavailable to plants (Oktaviani et al. 2014). 
Damanik et al. (2011) state that P plays an essential role in 
the body of plants, including cell division, the formation 
of flowers, fruits and seeds, and improving the quality 
of crop yields. The research results of Suherman et al. 
(2012) stated that the AMF administration increased the 
number of pods compared to treatments without AMF. 
Sukmasari et al. (2018) also stated that a dose of 10 
grams of mycorrhizal per polybag increased the number 
of seeds per plant and the 100-grain soybean weight.

CONCLUSION

Based on the results of this study, we suggest that an 
intercropping system between soybeans and oil palm 
plants is possible with 2-year old oil palm plants without 
any significant decrease in yields. Moreover, this 
approach can improve the plants’ physiological traits, 
which is useful for improving yields in future adaptations. 
The addition of AMF can improve soybean growth and 
yields due to increases in soil nutrients, especially P.
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