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Abstract

Improving the phytoavailability of phosphorus nutrients in saline-alkali soils rep-
resents a critical research priority in saline-alkali agriculture. Polyglutamic acid
(-PGA) is recognized for its favorable fertilizer retention and slow-release prop-
erties; however, the underlying mechanisms remain unclear. This study eluci-
dated the mechanism through which polyglutamic acid suppresses calcium phos-
phate precipitation in salt solutions via simulated evaporation-crystallization
experiments, utilizing online measurements of salt solution pH and electrical
conductivity (Electricity conductance), together with thermodynamic parame-
ter measurements of interactions among salt solution components and between
individual components and -PGA. Experimental results revealed that during
evaporation, the salt solution pH initially increased continuously, followed by a
continuous decrease. In the presence of -PGA, the time required to reach the
inflection point where pH transitions from rising to falling was significantly ex-
tended, demonstrating that -PGA markedly retards the precipitation of calcium
minerals (e.g., HAP and calcium carbonate). This retardation effect primarily
correlates with pronounced differences in complexation behavior between -PGA
and various salt ions. Although the HPO42-Ca2+ complex exhibits greater sta-
bility than -PGA-HPO42- and -PGA-Ca2+ complexes, -PGA provides bind-
ing sites for Ca2+ that are two orders of magnitude more abundant than those
of HPO42-Ca2+. Consequently, substantial Ca2+ in the salt solution becomes
complexed by -PGA, thereby inhibiting HP0O42-Ca2+ reactions and subsequent
precipitation of calcium phosphate minerals. While -PGA can delay calcium
mineral precipitation, it exerts no significant influence on the crystalline prod-
ucts formed upon complete solution evaporation. The findings indicate that
-PGA can enhance plant P nutrient utilization efficiency in saline-alkali soils
by preventing phosphate-Ca2-+ precipitation and serve as a slow-release P fertil-
izer agent through formation of highly stable complexes with HPO42-. Further
investigation of -PGA application in actual soil solutions and soils is warranted.
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Abstract: Improving the phytoavailability and slowing the release of phos-
phorus fertilizer in salinized soil represents an important research topic.
Poly-glutamic acid (-PGA) is considered a promising fertilizer with nutrient-
preserving capability and slow-release properties. However, the underlying
mechanisms of these functions remain poorly understood. This study inves-
tigated these mechanisms through simulated evaporation and crystallization
experiments using salt solutions containing various concentrations of -PGA.
The solution pH and electrical conductivity (EC) were monitored in real
time, thermodynamic interactions between -PGA and salt components were
quantified using Isothermal Titration Calorimetry (ITC), and precipitation
products were analyzed by X-ray diffraction (XRD). The results demonstrated
that salt solution pH initially increased then decreased with evaporation
time. The presence of -PGA significantly postponed the inflection points
of these pH changes, indicating substantial inhibition of calcium precipitate
formation, including hydroxyapatite (HAP) and calcite. This inhibitory effect
was closely related to the complexation capacity of -PGA with ions in the salt
solution. Although the HPO 2-Ca? complex exhibited much higher stability
than -PGA-HPO 2 and -PGA-Ca? complexes, the number of binding sites for
-PGA-Ca? was two orders of magnitude greater than those for HPO 2 -Ca? .
Consequently, most Ca? ions bound to -PGA, thereby inhibiting their interac-
tion with HPO 2 and subsequent precipitation during vaporization. However,
-PGA had minimal effect on the types of precipitates and crystals formed.
This study reveals that -PGA possesses strong Ca2? binding capacity that
effectively competes against calcium-phosphate precipitation, thus enhancing
phosphorus phytoavailability in salinized soil and slowing phosphorus release
through robust -PGA-phosphate complexation.
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Introduction

Poly-glutamic acid (-PGA) has attracted considerable attention as a fertil-
izer additive with nutrient-preserving and slow-release capabilities. Despite
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its demonstrated potential, the molecular mechanisms through which -PGA
modulates nutrient availability in saline environments remain inadequately clar-
ified. To elucidate these mechanisms, we conducted systematic investigations
of -PGA effects on salt crystallization dynamics and phosphate precipitation
behavior under controlled evaporation conditions.

Materials and Methods

Simulated evaporation and crystallization experiments were performed using salt
solutions containing varying concentrations of -PGA (2.5, 5, 10, and 20 mg-L 1).
Solution pH and electrical conductivity were recorded continuously throughout
the evaporation process. Thermodynamic interactions between -PGA and ionic
components were characterized using Isothermal Titration Calorimetry (ITC) at
40°C, enabling quantification of binding constants (Ka), dissociation constants
(Kd), and free energy changes (AG). Precipitated solids were collected and an-
alyzed using X-ray diffraction to identify crystalline phases.

Results and Discussion
pH and EC Dynamics During Evaporation

The pH of salt solutions typically exhibited an initial increase followed by a
progressive decrease as evaporation proceeded. -PGA significantly delayed the
inflection points of both pH rise and fall (Fig. 1). At a concentration of 20
mg -+ L' -PGA, the pH stabilization period extended to 75,000 seconds, while
at 2.5 mg - L 1, the effect persisted for 92,520 seconds. This postponement indi-
cates that -PGA substantially inhibits the precipitation of calcium-containing
minerals. The presence of -PGA also moderated EC changes, reflecting its
interference with ion crystallization processes.

[Figure 1: see original paper]

XRD Analysis of Precipitation Products

XRD analysis revealed that control solutions without -PGA produced charac-
teristic peaks for sodium chloride at 27° (111), 32° (200), 45° (220), 56.5° (222),
66° (400), 75.3° (420), and 83.9° (422) diffraction angles, along with calcium
carbonate (calcite) reflections. In contrast, solutions containing -PGA showed
reduced intensity of calcium precipitate peaks, including hydroxyapatite (HAP)
at 31.78° (211), 45.3° (302), and 66.4° (422), confirming the inhibitory effect
on calcium phosphate formation (Fig. 2). Notably, -PGA did not alter the
fundamental crystal structures of the precipitates but rather modulated their
precipitation kinetics.

[Figure 2: see original paper]
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Thermodynamic Interactions via ITC

Isothermal titration calorimetry demonstrated that -PGA forms stable com-
plexes with both Ca? and phosphate ions. Although the HPO 2 -Ca? complex
possesses higher intrinsic stability than -PGA-ion complexes, -PGA exhibited
approximately 100-fold more binding sites for Ca? compared to phosphate. This
stoichiometric advantage means that -PGA effectively sequesters the majority
of free Ca? ions, preventing their interaction with phosphate and subsequent
precipitation. The thermodynamic parameters (AG, AH, and binding entropy)
confirmed that -PGA-Ca? complexation is spontaneous and thermodynami-
cally favorable under experimental conditions.

Conclusion

This study demonstrates that -PGA inhibits calcium-phosphate precipitation
primarily through competitive binding of Ca? ions, thereby enhancing phospho-
rus bioavailability in saline soils. The strong complexation capacity of -PGA,
combined with its minimal impact on final precipitate composition, makes it
an effective agent for controlled nutrient release. These findings provide mecha-
nistic insights into the fertilizer-preserving properties of -PGA and support its
application in saline-alkali soil management.

References

[1] Tian Changyan, Mai Wenxuan, Zhao Zhenyong. Study on key technologies
of ecological management of saline-alkali land in arid area of Xinjiang. Acta
Ecologica Sinica, 2016, 36(22): 7064-7068.

[2] Xie Feng, Li Yingfei. Discussion on phosphorus forms and transformation in
soil. Journal of Yangling Vocational & Technical College, 2011, 10(1): 4-8.

[3] Shih LI, Van YT. The production of poly-( -glutamic acid) from microorgan-
isms and its various applications. Bioresource Technology, 2001, 79(3): 207-
225.

[4] Zhang Wen, Zhang Shuqing, Wang Xuejiang. The microbial synthesis of -
polyglutamic acid and its application in agricultural production. Chinese Agri-
cultural Science Bulletin, 2014, 30(6): 40-45.

[6] Wang Q, Chen S, Zhang J, et al. Co-producing lipopeptides and poly- -
glutamic acid by solid-state fermentation of Bacillus subtilis using soybean and
sweet potato residues and its biocontrol and fertilizer synergistic effects. Biore-
source Technology, 2008, 99(8): 3318-3323.

[6] Zhang XM, Yao KM, Xu H. Research on the agricultural application of a new
type of water-absorption material gamma-PGA. Journal of Nanjing Institute of
Meteorology, 2004, 27(2): 224-229.

chinarxiv.org/items/chinaxiv-201809.00027 Machine Translation


https://chinarxiv.org/items/chinaxiv-201809.00027

ChinaRxiv [$X]

[7] Xu Z, Lei P, Feng X, et al. Calcium involved in the poly( -glutamic acid)-
mediated promotion of Chinese cabbage nitrogen metabolism. Plant Physiology
and Biochemistry, 2014, 80: 144-152.

[8] Xu Z, Lei P, Feng X, et al. Effect of poly( -glutamic acid) on microbial
community and nitrogen pools of soil. Acta Agriculturae Scandinavica, 2013,
63(8): 657-668.

[9] Falconer RJ, Penkova A, Jelezarov I, et al. Survey of the year 2008: Appli-
cations of isothermal titration calorimetry. Journal of Molecular Recognition,
2010, 23(6): 395-413.

[10] Yalcin S, Mutlu IH. Structural characterization of some table salt samples
by XRD, ICP, FTIR and XRF techniques. Acta Physica Polonica A, 2012,
121(1): 50-52.

[11] Zendehdel M, Shoshtari-Yeganeh B, Khanmohamadi H, et al. Removal of
fluoride from aqueous solution by adsorption on NaP:HAp nanocomposite using
response surface methodology. Process Safety and Environmental Protection,
2017, 109: 172-191.

[12] Zhang Z, Xie Y, Xu X, et al. Transformation of amorphous calcium carbon-
ate into aragonite. Journal of Crystal Growth, 2012, 343(1): 62-67.

[13] Ho G-H, Ho T-I, Hsieh K-H, et al. -Polyglutamic acid produced by Bacillus
subtilis (natto): Structural characteristics, chemical properties and biological
functionalities. Journal of the Chinese Chemical Society, 2006, 53(6): 1363-
1384.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201809.00027 Machine Translation


https://chinarxiv.org/items/chinaxiv-201809.00027

	Mechanism of Polyglutamic Acid Inhibition of Calcium Phosphate Precipitation in Salt Solutions (Postprint)
	Abstract
	Full Text
	Mechanism of Poly-glutamic Acid for Inhibiting Precipitation of Phosphate and Calcium during Vaporization and Crystallization
	Introduction
	Materials and Methods
	Results and Discussion
	pH and EC Dynamics During Evaporation
	XRD Analysis of Precipitation Products
	Thermodynamic Interactions via ITC

	Conclusion
	References


