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Abstract | The study was aimed to investgate utilization M2 generation of Indigofera zollingeriana results from gam-
ma-ray irradiation as a roughage animal feed and its effect in soil characteristics on saline soil. The study used a rand-
omized block design (RBD) with four treatments of gamma-irradiated M2 generation I. zo/lingeriana (0,100, 200, and
300 gray) and six replications. The data were analyzed by ANOVA and then evaluated using an orthogonal polynomial
contrast test. In this study, the soil characteristics were analyzed descriptively. The findings showed that there was no sig-
nificant difference (P > 0.05) between the M2 I zollingeriana generations in terms of quantity and quality. Numerically,
300 Gy treatment produced the most dry matter production (11.08 t ha-! y-'). When compared with those that are not
irradiated, the impact of radiation can result in an increase in dry matter yield of 1.2 t ha-' y-'.'The highest crude protein
content (26%) was seen in the 300 Gy treatment. The digestibility of dry and organic matter peaked at 200 Gy (73.65
and 72.26%, respectively). The 200 Gy treatment had the highest proline concentration (65450 ppm). The population
of phosphate-solubilizing bacteria was highest at 100 Gy (2.0° x 10° CFU/g). It was concluded that M2 I. zollingeriana
irradiation treatment could produce more production and quality compared to non-iradiated treatments and could in-
crease the population of phosphate-solubilizing microbes in saline soil.
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INTRODUCTION production systems for feed supply. Indigofera zollingeria-

na is a type of legume good for consumption to stimulate

he expansion of livestock, particularly ruminants, the growth performance of livestock, particularly ruminant
should be accompanied by the development of forage liVCStOCk, which impact on pI‘OduCtiVity, and increases the
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number of livestock kept (Smykal ez a/., 2014; Ginting e#
al., 2020).

(Abdullah and Suharlina 2010) found that the dry mater
production of I zollingerianara was 40.96 t/ha/year, with
a protein content of 27.60%, and in vitro dry matter di-
gestibility of 67-81%. (Tarigan ez a/., 2010) observed a 60-
day production rate of 31.23 t/ha/year, with CP content
of 25.50%-25.81%, in vitro dry and organic matter digest-
ibility (77.13 and 68.10% respectively). (Ali ez al., 2021)
studied I. zo/lingeriana on peatlands with a two-month cut-
ting interval produced CP content of 27.45%, crude fiber
of 16.50%, crude fat of 2.11%, ash of 7.55%, and BETN of
46.39%.

As a legume plant, it has rhizobium in its root nodules,
which can increase the N concentration in the soil (Kumari
et al., 2010). Soil biophysical improvements were also re-
ported by (Agisti ez a/., 2014) using legume cover crops in
former coal mining areas and had a real effect on increasing
organic C and total N, soil pH, and increasing the available
P from 24-25 ppm to 55-64 ppm.

Farmers’ efforts to develop 1. zollingeriana are constrained
by land availability due to land use competition (Budiari
and Suyasa, 2019). The very rapid increase in human pop-
ulation requires a place to live, so agricultural land is in-
creasingly reduced and much fertile agricultural land is be-
ing converted (Jalaludin ez a/., 2010; Harahap ez a/., 2017),
forcing the conversion of grazing land for residential or in-
dustrial purposes (Mapiye ez a/., 2007). In connection with
this problem, one alternative is to expand livestock areas to-
ward marginal land. Marginal land is problematic land and
has high limiting factors for plants. One of the marginal
lands that has high potential in Indonesia is the coastal sa-
line land, with a potential size of 108,000 km (BPS, 2022).

Several studies have been carried out to improve the quality
of saline land, including the use of organic materials (Arifi-
ani et al., 2018; Parnianto ez a/., 2022), the use of mulch to
save soil moisture in the dry season (Purwaningrahayu and
Taufig, 2018), and the application of rhizosphere bacteria
to increase the weight of cucumber fruit (Alfya ez a/.,2017).
However, the efforts mentioned above have not shown sig-
nificant results in the development of crops and require very
high costs, so saline land has not been widely used. Based
on the problems above, an alternative that can be done is to
create new salinity-tolerant genetics. According to (Zeng
et al., 2002), obtaining salt tolerance in rice genotypes base
on physiological characteristics will be more profitable in
the long term than dealing with salinity problems in agri-
cultural production.

Plant breeding involves selecting from a diversity of geno-
types with high yields. It is necessary to form a diverse pop-

ulation first. In feed crop commodities, research on new su-
perior varieties that are tolerant to saline soil is limited. The
information obtained is still limited to increasing genetic
diversity through gamma-ray irradiation in 1. zo//ingeriana
plants (Hutasoit ez /., 2022). The results of radiosensitivity
analysis through the Lethal Dose 50 (LD 50) test obtained
the best growth in four dose treatments, including 0, 100,
200, and 300 Gray, which is called mutant 1 (M1). The four
M1 mutants can be used as genetic material to form new
superior varieties that are tolerant to salinity, and then the
research was continued with adaptation tests on saline soil
to obtain M2.This is an absolute requirement in the forma-
tion of new superior varieties of plants. A promising geno-
type of I zollingeriana will be obtained that grows well in
conditions of environmental stress by taking into account
the parameters of agronomic and physiological changes in

plants (Mustikarini ez a/., 2022; Niedbata ez al., 2022).
MATERIALS ND METHODS

LAND AND SEED PREPARATIONS

This activity was carried out in saline soil with a salt con-
tent of 12 dS/m. The soil structure was 91% sandy, 4% silt,
and 5% clay. pH 5.6, total N 0.10%, organic C 1.0%, total
P,O5 7 mg/100 g, P available 26.2 ppm.

The genetic material used was four M2 generations of L
zollingeriana resulting from gamma-ray irradiation. Name-
ly: 0 Gy, 100 Gy, 200 Gy, and 300 Gy. The seeds were plant-
ed in polybags measuring 10 x 15 cm and containing soil
media. The growing plants were watered and cleaned of
weeds for one month until they were approximately 10 cm
tall and moved to the research location.

Dry MATTER YIELD

Plant biomass production, including leaf weight and twig
weight, started to be harvested at the beginning of flower-
ing (10%) and occurred 180 days after planting with a 60-
day cutting interval. The plants were cut one meter above
ground level. Data from each plot and the number of har-
vests were used to calculate production (t ha™ y?). Plant

samples were taken (300 g/plot) and then dried at 65 °C for

72 hours in an oven to obtain dry matter (DM) production.

LeAF/STEM RaTIO

'The proportions of leaves and stems were measured at each
harvest. A 500 gr/plot sample was taken to determine the
ratio of leaves and stems. After separation, each fraction
was weighed to calculate the leaf-to-stem ratio. All the data
were averaged at the end of the experiment.

PLANT MORTALITY
'The mortality of the plant was characterized by wilted
leaves and dry, brittle stems and was calculated based on
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the following formula:

—Number of dead plants

x 100%

Percentage of dead plants =
g f p Total plants tested

NuTRITIONAL COMPOSITIONS

'The dried samples were ground using a hammer mill with a
sieve with a diameter of 1.0 mm and then analyzed for the
content of crude protein (Kjeldahl), crude fiber, and crude
fat. Part of the samples were put in an electric furnace at

600 °C for 2 hours, then weighed to determine the ash con-
tent (AOAC, 2005). Neutral detergent fiber (NDF) and
acid detergent fiber (ADF) were analyzed according to the
method of (Van Soest ef al., 1991).

IN VITRO DIGESTIBILITY

In vitro DM and OM digestibilities were carried out ac-
cording to the method of (Tilley and Terry 1963). Cow
rumen fluid obtained from the slaughterhouse was used.
Rumen fluid was collected into an empty flask containing
hot water to maintain the temperature in the flask around
39-40°C. Samples weighing 1.5 g from each treatment
were put into a fermenter tube, then 18.0 ml of artificial
saliva solution (McDougall solution) was added, then inoc-
ulated with 12.0 ml of rumen fluid. Each in vitro medium
was given CO2 gas for + 30 seconds to keep it in anaerobic
conditions. The tube was placed in a water bath shaker at
39°C shaker and incubated. After 48 hours, drip 0.2 ml
of saturated HgCl, (2-3 drops). Next, the tube was cen-
trifuged at a speed of 5000 rpm for 20 minutes. After the
supernatant was discarded, the precipitate resulting from
centrifugation in a fermenter tube was then dissolved with
30 ml of HClI-pepsin solution (0.2%) in an acidic atmos-
phere and incubated for 48 hours in an aerobic atmosphere
at a temperature of 39-40°C . Next, the solution is filtered.
'The filtrates were then dried in an oven at 105°C for 24
hours and then weighed to determine the dry matter di-
gestibility (IVDMD). The samples were then dried in an
electric furnace at 600°C for 24 hours and then weighed to
determine the organic matter digestibility IVDOM).

PROLINE CONCENTRATION

A total of 0.5 g of leaf samples (fully developed leaves) were
used to analyze the proline content using the method of
(Bates ez al., 1973). Proline concentration was determined
by a pure proline standard curve and calculated based on
fresh weight. Measurements were modified using a spec-
trophotometer.

TANNIN CONTENT

Incubation was carried out using the method of (Abdul-
razak and Tsutomu 1999). Samples of 200 mg were put
into a 10 ml tube filled with 70% acetone and shaken for
90 minutes at 30°C, at 130 cycles per minute. The solution
was centrifuged at 3000 gratification at 4°C for 20 min-

utes, then stored in the refrigerator at 4°C . To determine
the total phenol, put 0.05 ml of the original extract into
a test tube. Prepare a blank containing 0.1 ml of distilled
water and a standard solution (tannic acid) (0.5 mg/ml of
solvent; 0.02, 0.04, 0.06, 0.08, and 0.1 ml). Put 100 mg of
PVP into a test tube, add 5 ml of original extract to the tube,
and put it on ice for 5 minutes. Vortex put it back on ice for
7 minutes. The tube was centrifuged at 3000 g for 10 min-
utes. Take the supernatant. Take 0.1 ml of extract into a test
tube, add 0.9 ml of distilled water, 0.5 ml of folin solution,
and 2.5 ml of Na CO, solution, leave for 35 minutes, and
read at a wavelength of 725 nm. Total tannin = total phenol
— total phenol PVP.

SOIL CHARACTERISTICS

Soil samples were taken before planting and after harvest-
ing I zollingeriana plants. Soil extraction was carried out
compositely using a soil drill with a depth of 20 cm. On
each plot, taken from five different points and weighing as
much as 500 g. The next chemical analysis of the soil is car-
ried out, including soil texture (pipette method), pH (pH
meter), organic C (Walkey and Black), nitrogen (Kjedhal),
potential phosphorus and potassium (HCI 25%), available
P (Bray I), available K (Morgan), Ca and Mg (AAS), K
and Na (flamephotometry), and cation exchange capacity
(CEC) (distillation, ammonium acetate at pH 7).

Soil microorganisms analysis was carried out by counting
colonies of nitrogen-fixing bacteria and phosphate-solubi-
lizing bacteria. N-fixing bacteria were counted using the
plate count method, which was inoculated before the nu-
trient agar medium. Meanwhile, P-solubilizing bacteria use
Pikovskaya media (Saraswati, 2007). Colonies of N-bind-
ing bacteria were characterized by a pink, round, and con-
vex color, while P-solubilizing bacteria were characterized
by a clear color using the following formula:

(number of colonies) x (df)

dm of soil

Number of populations (CFU) g — 1 dry soi =

df = dilution factor in the petri dish whose colonies are
counted
dm = dry matter of soil sample (g) = wet weight x (1- water
content)

STATISTICAL ANALYSIS

The experimental design was a randomized block design
(RBD), with four generations of M2 I. zol/ingeriana result-
ing from gamma ray irradiation. Namely: 0 Gy, 100 Gy,
200 Gy, and 300 Gy with six replications.

The statistical analysis production and quality were analyz-
ed by ANOVA, and when there was a significant difference,
the data was further analyzed with the orthogonal polyno-
mial contrast test in SPSS v.25.The soil characteristics were

September 2024 | Volume 12 | Issue 9 | Page 1691

oo .
Sols Links
OResearchers



OPENaACCESS

Advances in Animal and Veterinary Sciences

analyzed descriptively.

RESULTS AND DISCUSSION

DRy MATTER PRODUCTION

The characteristics of dry matter (DM) production and
growth of the four M2 generations of I zollingeriana re-
sulting from gamma-ray irradiation on saline soil are pre-
sented in Table 1.The results showed that DM production
was not significantly different (P > 0.05) across M2 gener-
ations. Numerically, the highest DM production was found
in the 300 Gy treatment (11.08 t ha™ y'), with treatments
of 0,100, and 200 Gy, respectively, obtaining 9.8, 8.31, and
8.88 t ha' y. Potential yield increased by 1.2 t ha! y

(12.14%) compared to non-irradiation treatment.

Table 1: DM production and growth characteristics of 1.

zollingeriana on saline soil.

Parameter Radiation Dosage (Gray)

0 100 200 300
DM Production (tha?y?)  9.88* 8.31* 8.88* 11.08*
Leaf/stem ratio 0.70* 0.72* 0.64* 0.69*
Single leaf area (cm?) 5e 6 52 52
Compound leaf area (cm?) 80° 98 73 89°

Mortality (%) 3 433 433 3
Different superscripts on the same line indicate significant
differences (P<0.05)

DM: dry matter

LEAF/sTEM RATIO

Statistically, there was no significant difference in the leat/
stem ratio (P > 0.05) between the four genotypes tested on
saline soil. The results obtained ranged from 0.64 to 0.70
(average 0.68). Numerically, the leaf/stem ratio increased
at the 100 Gy level by 0.2 from the control. However, the
ratio decreased at the 200 and 300 Gy levels.

NUTRITIONAL CONTENT

The effect of gamma-ray irradiation on the nutrient con-
tents of 1. zollingeriana is presented in Table 2. There were
no significant effects of radiation levels (P > 0.05) on nu-
trient contents. The data shows that the dry matter content
obtained was comparable between the 0 and 100 Gy treat-
ments, 23.82 and 23.51%, respectively, then numerically
decreased in the 200 and 300 Gy treatments to 20.08 and
22.63%.

IN VITRO DIGESTIBILITY

In vitro digestibility of I zo//ingeriana was not significantly
different (P > 0.05) among irradiation doses. Dry and or-
ganic matter digestibility were numerically higher in the
200 Gy treatment (73.65 and 72.26%, respectively). There

was a positive effect by increasing the radiation dose to a

limit of 200 Gy, then decreasing at a dose of 300 Gy to
69.63 and 68.05%.

Table 2: Nutritional content and the digestibility of M2 L.

zollingeriana in saline soil.

Parameter Radiation Dosage (Gray)
0 100 200 300

Dry matter (%) 23.82*  23.51*  20.08* 22.63
Ash content (%) 7.97 7.83¢ e 7.17*
Crude protein (%) 25.39*  25.16*  25.86° 26.81°
Crude fiber (%) 22.48*  23.6* 23.02¢ 24.57
Crude fat (%) 289 263 277 285
ADF (%) 32.7° 34.6* 33.04 35.48*
NDF (%) 43.88*  43.76°  44.72° 45.41¢
IVDMD (%) 71.02  70.73* 73.65* 69.63*
IVOMD (%) 70.94  70.15*  72.26*  68.05°

Difterent superscripts on the same line indicate significant
differences (P<0.05).

ADF: acid detergent fibre; NDF: neutral detergent fibre;
IVDMD: in vitro dry matter digestibility; IVOMD: in

vitro organic matter digestibility
PHYSIOLOGICAL CHARACTERISTICS

ProvLINE:The physiological characteristics of I. zo/lingeriana
plants resulting from gamma-ray irradiation in Table 3
showed that there were no significant differences between
the treatments. The research shows that I. zol/ingeriana
plants in saline soil make physiological adaptations by
producing proline to maintain cell turgor.

Table 3: Physiological characteristics of L. zollingeriana on
saline land.

Radiation Dosage Proline content  Tannin Content
(Gray) (ppm) (%)

0 60937° 0.15°

100 61959 0.15°

200 654507 0.13*

300 55788 0.13*

Different superscripts in the same column indicate

significant differences (P<0.05)

Based on Table 3, the proline content continues to increase
with increasing radiation dose. Numerically the treatments
of 0,100, and 200 Gy, respectively, obtained 60937, 61959,
and 65450 ppm, but proline accumulation decreased dras-
tically at the highest radiation dose (300 Gy) even under
control treatment (55788 ppm).

TannIN:The tannin content in this study was classified
as very low, ranging from 0.13-0.15% compared to that
reported by (Antari ez al., 2022), ranging from 2.4-7.7%
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for several types of Indigofera in Indonesia. Although
statistically, it was not significantly different, increasing
the radiation dose was able to reduce tannin levels in I

zollingeriana plants by 0.2% from the control at levels of
200 and 300 Gy.

SoiL CHARACTERISTICS

SoiL MICROORGANISMS: Soil microorganisms before
and after planting I zollingeriana as a result of gamma
irradiation on saline soil are presented in Table 4.

Table 4: Soil microorganisms analysis before and after
planting M2 I. zollingeriana in saline soil.

Radiation Nitrogen-fixing Phosphate solubiliz-
Dosage bacteria (CFU/g) ing bacteria (CFU/g)
(Gray) Start End Start End

0 1.74x10®° 3.63x10° 3.40x10* 9.98x 108
100 1.45x10° 6.02x10° 2.72x10° 2.06x 10’
200 1.83x10° 1.75x10%° 3.72x10° 7.41x 10’
300 1.69x 108 1.26x1°9 3.72x10° 6.55x 108

'The variables are presented descriptively.

CPU/g: Colony forming unit/gram

Soil microorganisms analysis was carried out by counting
colonies of nitrogen-fixing bacteria and phosphate-solubi-
lizing bacteria. This variable is presented descriptively.

CHEMICAL ANALYSIS OF sOIL: Chemical analysis of soil
before and after planting M2 generations of I zo/lingeriana
resulted from gamma-ray irradiation on saline soil is

presented in Table 5.

In general, observations were made to determine changes
in soil structure and chemistry before and after planting I.
zollingeriana in saline soil. Without involving the influence
of irradiation on plants. The discussion of the changes ob-
tained is explained descriptively.

DRY MATTER PRODUCTION

The high yields obtained in the 300 Gy treatment are
most likely due to new traits in plants through genetic
changes after receiving gamma irradiation, there is an in-
crease in mutant lines, genes whose role is being able to

provide higher dry matter production in salt stress condi-
tions which is a measure of tolerance plants against salinity
stress. Mutation breeding contributes to a significant in-
crease in plant production (Yasmin and Arulbalachandran,
2022), the physical mutagen gamma ray irradiation acts
as a more effective tool to induce new traits in Indigofera
plants to determine the potential impact on plant growth
and production.

Compared with the results of previous research, biomass
production in this study was relatively low. In the M1 gen-
eration, around 38.54 t ha y was obtained (Hutasoit ez
al., 2022). This is most likely due to differences in the type
of soil used. M1 was planted in optimal soil conditions that
had sufficient nutrient content for crop production, while
M2 planting was carried out on marginal soil (saline soil)
resulting in a decrease in crop production of 24.74% from
Ma1. This low production is because saline soil contains ex-
cessive amounts of soluble salts which interfere with plant
growth (Hailu and Mehari,2021).Increasing the concentra-
tion of dissolved salts results in low plant osmotic pressure,
low N, P, K and Ca contents and chlorophyll degradation.
'This inhibits the absorption of water and nutrients which
takes place through the process of osmosis. The amount of
water entering the roots decreases, resulting in reduced wa-
ter supplies in plants (Kamsurya, 2020; Balasubramaniam
et al., 2023).In general, there are two basic mechanisms for
plant responses to the effects of salinity, namely osmotic
and ionic mechanisms. The osmotic mechanism is a rapid
reaction of plants by limiting water absorption in the root
area due to salinity. Meanwhile, the ionic mechanism is the
ability of plants to overcome intercellular poisoning due to
an excess of certain ions (Ouhaddou ez a/., 2023).

LEAF/STEAM RATIO

These results are relatively low compared to research that
has been carried out on optimal land. Among other, (Ba-
nurea ¢/ al., 2017) reported 0.86 with different plant spac-
ing treatments (Banurea e a/., 2017). (Wagiu ez al., 2020)
obtained a ratio of 1.15 with different cutting intensities,
while (Sambuaga ez a/., 2020) obtained even higher results
with an average value of 2. The low leaf/stem ratio in this
study was probably due to the influence of the saline soil

Table 5: Chemical analysis of soil before and after planting M2 I zo//ingeriana in saline soil.

Time Texture (%) pH Organic  C/N P,05 K,O Bray1l Morgan Ca Mg K Na amount CEC BS
matter (%) P,0O5 K,O

Sand Dust Clay HO KCL C N mg/100g ppm ppm  Cmol/kg %

Start 91 4 5 56 45 1.00 010 10 7 26 262 27 1.88 0.25 0.4 0.12 2.29 3.69 62

End 92 4 4 53 43 130 0.12 11 8 21 398 35 1.73 022 0.5 0.15 2.15 431 50

'The variables are presented descriptively.

pH: Potential of Hydrogen; KCL: Kalium clorida; C: Carbon; N: Nitrogen; P,O5: difosfor pentoksida; K,O: Kalium
Oksida; Ca: Calsium; Mg: Magnesium; K: Kalium; Na: Natrium; CEC: Cation exchange capacity; BS: Base saturation.
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used which had a high NaCl concentration (dS/m >12).
Wiater absorption through roots in saline soil often experi-
ences problems because it is bound by other minerals, re-
sulting in dryness in plants (Ievinsh, 2023). Drought caus-
es structural changes in plants to maintain turgor. Smaller
stomata per unit leaf area and increased succulence result in
a lower leaf ratio, which causes a decrease in the proportion
of leaves in plants (Dos Santos e a/., 2022; Singh ez al.,
2021). The leaf/stem ratio related to the nutritional qual-
ity of Indigofera plants. The higher the proportion of leaf
fraction indicates the higher the nutritional quality of the
plants because some nutrients (protein, fat) are higher in
the leaves than in the stems. The lower crude fiber content
indicates a softer leaf texture and tends to be preferred by
livestock. According to (Shehu ez a/.,2001; Gustavsson and
Martinsson, 2004) a high proportion of leaves is an indica-
tion that the feed is of good quality and can increase feed
consumption and nutrient intake in livestock (Gustavsson

and Martinsson, 2004; Shehu e# a/., 2001).

In the 200 Gy treatment, a morphological adaptation
mechanism occurred in saline soil by reducing leaf size. The
size of the leaf area in this study is relatively narrow, rang-
ing from 73-98 m?. This trait closely related to the plant’s
mechanism for minimizing the risk of its life. Plants will
reduce the size of their leaves, then narrow and shed them,
which is one of the tolerance mechanisms for salinity stress
to reduce high water requirements or to optimize water
reception by plants. The highest mortality rate (4.3%) of
the population was observed in the 100 and 200 Gy treat-
ments. Salt stress affects plant growth with stressful con-
ditions resulting in leaves and stems drying out and then
dying (Negrio ez al.,2017; Zhao et al.,2021).

NUTRITIONAL CONTENT

Even though I zollingeriana is grown on saline soil, the
crude protein (CP) content is relatively high, ranging from
25.39-26.81%. 'This yield is higher than that planted on
peat land (24.34%), reported by (Ali ez a/., 2021). In this
study, the CP content numerically increased with an in-
creasing radiation dose. The same results were obtained in
previous research on the M1 generation (Hutasoit ez a/.,
2022). The highest CP was found in the 300 Gy treatment
(29.70%). The effect of irradiation was able to mutate plant
genes, causing changes in their genetic traits in a positive
direction that can be passed on to the next generation (Riv-
iello-Flores ez al., 2022). The CP in the M2 generation is
relatively lower than the CP in the M1, most likely due to
the low ratio of leaves obtained in the M2 generation, so
the nutritional content is low (Shaaban e a/., 2023).

'The numerically lowest ADF content was found in the 0
Gy treatment (32.7%), while NDF was at 100 Gy (43.76%).
Numerically, the higher the radiation dose up to 300 Gy,
the higher the ADF and NDF content (35.48 and 45.41%,

respectively). There was a correlation with the level of di-
gestibility obtained in this study; the higher the radiation
dose, the lower the feed digestibility.

IN VITRO DIGESTIBILITY

The level of digestibility obtained in this study was higher
compared to that reported by (Tarigan ez 4/, 2018), who
reported in vitro digestibility dry matter (IVDMD) of
73.62% and in vitro digestibility organic matter IVDOM)
of 71.84% in goats fed green concentrate containing I.
zollingeriana. (Gunun ez al., 2022) reported that the addi-
tion of 20% Indigofera in concentrate feed could increase
IVDMD from 54.9% to 60.2% and IVDOM from 58.8%
to 64.1%. The high digestibility obtained in this study
shows that Indigofera plants have good quality as animal
feed. The low leaf/stem ratio obtained did not affect the
digestibility value of Indigofera plants. This is most likely
due to the low content of ADF and NDF obtained with an
average yield of 33.95 and 44.44% recpectively, so they are
easily degraded in the rument. ADF and NDF in forages
are the insoluble portions containing cellulose, lignin, and
silica, which are understood as the cell wall fraction.

Research shows the high content of ADF and NDF at an
irradiation dose of 300 Gy obtained 35.48 and 45.41%, re-
spectively (Table 2), negatively correlated with the digest-
ibility of DM and OM (69.63 and 68.05%, respectively).
According to (Turangan ez a/., 2018; Christyanto and Uta-
ma 2021), high levels of ADF and NDF can reduce feed
digestibility because they are insoluble in acid detergents
and neutral detergents and cannot be digested by digestive
enzymes.

PHYSIOLOGICAL CHARACTERISTICS

ProLiNE:Even though the average proline content at 300
Gy was lower, the biomass dry matter production produced
was higher (Table 1). This probably occurs because among
the population there are mutant plants that are tolerant to
salinity. The plants do not experience high stress, so they
do not need to produce the secondary metabolite proline
in this environment. Thus, metabolic processes continue
to run normally and do not affect plant production. The
high tolerance of Indigofera plants to saline soil is closely
related to high radiation doses. At the level of 300 Gy, were
able to change the DNA structure in I zol/ingeriana plants,
causing changes in the codon amino acids. Then the amino
acid sequence in the protein strand changes, and the protein
experiences both structural and physiological changes. If
mutations occur in the cell membrane protein, then the
membrane will be more tolerant in regulating the flow of
ions and water entering the cells, so that cell metabolism is
not disturbed and will be more resistant to salinity stress.
'This is what causes cells to continue to grow and develop,
so that plants continue to produce optimally. Meanwhile,
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increasing proline levels up to 200 Gy causes a decrease
in biomass dry matter production. High levels of stress
force plants to increase levels of proline to maintain plants
in stressful conditions, one of which is osmoregulatory
(Chun e al.,2018; Spormann ez al.,2023). The presence of
proline can be used as an indicator of resistance to drought
stress caused by saline soil; this happened in the 200 Gy
treatment so that plants could survive.

Tannin:The low tannin content in this study shows that
the I zollingeriana plant is very good for use as animal
teed because the tannin levels obtained are still below the
normal threshold. Tannins are secondary plant metabolite
compounds that are anti-nutritive and can cause poisoning
if consumed excessively by livestock. (Bustanussalam ez
al., 2018) reported that high tannin content, if given to
livestock, can have a negative impact, and according
to (FAQO, 2005), tannin levels above 4% can inhibit the
growth of ruminants and even cause death. Tannins are
polyphenols that can directly or indirectly affect intake
and digestion. Its ability to bind molecules and form
complexes depends on the structure of the polyphenols
and macromolecules involved; thus, this will have a
negative impact on livestock growth (Besharati ez /., 2022;
Espinoza-Velasco and Ramirez-Mella, 2022).

SOIL CHARACTERISTICS

SOIL MICROORGANISMS: Observations are presented
descriptively. The population of nitrogen-fixing bacteria
before planting I. zo//ingeriana was almost the same in each
area, ranging from 1.45 x 10%to 1.83 x 0° CFU/g. Based
on Indonesian Government Regulations (Permentan,
2019), the standard amount of N-binding bacteria in soil
is 2107 CFU/g, thus the soil used in this research meets
the standard quality set by the government. At the end
of the study, by planting I zo/lingeriana in saline soil, the
number of N-fixing bacteria increased, except for the
200 Gy treatment, where there was a slight decrease. The
population of N-fixing bacteria in this study was classified
as high; the highest numbers were sequentially found in
the 0,300, 100, and 200 Gy treatments, respectively, which
obtained 3.63 x 10%,1.26 x 10%, 6.02 x 10%, and 1.75 x 108
CFU/g, indicating the potential for plant I zol/lingeriana
to produce good soil quality, most likely because this plant
is a type of legume with many root nodules resulting from
the symbiosis of rhizobium bacteria, which can absorb free
nitrogen from the environment and convert it into a form
that can be utilized by plants, which is called nitrogen
fixation (Concha ez a/., 2020).

'There was a decrease in soil nitrogen-fixing bacteria at 200
gy from 1.83 x 108 to 1.75 x 108 'The impact of gamma-ray
irradiation on this is closely related to This is due to the
narrower leaf area and low leaf/stem ratio (Table 1). so that
a few leaves are dropped. This incident is closely related

to the growth of soil microbes, which really need organic
material from plants for their survival. On the other hand,
there is a morphological adaptation mechanism in saline
soil to maintain its survival, the occurrence of mutations
that provide results according to the desired goals, sup-
ported by physiological characterization, and an increase
in proline concentration at 200 Gy radiation (65450 ppm)
as a marker of tolerance to salinity stress. However, low leaf
fraction also has an impact on reducing production (Table
1). At an irradiation dose of 300 Gy, high production was
obtained, the nutrient content was moderate, although the
digestibility was slightly lower, but microbial development
was relatively high (1.26 x 10°). This treatment is superior
to other treatments in supporting feed availability on sa-
line soil area.

'The number of phosphate solubilizing bacteria (PSB) in
this study showed an increase in population both before
and after the research was carried out and after the re-
search was carried out. Previously, the control treatment
plot had less PSB (3.40 x 10), while the irradiation treat-
ment plot was higher and relatively the same: 100, 200, and
300 Gy, respectively, had 2.72 x 10°, 3.72 x 10°, and 3.72 x
10° CFU/g. At the end of the study, the PSB population
increased in all treatments, both control and irradiation,
and was more variable. The highest population was found
in the 100 Gy treatment (2.06 x 10° CPU/g), which was
higher than the control (9.98 x 10® CFU/g). Irradiation
treatment were quite effective in increasing the amount of
PSB up to a dose limit of 100 Gy, followed by treatments
of 300 Gy (6.55 x 10®* CFU/g) and 200 Gy (7.41 x 10’
CFU/g). These results show that irradiation of 100 Gy is
the right dose for I zollingeriana to have a positive effect
on increasing PSB in saline soil. This is supported by the
leaf morphology (Table 1), which shows that the leaf/stem
ratio, the area of single and compound leaves, has a higher
size. As animal feed, this fraction has very high palatability
because its texture is softer than twigs or stems. However,
in terms of biomass production, it is relatively low; irradia-
tion at a low dose of 100 Gy has not been able to increase
the biomass production of I zo/lingeriana plants on saline
soil.

'The high PSB population in the 100 Gy treatment is most
likely due to the creation of an environment conducive to
PSB growth. The high leaf fraction it has can affect light,
temperature, CO2, pH,water,and soil organic matter origi-
nating from the organic tissue of I zo//ingerianain the form
of leaves, twigs, and branches that fall to the soil surface
and inactive roots that decompose into compost, as well as
soil organisms such as bacteria, fungi, earthworms, and in-
sects, which play an important role in increasing the need
for soil nutrients in the soil. PSB growth metabolic process
(Yani and Botanri, 2022). The effect of increasing PSB will
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vitna ez al., 2021). P uptake activity through the release of
organic acids such as fumarate, lactate, and citrate can break
down P ions bound to soil cations such as Al, Ca, Fe, and
Mg and then convert them into forms that are available

for plant uptake (Tian e7 al., 2021; Timofeeva e al., 2022).

CHEMICAL ANALYSIS OF SOIL: There were changes in soil
texture and chemistry before and after planting the M2 1.
zollingeriana generation. Sandy texture changes from 91%
to 92%, and clay content changes from 5% to 4%. There
was an increase in organic C levels from 1% to 1.30%,
most likely influenced by vegetation in the form of leaves
and twigs that fell to the ground. Even though it is still in
the low category, organic C is very necessary as an energy
source for soil organisms and triggers nutrient availability
for plants (Subowo, 2010; Sagiarti ez a/., 2020). Nitrogen
(N) levels increased by 0.1%, this is closely related to the
I zollingeriana plant, as a legume plant has root nodules
and rhizobium, which can fix N from the air so that it is
available in the soil (Darma and Dhonanto, 2021).

The P,O; content increased from 7 to 8 mg/100 g in the
low category, but K20 decreased to the medium catego-
ry (21 mg/100 g). The available P content in the soil in-
creased from 26.2 to 39.8 ppm. This is closely related to
the increase in phosphate-solubilizing bacteria (Table 4).
According to (Dewi e al., 2023), phosphate-solubilizing
bacteria have the potential to increase P availability in
soil. The activity of the group of phosphate-solubilizing
bacteria secretes organic acids that can extract phosphate
from its insoluble form to make it available so that plants
can absorb elemental P to meet their needs (Campos e7
al., 2018). The cation exchange capacity (CEC) obtained
in this study was classified as very low, even though there
was an increase from 3.69 to 4.31. The low CEC is due to
the saline soil used, which containing high levels of sand
with a coarse texture and low amounts of organic matter.
(Suryani, 2014; Puja and Atmaja, 2018) stated that organic
materials have greater cation absorption capacity (Puja and
Atmaja, 2018; Suryani, 2014). This means that the higher
the organic matter content of the soil, the higher the CEC.

The percentage of base saturation (BS) has decreased from
the medium category (62%) to low (50%). The decrease in
the percentage of BS is likely due to the uptake of bases
by plants. The absorbed base cations (K, Ca, Mg, or Na)
are immediately replaced by H+ cations, so that the pH
drops. Low base saturation means that many acid cations
are strongly adsorbed in soil colloids (Felix ez a/., 2020).

CONCLUSION AND
RECOMMENDATIONS

Research on M2 generation I zollingeriana resulting from
gamma ray irradiation on saline soil was able to increase the

highest dry matter production at a dose of 300 Gy. Plant
quality has the highest digestibility at a dose of 200 Gy,
while soil biophysics shows that a dose of 100 Gy obtained
the highest population of phosphate-solubilizing bacteria
after planting I. zo/lingeriana.
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