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Abstract.With the continuous growth of global food demand, enhancing agri-
cultural productivity has become crucial. Traditional fertilization methods suf-
fer from significant nutrient loss, whereas polyglutamic acid (y-PGA) has at-
tracted considerable attention owing to its capabilities in retaining water, en-
hancing fertilizer efficiency, amending soil, and boosting crop growth. Howev-
er, commercially available polyglutamic acid products are predominantly
quick-release formulations, characterized by rapid nutrient release, low utiliza-
tion efficiency, and an inability to meet the sustained nutrient demands of
long-cycle crops. This study developed three controlled-release polyglutamic
acid powders—fast-acting, medium-acting, and slow-acting—and investigated
their effects on crops with different growth cycles (chili peppers, tomatoes, and
maize) through pot experiments when combined with blended fertilizers. Stud-
ies have shown that fast-acting polyglutamic acid significantly enhances stem
diameter and other growth indicators in plants.aboveground fresh weight in
chili peppers; medium-acting formulations were more effective in enhancing
plant height and stem diameter in tomatoes; and medium- to slow-acting for-
mulations demonstrated superior performance in improving plant height, stem
diameter, and aboveground fresh weight in maize. The research confirms that
controlled-release polyglutamic acid formulations exhibit significant adaptive
differences in promoting crop growth, providing a theoretical basis for precisely
selecting polyglutamic acid products according to crop characteristics in agri-
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cultural practices. This approach aids in optimizing fertilization strategies and
enhancing fertilizer utilization efficiency.

Keywords: Polyglutamic Acid, Controlled-Release Formulations, Crop Growth

1 Introduction

As the global population continues to rise, there has been a consistent and unyielding
increase in food demand. Addressing this challenge through enhancing agricultural
productivity and optimizing the food supply system has become a central issue of
widespread concern in contemporary society.!? Traditional crops require multiple
applications of various fertilizers during their growth to promote plant development
and high yields.> However, conventional fertilizers and fertilization techniques often
result in significant environmental impacts.ficant nutrient loss from the fertilizers.*
Polyglutamic acid (y-PGA) is a high-molecular-weight amino acid polymer formed
by the polymerization of L-glutamic acid and D-glutamic acid monomers through
amide bonds, with the intermonomeric linkage occurring via amide bonds between
a-amino groups and y-carboxyl groups.’ Research has found that polyglutamic acid
exhibits a synergistic effect with other fertilizers, effectively improving fertilizer uti-
lization efficiency and significantly enhancing soil quality.

y-Polyglutamic acid (y-PGA) not only synergistically interacts with other fertilizers
but also exerts numerous beneficial effects on plant growth, such as improving soil
quality, promoting plant development, regulating rhizosphere microbial communities,
remediating heavy metal contamination, and managing agricultural waste.%”3%10
Treatments with different concentrations of polyglutamic acid can significantly in-
crease the plant height, chlorophyll content, aboveground and underground biomass
of alfalfa in desert environments. They can also improve the quality of sandy soil and
the structure of the rhizosphere microbial community.!' Polyglutamic acid also
demonstrates efficacy in enhancing plant stress tolerance; for instance, under drought
stress conditions, it strengthens plant drought resistance, improves soil structure, and
enhances soil water retention capacity. It has been found through research that the
combination of polyglutamic acid and sesame cake fertilizer can improve the utiliza-
tion efficiency of fertilizers, reduce fertilizer runoff, and improve soil quality. In addi-
tion, polyglutamic acid has also been proven to have antibacterial effects.!>!3 Alt-
hough the agricultural value of polyglutamic acid (PGA) has been widely validated,
most commercially available PGA powder formulations are fast-release types, which
fail to meet the sustained nutrient demands of long-growth-cycle crops. This technical
limitation hinders its broader application in perennial cash crops and staple field
crops.

In summary, this study selected three polyglutamic acid products with distinct re-
lease profiles: a quick-release type (achieving 80% release within 1 hour), a medi-
um-release type (sustained nutrient release over 1 month), and a long-release type
(sustained nutrient release over 3 months). Utilizing potted peppers, tomatoes, and
corn as experimental subjects, the research systematically compared the effects of
blending these three polyglutamic acid powders with fertilizers on the growth of dif-
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ferent crops. The results align with previous studies that have shown polyglutamic
acid's ability to enhance water retention, nutrient release, and plant growth. For in-
stance, research has demonstrated that polyglutamic acid improves soil moisture re-
tention and nutrient availability, leading to increased plant height, leaf number, stem
thickness, and yield in crops such as corn. Additionally, polyglutamic acid has been
found to promote root development and nutrient uptake, resulting in thicker leaves
and darker green coloration, which are indicative of enhanced photosynthesis !. Fur-
thermore, the application of polyglutamic acid has been associated with increased
crop resistance to environmental stresses, such as drought and salinity, and improved
overall crop quality and market value 23. plant species. Furthermore, the experimental
outcomes were quantitatively analyzed by examining indicators such as plant biomass
accumulation and agronomic traits, as demonstrated in studies that assess the impact
of density on crop performance.

2 Methodology

2.1  Fertilizer Mixing Ratio

The blended fertilizer used in this study is compounded in a certain proportion from
urea (with a nitrogen content of 46%), diammonium phosphate (with an effective
nutrient content of 64% and an N-P-0s-K-O ratio of 18-46-0), and potassium chloride
(with a potassium content of 60%). After compounding, the total nutrient ratio is
N-P205-K20 = 12.56-12.56-12.56. Subsequently, the compounded materials are fully
ground by a grinder to form a powder, and finally evenly mixed with the polyglutamic
acid sample.

2.2 Plant Cultivation

This experiment was conducted in a glass greenhouse, with chili peppers, tomatoes,
and corn selected as the test crops. Based on the different release characteristics of the
polyglutamic acid powder, four base fertilizer treatment groups were established
(quick-release type-QT; medium-release type-MT; long-release type-LT). Each
treatment was replicated 4 times, resulting in a total of 16 experimental pots. The
specific procedures were as follows: For each pot, 5 kg of garden soil was weighed,
and 2.5 kg of the upper-layer garden soil was thoroughly mixed with the fertilizer.
Subsequently, the evenly mixed soil was filled into containers, and plant seedlings
were transplanted. All remaining management practices adhered strictly to local con-
ventional protocols for planting and managing chili peppers, tomatoes, and corn.After
the cultivation period, the plants were carefully washed, and agronomic traits such as
plant height and stem diameter were measured to determine the effect of polyglutamic
acid products in enhancing the fertilizer efficiency of blended fertilizers.
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3 Results

The combined application of blended fertilizers and polyglutamic acid powder has
been shown to enhance pepper growth by improving plant height, branching, fruiting,
and chlorophyll content, as evidenced by field trials and research studies.

Table 1. Impacts of Various Treatments on Pepper Growth and Development.

Handl Stem diameter / Aboveground fresh Fresh weight Leaf fresh
andle
mm weight/ g of stem/g weight / g
In- Val-
Value Value Increase %  Value  Increase % Increase %
crease % ue
CK 528 - 40.76 - 14.01 - 26.75 -
QT 5.86 11.04 43.36 6.37 14.67 4.68 28.69 7.25
MT 5.41 2.51 4231 3.80 13.99 -0.16 28.32 5.87

LT 5.47 3.60 39.25 -3.70 13.02 -7.08 26.24 -1.93

Fig. 1. The impact of various treatments on the plant height and branching height of peppers, as
demonstrated by growth records and environmental factors.

Applying blended fertilizer with polyglutamic acid powder can reduce pepper
branching - point height, increase stem diameter and above-ground fresh weight while
maintaining plant height. The results are shown in Table 1 and Figure 1. Compared to
the CK group, the Ist, 2nd, and 3rd branching-point heights in polyglutamic acid
treatments decreased by 6.66%, 9.33%, and 6.63% on average. The quick - acting
treatment had the most significant impact on stem diameter, with an 11.04% increase
compared to CK. All treatment groups except the long-acting one had higher
above-ground fresh weights than CK. Analysis shows polyglutamic acid mainly in-
creases above-ground fresh weight by boosting leaf fresh weight. The quick-acting
and medium - acting groups had 7.25% and 5.87% higher leaf fresh weights than CK
respectively. Overall, the quick - acting polyglutamic acid powder is more beneficial
for pepper growth.
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Effects of Combined Application of Blended Fertilizers and Polyglutamic Acid Powder on
tomato Growth

Table 2. Impacts of Various Treatments on tomato Growth and Development.

Handle Plant height / cm Stem diameter / mm Aboveground fresh weight / g
Value Increase % Value Increase % Value Increase %
CK 43.13 - 5.04 - 32.16 -
QT 43.90 1.80 5.12 1.54 33.89 5.37
MT 44.88 4.06 5.23 3.77 33.17 3.13
LT 43.63 1.16 4.94 -1.93 31.94 -0.68

Fig. 2. The impact of various treatments on the plant height of tomato, as demonstrated by
growth records and environmental factors.

In terms of tomato growth, the results are shown in Table 2 and Figure 2. Com-
pared with the control group (CK), the combined application of blended fertilizer and
polyglutamic acid powder has a certain effect on increasing the plant height, stem
diameter and aboveground fresh weight of tomatoes. Among them, the medium-effect
group shows stronger advantages in terms of plant height and stem diameter. In com-
parison to the control group, the observed increase in plant height was 4.06%, and the
stem diameter showed a 3.77% increase, indicating a positive response to the experi-
mental conditions. As for the aboveground fresh weight, the quantity has also seen an
increase, albeit slightly less pronounced than the other metrics.uick-acting type shows
a better effect, which is 5.37% higher than that of the CK group. Through compre-
hensive analysis, the medium-effect polyglutamic acid powder exhibits a more sig-
nificant effect on the growth of tomatoes.

Effects of Combined Application of Blended Fertilizers and Polyglutamic Acid Powder on
maize Growth.

Table 3. Impacts of Various Treatments on maize Growth and Development.

Handle Plant height / cm Stem diameter / mm Aboveground fresh weight / g
Value Increase % Value Increase % Value Increase %
CK 90.67 - 10.02 - 30.96
QT 93.08 2.66 9.63 -3.90 31.70 2.40
MT 105.17 15.99 11.41 13.87 51.61 66.66

LT 100.58 10.92 11.70 16.76 46.26 49.41
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Fig. 3. The impact of various treatments on the plant height of maize, as demonstrated by
growth records and environmental factors.

Regarding maize growth, the results are presented in Table 3 and Figure 3. As
compared to the control group (CK), the combined application of blended fertilizer
and polyglutamic acid powder demonstrated significant effects in enhancing plant
height, stem diameter, and aboveground fresh weight. The quick-acting group
demonstrated an increase in plant height and aboveground fresh weight by 2.66% and
2.40%, respectively, in comparison to the CK group. In contrast to the CK group, the
medium-effect group showed a 15.99% increase in plant height, with notable im-
provements in stem diameter as well.ameter is increased by 13.87%, and the above-
ground fresh weight is increased by 66.66%. In the long-acting group, compared with
the CK group, the plant height is increased by 10.92%, the stem diameter is increased
by 16.76%, and the aboveground fresh weight is increased by 49.41%. In conclusion,
the medium-effect group and the long-acting group show better effects on the growth
of maize.

4 Discussion

Studies have demonstrated that various polyglutamic acid formulations enhance crop
growth, with notable differences in their suitability for different crops. In the pot ex-
periment of chili peppers, the application effect of the quick-acting polyglutamic acid
is particularly remarkable. Compared with the control group, after the application of
this substance, the stem diameter of chili pepper plants has significantly increased by
11.04%, and the fresh weight of the leaves has increased by 7.25%, demonstrating a
highly efficient promoting effect on the growth and development of crops.In terms of
the growth of tomatoes, the medium-effect group exhibits stronger advantages in
terms of plant height and stem diameter. Compared with the control group, the plant
height is observed to have increased by 4.06%, and the stem diameter has increased
by 3.77%.In terms of maize growth, both the medium-effect and long effect groups
demonstrated superior performance compared to the control group. Specifically, the
medium-effect group exhibited remarkable growth enhancements: plant height in-
creased by 15.99%, stem diameter expanded by 13.87%, and above - ground fresh
weight surged by 66.66%. Meanwhile, the long-effect group also showed significant
improvements, with plant height rising by 10.92%, stem diameter increasing by
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16.76%, and above - ground fresh weight growing by 49.41%. These findings under-
score the substantial positive impacts of the medium - effect and long - effect treat-
ments on maize growth. Based on current research, we hypothesize that
poly-y-glutamic acid (y-PGA) primarily promotes plant growth by enhancing root
nutrient uptake capacity and maintaining soil nutrient balance, thereby increasing
stem diameter and plant height.'* Although pot experiments have preliminarily con-
firmed significant differences in the growth-promoting effects of different
poly-y-glutamic acid (y-PGA) formulations on various crops, large-scale field trials
are still required to evaluate their practical application value in agricultural produc-
tion.

Future research directions include: optimizing controlled release technology to
precisely meet the needs of crops; elucidating molecular mechanisms and exploring
the synergistic action modes with biofertilizers; conducting long-term ecological im-
pact assessments with a focus on biodiversity conservation strategies and the evalua-
tion of ecosystem services; integrating smart agriculture to develop standardized ap-
plication protocols; and promoting the transformation of research achievements to
contribute to the development of green agriculture.

5 Conclusion

Polyglutamic acid, when combined with blended fertilizers, significantly promotes
crop growth, but its effectiveness varies depending on the crop's growth cycle. For
chili peppers, a short-cycle crop, the quick-acting polyglutamic acid powder is most
beneficial. It notably increases stem diameter by 11.04% compared to the control
group (CK), and also raises above-ground fresh weight mainly through enhancing leaf
fresh weight. The medium-acting polyglutamic acid formulation shows the best per-
formance for tomatoes. It increases plant height by 4.06% and stem diameter by
3.77% relative to the CK group, having a more significant impact on tomato growth
compared to other formulations. In the case of maize, a long-cycle crop, both the me-
dium-acting and long-acting polyglutamic acid formulations are highly effective. The
medium-acting group increases plant height by 15.99%, stem diameter by 13.87%,
and above-ground fresh weight by 66.66%, while the long-acting group increases
these indicators by 10.92%, 16.76%, and 49.41% respectively compared to the CK
group.

These results confirm that different polyglutamic acid controlled-release formula-
tions have distinct adaptive differences in promoting crop growth. This provides a
crucial theoretical basis for precisely choosing polyglutamic acid products according
to crop characteristics in agricultural practices. By selecting the appropriate polyglu-
tamic acid formulation, farmers can optimize fertilization strategies, enhance fertilizer
utilization efficiency, and potentially increase crop yields while reducing environ-
mental impacts caused by nutrient loss from traditional fertilization methods.
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