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Grain Crops Bio stimulation for Sustainable 
Agriculture: The Successful Humic Example

Opinion
Sustainable practices have become a major goal in agriculture 

to boost crop productivity, reduce yield gaps, and safeguard the 
environment. In recent years, bio stimulants have gained interest as 
innovative inputs that could foster plant growth and yield, including 
in sub-optimal cropping conditions such as drought. Bio stimulants 
are known as “any substance or microorganism that, when applied 
to seeds, plants, or the rhizosphere, stimulates natural processes to 
enhance or benefit nutrient uptake, nutrient efficiency, tolerance to 
abiotic stress, or crop quality and yield” [1]. Humic bio stimulants 
(HB) have been used for decades in applications to the seeds, soil, or 
leaves on horticultural crops but less to field grain crops to stimulate 
growth, nutrient absorption, product quality, yield, and tolerance 
to abiotic stress. The application of vermicompost humic extracts 
has resulted in the activation of the antioxidant enzymatic function 
and the increase of ROS-scavenging enzymes to block toxic oxygen 
radicals produced in plants under stress [2-4]. The effects of humic, 
measured by bioassays, immunological tools, and molecular genomics 
under controlled conditions, are explained by signaling endogenous 
genes responsible for the biosynthesis of protective compounds, 
attenuating oxidation processes caused by water stress and high 
temperature [5,6]. Dry weights of roots of different plant species 
increased 22% in response to the exogenous application of HB [7]. 
Although foliar applications of HB are sometimes adverse [8,9] they 
have been successful in inducing higher yields in garlic, tomato, and 
asparagus [10] and legume crops such as dry beans [11] mung-bean 
[12] soybean [13] and cowpeas [14]. However, in the literature, there 
is a paucity of field results on the efficacy of humic bio stimulants for 
multiple locations and over several years on grain crops [15]. The use 
of HB as foliar applications is not yet part of agronomic management 
and is still not considered an effective way to reduce the field food 
crops yield gap and/or integrate it into other practices such as double-
cropping and irrigation. Humic bio stimulant foliar-field applied in 
conjunction (tank mix) with herbicides, fungicides, and insecticides 
continue to be studied given a growing market and expectations in 

practical methods that would allow their incorporation but after 
required extensive testing for grain crops sustainable management. 
Recently, promising yield responses from on-farm trials (OFT) and a 
single humic terrestrial application were obtained in soybeans (Figure 
1) [16]. These results are coincident with those reported with field 
strips in maize [15] and replicated blocks in wheat [18] and barley 
[19]. Rice yield increase and positive economic returns have been 
obtained on-farm trials with a single airplane spraying on rice (Figure 
2) [17].

It is estimated by FAO that by 2050 the world population will exceed 
9.7 billion people. Thus, the total global food demand is expected 
to increase by around 50%–60%. In this context, it is necessary to 
significantly increase sustainable agricultural production, where more 
agricultural land, fertilizer, water, and high-yielding crops will be used 
to ensure the food supply. Several factors may contribute to yield gaps 
in grain crops and are multicausal, including nutrient deficiencies 
and imbalances, water stress, flooding, suboptimal planting, soil 
problems, weed pressures, insect damage, diseases, lodging, and 
inferior seed quality. To be implemented as an agricultural practice, 
field foliar application of bio stimulants on grain crops requires 
long-term validation at the farm level. This can be pursued as an 
extensive and low-cost practice to be  adopted by farmers after proper 
demonstration and, at the same time, technology transfer. On it, it is 
auspicious to count with multiple years and location on-farm trials and 
the statistical-graphic method on yield responses [20-22] successfully 
probed in soybean [16] and rice [17] that can be used for evaluation, 
farm testing-transfer, and registration with other bio inputs as well. 
The results confirm that this technology can be part of agronomic 
management in the agricultural sector and holds promise for bridging 
yield gaps. Further agricultural research targeting physiological 
mechanisms and induction of gene signaling, along with assessments 
of parameters like leaf chlorophyll evolution and nitrogen dynamics 
during reproductive phases, promise deeper insights into the 
underlying mechanisms driving the response to humic bio stimulants 
when applied on grain crops.
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Figure 1: Soybean yield responses (%) over the untreated control when a humic biostimulant PromoBacter (R) was applied at  R3-R4 stage at on-farm trials 
conducted in Uruguay from 2014 to 2023; mean=14.22%; 12.50-15.93 CI (95%); y=-0.0014x +17.32; R2=0.0118; P-value: 0.145; n=180.  Source [16].

Figure 2: Estimated cumulative distribution functions, mean yield responses, and the break-cost even yield from rice on-farm trials sprayed with a single humic 
PromoBacter (R) application. Untreated mean yields (t ha-1):  8.716; Yield mean response to humic treatment (%): 7.56; Net economic return to the humic appli-
cation (US$ ha-1): 164.70; n=77.  Source [17].
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