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the dependency on chemical fertiliser. The potential of PGPR to improve the
efficiency of the combination of organic and chemical fertilisers has recently
been proposed. Here, we demonstrate that this combination benefits sugar-
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In current mainstream agricultural practice, more than half of the applied
chemical N fertiliser in cropping systems can be lost to the environment, and
this problem has been classified as a pressing global issue [1] [2]. In addition,
chemical fertilisers that are currently the primary source of fertilisers rely on li-
mited natural resources such as petroleum, phosphate rock, and potassium salts.
The unavoidable depletion of these products will lead to problems for farmers,
including interrupted availability and increasing costs.

Organic nutrients have gained much interest in the recent decade for their

positive roles in plant nutrition and in generating healthy soils. With the recog-
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nition of the importance of organic nutrients and the detrimental effect of
chemical fertilisers when applied in excess, modern agriculture is progressing to
reduce the use of chemical fertilisers, compensating it with organic fertilisers.
Several studies have shown the beneficial effects that this practice has on soil
chemical-biological properties and crop yields [3] [4] [5]. To maximise the effi-
ciency of this system, plant growth promoting rhizobacteria (PGPR) have great
potential. For example, the addition of PGPR to soils amended with a mixture of
50% organic and 50% chemical N fertiliser increases the growth of Kikuyu grass
(Pennisetum clandestinum), leading to yield similar to 100% chemical N fertilis-
er [6]. Importantly, the presence of PGPR also reduced N loss by 95% relative to
full chemical fertiliser treatment.

To further demonstrate the benefit of using PGPR to support organic and
chemical fertilisers mixture in agriculture, we tested this combination on anoth-
er plant, sugarcane (Saccharum officinarum x spontaneum), in glasshouse and
field trials. Sugarcane is a global industrial-scale crop, grown in over 110 coun-
tries worldwide, and is one of the most important plants for sugar, biomaterials,
and renewable energy production [7].

Sugarcane seedlings were grown in the glasshouse (May 2018) on soils con-
taining two different kinds of fertiliser. The first is “Soil Mate” from MitrPhol
Sugar Corporation consisting of a combination (1:2 weight ratio) of chemical
fertiliser (N-P-K: 16-16-8) and organic fertiliser (N-P-K: 1-2-2). The second is
EcoNPK, an organic-chemical fertiliser (N-P-K: 4-3-3) from Sustainable Organic
Solutions Pty Ltd. All treatments received the same N application rate (5 g N per
pot) in the absence (control) or presence of PGPR (SOS3 from Sustainable Or-
ganic Solutions Pty Ltd., patent application number PCT/AU2016/050453)
coated on a mineral carrier [8] in an application of 10 g (10® cells-g™") per pot (40
Litre). Each pot contained one sugarcane seedling, and each treatment consisted
of 12 replicates. Plants were grown for 8.5 months.

We observed that the application of SOS3 PGPR enhances plant growth, sett
number, and sugar yield in both fertilisers treatments (Figure 1). In the Soil
Mate treatment, PGPR increased the weight by 22%, the sett’s number by 13%,
and the sucrose yield by 22% (2P < 0.05). In the EcoNPK treatment, PGPR in-
creased the weight by 33%, the sett’s number by 36%, and the sucrose yield by
32% (P < 0.05).

To validate the glasshouse results, we tested sugarcane in the field following
commercial standard practices (April 2019). Sugarcane was grown using two
types of fertiliser combination, the first corresponding to Soil Mate (see above),
and the second consisting of a mixture of Soil Mate and EcoNPK (1:1 N ratio).
In the latter, the addition of 50% of Soil Mate was necessary to compensate for
the low NPK levels in EcoNPK (see above). Compared to most other crops, su-
garcane requires high amounts of NPK which could not be practically sustained
by EcoNPK alone in large-scale fields. All treatments received the same N appli-

cation rate (57 kg N per hectare), in the absence (control) or presence of 15 kg of
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Figure 1. Performance of sugarcane (Saccharum officinarum x spontaneum) grown with
the plant growth promoting rhizobacteria (PGPR) strain SOS3 in the glasshouse. Sugar-
cane was grown for 8.5 months on Soil Mate (SM) or EcoNPK (Eco) organic-chemical
mix fertilised soil, in absence or presence of SOS3 PGPR bacterium. Bars represent aver-
ages and standard errors of 8 - 12 replicates. Asterisks above bars indicate significant dif-
ferences from the control (no PGPR) (P< 0.05, Student’s t-test).

mineral carrier coated with SOS3 (107 cell-.g™"). Sugarcane was grown for nine
months. The plot size was 6400 m? (1600 m? for each treatment).

The field trial showed similar results to the glasshouse experiment. The addi-
tion of PGPR to the Soil Mate treatment led to an increase of sugarcane (18%, P
< 0.01) and sucrose yield (12%), and its addition to the 1/2Soil Mate + EcoNPK
treatment increased sugarcane and sucrose yields by 13% (P < 0.5) and 17% (P <
0.5), respectively (Figure 2).

Our present study on sugarcane, in accordance with the previous research
made on Kikuyu grass [6], strongly suggests that the use of PGPR along with a
combination of organic and chemical fertilisers can offer a viable avenue in
agriculture. The nutrient use efficiency is the main target of nutrient manage-
ment to control fertiliser losses [9], which otherwise causes significant economic
damage and severely pollutes the environment via leaching, runoff and volatili-
sation etc. [2] [10] [11]. PGPR appears to be complementary to the use of or-
ganic fertilisers, through the enhancement of organic nutrient acquisition and
assimilation by the plant [12] [13]. Notably, this combination has also the poten-
tial to increase soil health due to the application of organic matter content,
which plays a vital role for soil physical, chemical and biological properties [14]
[15].

The use of PGPR in sustainable agriculture has received much interest in the
past decade due to their beneficial effects such as productions of phytohor-
mones, nitrogen fixation, iron sequestration, phosphorus solubilisation, and al-
leviation of plant biotic and abiotic stress conditions [12] [13]. However, it’s
known that the efficacy of PGPR differs widely, with reported benefits ranging
from none to considerable. This variability is caused by environmental factors
and specific host interactions, limiting its application for agriculture [16] [17].

In conclusion, the addition of PGPR to the combined use of inorganic and
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Figure 2. Effect of PGPR on the performance of sugarcane grown in commercial fields.
Sugarcane was grown for nine months on Soil Mate (SM) or half SM complemented with
EcoNPK (1/2SM + Eco), in the absence (control) or presence of SOS3 bacterium (PGPR).
Bars represent averages and standard errors. Asterisks above bars indicate significant dif-
ferences from the control (no PGPR): *P< 0.05; **P< 0.01 (Student’s t-test).

organic has potential implications for agricultural sectors seeking innovative
ways to achieve improved nutrient value without harming the environment. The
future research needs to verify this system in field measurements at different
spatial and temporal scales with different crops. In addition, research should fo-
cus on optimising the application techniques to maximise the efficiency of in-
oculation with PGPR.
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