
 

 

INTRODUCTION 

 

Wheat (Triticum aestivum L.) is the second largest cash crop 

cultivated in China and plays an important role in stabilizing 

the agricultural economy and ensuring food security (Habib 

et al., 2020; Qamar et al., 2020; Wang et al., 2020). In recent 

decades, to meet the nutritional needs of the rapidly growing 

population, people have established higher requirements for 

wheat yields, which has resulted in the widespread use of 

large quantities of chemical fertilizer to increase wheat 

production (Fan et al., 2012). However, the repeated, 

excessive use of chemical fertilizers and the low efficiency of 

utilization (only 30–40%) have caused soil acidification and 

soil hardening, aggravated environmental water pollution, 

which has led to negative effects on soil quality and soil 

microbial community structure, and have even threatened 
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human health (Ma et al., 2012; Schmitt and de Vries, 2020). 

Therefore, there is an urgent need to develop an 

environmentally friendly strategy to reduce the application of 

chemical fertilizers, reduce the harm to the environment 

caused by chemical fertilizers, and achieve sustainable 

development of agriculture and the environment (Cheema et 

al., 2020). 

As nontoxic high-nitrogen organic fertilizers, protein 

hydrolysates are prepared by recovering polluting waste 

proteins through acidic, alkaline, or enzymatic methods that 

can achieve secondary waste utilization (Schiavon et al., 

2008; Corte et al., 2014; Gálvez et al., 2016). Protein 

hydrolysates can improve rhizosphere soil microbial 

community structures, increase plant chlorophyll contents and 

photosynthetic performance, promote rapid plant growth, and 

enhance fruit quality in rice (Jie et al., 2008), Zea mays L. 
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Calcium polypeptides (CPPs) prepared from agricultural wastes can provide nutrients to plants, promote plant growth, and 

reduce accumulation of heavy metals in vegetables. In this study, a field experiment including three treatments, normal 

fertilization control, reduced fertilization by 40% (RF-40), and reduced fertilization by 40% with dressing of 7.5 kg/666.67 m2 

CPPs (RF-40-CPPs), was conducted to investigate the effects of CPPs on wheat yields, grain properties, and rhizosphere soil 

microbial communities. Compared with the control, after reducing chemical fertilizer application by 40%, the yields, protein 

contents, wet gluten contents, and amino acid contents of RF-40 wheat grains were clearly decreased by 14.51%, 1.54%, 

5.03%, and 19.58%, respectively. Interestingly, compared with RF-40, after CPP application, the yields, 1000-grain weights, 

protein contents, wet gluten contents, and amino acid contents of RF-40-CPPs were clearly increased by 11.53%, 20.28%, 

1.66%, 5.39%, and 22.91%, respectively. Surprisingly, compared with the control grains, the RF-40-CPPs grains exhibited 

increases of 3.13%~70.00% in five essential amino acids for humans, including Leu, Val, Lys, Ile, and Met. Moreover, CPPs 

could alter the diversity of the rhizosphere soil bacterial community, and some bacteria, including Bradyrhizobium, Bryobacter, 

Candidatus_Solibacter, Gemmatimonas, and Haliangium, which are involved in soil carbon and nitrogen metabolism, were 

significantly enriched. CPPs can regulate rhizosphere soil microbial communities, reduce chemical fertilizer application, and 

improve the grain quality of wheat “Zhengmai 9023”, resulting in its important agricultural application potential for green 

wheat production. 

Keywords: Calcium polypeptides; wheat; reduction in chemical fertilizer application; wheat quality; rhizosphere soil microbial 

community. 

http://www.pakjas.com.pk/


Sun, Xu, Li, Jin, Xu & Ni 

 358 

(Schiavon et al., 2008; Cholakova-Bimbalova et al., 2019), 

Brassica napus L. (Popko et al., 2015), tomato (Polo and 

Mata, 2017; Rouphael et al., 2017), and sweet potato (Lindsey 

et al., 2019). Similarly, protein hydrolysates could be used to 

supplement other fertilizers that can increase grain yields, 

grain protein contents and grain Zn and Fe concentrations in 

wheat (Gogos et al., 2013). Moreover, protein hydrolysates 

can combine with the heavy metal-immobilizing bacterium 

Enterobacter bugandensis TJ6 to reduce the uptake of Cd2+ 

by wheat, increase the bacterial community diversity of wheat 

rhizosphere soil, and ensure the safe production of crops 

growing on heavy metal-polluted soils (Han et al., 2020). 

Therefore, the application of protein hydrolysates in 

agricultural production will be a feasible strategy for wheat 

production to improve the efficiency of chemical fertilizer use 

and reduce the intensive use of inorganic fertilizers for wheat. 

Calcium polypeptides (CPPs), which are hydrolyzed from 

animal and plant waste proteins, such as soybean meal, animal 

hair and skin, hoof nails, skeletons, and rhizobia, are a new 

type of environmentally friendly protein hydrolysate organic 

fertilizer (Bhavsar et al., 2016; Holkar et al., 2016; Chen et 

al., 2019). These polypeptides are molecular polymers (the 

average polypeptide molecular weight is less than 5,000 

Daltons) between proteins and amino acids with ring 

structures generated by chelation reactions among peptides 

and calcium ions (Han et al., 2020). CPPs have many 

advantages, such as good solubility, strong fluidity, thermal 

stability, low cost, good biocompatibility, and high nutrition, 

which result in their ability to promote plant growth, improve 

plant rhizosphere soil microbial diversity, and reduce heavy 

metal accumulations in plants (Han et al., 2020; Liu et al., 

2020). CPPs prepared from waste vegetable meals by 

hydrolysis via the addition of quicklime under high 

temperatures not only could promote plant growth but also 

had an obvious competitive inhibition effect on heavy-metal 

Cd2+ enrichment in Brassia campestris L. (Chen et al., 2019). 

In this study, under field conditions and after reducing the 

chemical fertilizer application by 40%, CPPs prepared from 

waste vegetable meals by mixing with quicklime were applied 

to wheat “Zhengmai 9023” (widely cultivated wheat cultivar 

in China (Wang et al., 2020) during the wheat heading period. 

The aim of this study was to investigate the effects of CPPs 

on major agronomic indexes, grain quality, amino acid 

contents, wheat grain compositions, and rhizosphere soil 

microbial communities for wheat “Zhengmai 9023” after 

decreasing the amounts of chemical fertilizer application. 

 

MATERIALS AND METHODS 

 

Plant material, fertilizer, and CPPs: Wheat “Zhengmai 

9023” seeds were obtained from the Hubei Academy of 

Agricultural Sciences (Wuhan, Hubei, China). Basal fertilizer 

(N-P2O5-K2O, 15-7-8) was obtained from the New Yangfeng 

Fertilizer Co. Ltd. (Jingmen, Hubei, China). CPPs were 

generated from waste vegetable meals by mixing with 

quicklime at high temperatures (Chen et al., 2019). Briefly, 

waste vegetable meals (containing 40–45% protein) were 

mixed with quicklime (10–45% wt./wt. to waste vegetable 

meals) and were reacted for 1–6 h at 110–180°C. Ultimately, 

after spray drying, CPPs, which formed yellow powders, with 

an average polypeptide molecular weight of 5,000 Da were 

obtained. These CPPs contained 60.10% protein, 9.61% 

organic N, 0.35 g/kg P, 0.21 g/kg K, and 63.91 g/kg Ca. 

Wheat field experiments: Wheat field experiments were 

carried out from 26 October, 2019 to 28 May, 2020 (216 days) 

in a rice-wheat rotation area (Zhongxiang, Hubei, China). The 

basic physical and chemical properties of the experimental 

field soils were as follows: 27.31 g·kg-1 organic matter, 

116.79 mg·kg-1 alkali-hydrolyzed nitrogen, 32.44 mg·kg-1 

available phosphorus, 109.47 mg·kg-1 available potassium, 

and pH 7.20. The experimental field groups were established 

as follows: control, normal fertilization, no dressing 

fertilization; RF-40, fertilization reduced by 40%, no dressing 

fertilization; and RF-40-CPPs fertilization reduced by 40%, 

dressing with 7.5 kg/666.67 m2 of CPPs. Every experimental 

set consisted of 3 replicates (666.67 m2 per replicate). For 

sowing, the sowing rate was 15 kg/666.67 m2. A total of 50 

kg/666.67 m2 of fertilizer (N-P2O5-K2O, 15-7-8) was used as 

the basal fertilizer. Weeding was performed by spraying with 

125 g/666.67 m2 of 50% hyperpermeable isoprene wettable 

powder (Meifeng Agricultural Chemical Co. Ltd., Zhejiang, 

China). Disease control was achieved by spraying 100 

g/666.67 m2 of 50% carbendazim wettable powder (Sunong 

Biological Technology Co. Ltd., Anhui, China) during the 

wheat flowering period. Dressing with CPPs occurred during 

the wheat heading period (Figure 1). 

Determination of agronomic traits in wheat: Wheat yields, 

1000-grain weights, plant heights, and numbers of effective 

wheat ears were determined according to Agricultural Trade 

Standards of the People's Republic of China NY/T 1301-2007 

“Technical Procedures for Wheat Variety Regional Trials”. 

Determination of grain quality: To determine the grain 

quality, 500.0 g of wheat grains were analyzed by the Hubei 

Academy of Agricultural Sciences (Wuhan, Hubei, China). 

Moisture, protein content, wet gluten content, water 

absorption, and hardness of the wheat grains were determined 

by a DA7250 multifunctional near-infrared analyzer (Perten, 

Sweden). 

Determination of amino acid content of wheat grains: The 

amino acid contents of the wheat grains were analyzed by the 

Oil Crops Research Institute, Chinese Academy of 

Agricultural Sciences (Wuhan, Hubei, China) according to 

the State Standard of the People's Republic of China GB 

5009.124-2016 “Determination of Amino Acids in Foods”. 

Briefly, wheat grain powder was digested in a hydrolyzing 

tube containing 6 mol/L HCl by using an electrothermostatic 

blast oven at 110 ± 1°C. Then, after filtration, the digested 

liquids were evaluated using an automatic amino acid 
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analyzer L-8900 (Hitachi, Japan) according to the National 

Metrological Verification Regulations of the People's 

Republic of China JJG1064-2011 “Automatic Amino Acid 

Analyzer”. The absolute difference between two independent 

measurements obtained under repeatable conditions must not 

exceed 12% of the arithmetic mean. 

Analysis of bacterial community diversity for wheat 

rhizosphere soil: A total of 30.0 g of rhizospheric soil sample 

was collected during the grain filling stage and used for 

bacterial community analyses. Rhizospheric soil bacterial 

genomic DNA was extracted by a QIAamp ® Fast DNA Stool 

Mini Kit (Qiagen, Germany). The V3-V4 region of the 16S 

rRNA gene was sequenced by high-throughput sequencing 

using an Illumina HiSeq 2500 sequencing platform with the 

primers 338F (5’-ACTCCTACGGGAGGCAGCA-3’) and 

806R (5’-GGACTACHVGGGTWTCTAAT-3’) and was 

analyzed by BMK Biotechnology Co., Ltd. (Beijing, China). 

Each sample consisted of three parallel repeats. The original 

sequencing sequences were assembled using FLASH v1.2.7 

software and were filtered by Trimmomatic v0.33 software, 

and chimeras were removed by UCHIME v4.2 software. 

Then, the representative sequences of the operational 

taxonomic units (OTUs) were used for classification and 

phylogenetic analysis by Usearch software (Edgar, 2013). 

The alpha diversities of the rhizospheric soil microbial 

communities were reflected by the Chao1 and Shannon 

indexes by Mothur software (version v.1.30) (Tong et al., 

2018). Multidimensional analysis of community similarities 

was conducted by principal coordinate analysis (PCoA) that 

was based on weighted UniFrac distances (Ramette, 2007). 

The top 20 most-abundant genera were subjected to clustering 

analysis, and a heat map was drawn using R software. 

Significance analysis of groups was conducted using the 

LEfSe (Line discriminant analysis Effect Size) (Segata et al., 

2011). 

Data analysis: The data were obtained from at least three 

assays and are presented as averages. SPSS 19.0 statistical 

software was used for statistical analysis. P-values were 

determined using an independent sample T test and P < 0.05 

indicated statistically significant differences. 

 

RESULTS 

 

Effects of CPPs on major agronomic indexes of wheat 

“Zhengmai 9023”: To evaluate the effects of CPPs on the 

main agronomic indexes of wheat “Zhengmai 9023”, the 

yields, 1000-grain weights, plant heights, and numbers of 

productive ears were determined after wheat harvest. As 

shown in Table 1, after decreasing the chemical fertilizer 

amount by 40%, the yield of RF-40 was 336.38 ± 12.83 

kg/666.67 m2, which was significantly lower than that of 

control (a 14.51% decrease, P value < 0.05). Fortunately, after 

application of CPPs during the wheat heading period, the 

yield of RF-40-CPPs reached 375.17 ± 21.35 kg/666.67 m2, 

which was significantly higher than that of RF-40 (a 11.53% 

increase, P value < 0.05). However, the yield of RF-40-CPPs 

was still slightly lower than that of the control (a 4.65% 

decrease, P value > 0.05). For the 1000-grain weights, after 

decreasing chemical fertilizer amounts by 40%, RF-40 was 

not significantly different from the control (P value > 0.05). 

Interestingly, after applying CPPs during the wheat heading 

period, the 1000-grain weights of RF-40-CPPs reached 44.90 

± 2.87 g, which was significantly higher than that of the 

control (a 16.99% increase, P value < 0.05) and RF-40 (a 

20.28% increase, P value < 0.05). Both plant heights and 

numbers of productive ears of RF-40 were lower than those 

of the control (decreases of 3.02% and 14.61%, respectively), 

and both plant heights and numbers of productive ears of RF-

40-CPPs were greater than those of RF-40 (increases of 

5.02% and 9.98%, respectively); however, there were no 

significant differences between these grains (P value > 0.05). 

Effects of CPPs on grain quality of wheat “Zhengmai 9023: 

To evaluate the effects of CPPs on the grain quality of wheat 

“Zhengmai 9023”, moisture contents, protein contents (wet 

 
Figure 1. Schematic diagram of the preparation and application of CPPs. 
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basis), wet gluten contents (wet basis), water absorption, and 

hardness were determined after wheat harvest. As shown in 

Table 1, after reducing chemical fertilizer amounts by 40%, 

the protein contents (wet basis) and wet gluten contents (wet 

basis) of RF-40 grains were 11.18 ± 0.24% and 24.72 ± 

0.65%, respectively, which were significantly lower than 

those of the control grains (decreases of 1.54% and 5.03%, 

respectively, P value < 0.05). Fortunately, after application of 

CPPs during the wheat heading period, the protein contents 

(wet basis) and wet gluten contents (wet basis) of the RF-40-

CPPs grains were 12.84 ± 0.28% and 30.11 ± 0.45%, 

respectively, which were significantly higher than those of 

RF-40 grains (increases of 1.66% and 5.39%, respectively, P 

value < 0.05). In addition, the protein contents (wet basis) and 

wet gluten contents (wet basis) of the RF-40-CPPs grains 

were slightly higher than those of the control grains (increases 

of 0.12% and 0.36%, respectively, P values > 0.05). For the 

other indexes, there were no significant difference among all 

the experimental groups in terms of moisture (12.00% ~ 

12.15%), water absorption (63.37% ~ 65.70%), and hardness 

(72.79 ~ 73.58 g/cm2) (P value > 0.05). 

Effect of CPPs on the amino acid compositions of wheat 

“Zhengmai 9023 grains: To evaluate the effects of CPPs on 

the amino acid compositions of wheat “Zhengmai 9023” 

grains, the contents of sixteen amino acids were determined 

after the wheat harvest. As shown in Table 2, after decreasing 

chemical fertilizer amounts by 40%, the total amino acid 

content of the RF-40 grains was 7.64 mg/100 g, which was 

lower than that of the control grains (a 19.58% decrease). 

Except for Met and Arg, which showed a 20.00% increase and 

Table 1. The effects of calcium polypeptides on major agronomic indexes and wheat grain quality of wheat 

“Zhengmai 9023. 

Test indexes Control RF-40 RF-40-CPPs 

Major 

agronomic 

Indexes 

Yield (kg/666.67 m2) 393.48±12.42† 336.38±12.83* 375.17±21.35† 

1000-grains weight (g) 44.15±0.53† 37.33±3.21* 44.90±2.87† 

Plant height (cm) 93.08±3.83 90.27±2.24 94.80±2.51 

Number of productive ear (104/666.67 m2) 30.26±3.15 25.84±2.30 28.42±1.47 

Wheat 

grain 

quality 

Moisture (wt%) 12.12±0.32% 12.00±0.05% 12.15±0.20% 

Protein content (wet basis wt%) 12.72±0.92%† 11.18±0.24%* 12.84±0.28%† 

Wet gluten content (wet basis wt%) 29.75±1.07%† 24.72±0.65%* 30.11±0.45%† 

Water absorption (fixed value = 14%) 65.70±0.64% 63.37±0.57% 65.19±1.38% 

Hardness (g/cm2) 73.15±1.43 72.79±0.70 73.58±0.43 
Means followed by different letters in a column were significantly different (P < 0.05). Control, normal chemical fertilizer application; 

RF-40, reduction of chemical fertilizer application by 40%; RF-40-CPPs, reduction of chemical fertilizer application by 40% and dressing 

with CPPs at 7.5 kg/666.7 m2 during the wheat heading period. 

 

Table 2. Effects of CPPs on amino acid compositions of wheat grains for wheat Zhengmai 9023. 

Amino 

acids 

Control* RF-40* RF-40-CPPs* Relative differences 

RF-40 vs Control RF-40-CPPs vs RF-40 RF-40-CPPs vs Control 

Total 9.50 7.64 9.39 -19.58% 22.91% -1.16% 

Met 0.10 0.12 0.17 20.00% 41.67% 70.00% 

Ile 0.28 0.26 0.38 -7.14% 46.15% 35.71% 

Lys 0.28 0.27 0.31 -3.57% 14.81% 10.71% 

Val 0.45 0.40 0.48 -11.11% 20.00% 6.67% 

Leu 0.64 0.54 0.66 -15.63% 22.22% 3.13% 

Phe 0.49 0.38 0.49 -22.45% 28.95% 0.00% 

Thr 0.30 0.26 0.30 -13.33% 15.38% 0.00% 

Arg 0.37 0.37 0.43 0.00% 16.22% 16.22% 

Ala 0.35 0.31 0.37 -11.43% 19.35% 5.71% 

Pro 1.05 0.83 1.08 -20.95% 30.12% 2.86% 

Gly 0.41 0.35 0.42 -14.63% 20.00% 2.44% 

Asp 0.48 0.42 0.49 -12.50% 16.67% 2.08% 

His 0.22 0.19 0.22 -13.64% 15.79% 0.00% 

Glu 3.22 2.48 3.05 -22.98% 22.98% -5.28% 

Ser 0.50 0.40 0.46 -20.00% 15.00% -8.00% 

Tyr 0.16 0.06 0.08 -62.50% 33.33% -50.00% 
*, mg/100 g; Control, normal chemical fertilizer application; RF-40, reduction of chemical fertilizer application by 40%; RF-40-CPPs, 

reduction of chemical fertilizer application by 40% and dressing with CPPs at 7.5 kg/666.7 m2 during the wheat heading period. 
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no change, respectively, all other fourteen amino acids in the 

RF-40 grains exhibited a 3.57% ~ 62.50% increase when 

compared with those of the control grains. Fortunately, after 

CPPs application during the wheat heading period, the total 

amino acid content of the RF-40-CPPs grains recovered to 

9.39 mg/100 g, which was higher than for the RF-40 grains (a 

22.91% increase), but it was still slightly lower than that of 

the control grains (a 1.16% decrease). Correspondingly, all 

sixteen amino acids in the RF-40-CPPs grains exhibited 

14.81% ~ 46.15% increases when compared with those of RF-

40 grains. Interestingly, five essential amino acids for 

humans, namely, Leu, Val, Lys, Ile, and Met, in the RF-40-

CPPs grains showed 3.13% ~ 70.00% increases when 

compared with those in the control grains. The other two 

essential amino acids for humans, Thr and Phe, showed no 

differences between these grains. For other amino acids, the 

Asp, Gly, Pro, Ala, and Arg contents of the RF-40-CPPs 

grains exhibited 2.08% ~ 16.22% increases and Glu, Ser, and 

Tyr showed 5.28%-50.00% decreases when compared with 

those of the control grains; moreover, His showed no 

difference between these grains. 

Effect of CPPs on the diversity of the rhizosphere soil 

bacterial community of wheat “Zhengmai 9023: The 

rhizosphere soils of the RF-40 and RF-40-CPPs wheats were 

collected during the grain filling stage for analysis of the 

rhizosphere soil bacterial community diversities of wheat 

“Zhengmai 9023”. As shown in Table 3, there were 429824 

(ranging from 64334 to 74392) total effective tags for the six 

samples. The OTUs in the six samples were all detected at the 

phylum level (22), and 366 to 370 were detected at the genus 

level. The Chao1 and Shannon diversity indexes of the RF-

40-CPPs rhizosphere soil were higher than those of the RF-40 

rhizosphere soil; however, there was no significant difference 

between these values (P value > 0.05). These results indicate 

that the microbial community diversity of the RF-40-CPPs 

rhizosphere soil during the grain filling stage was slightly 

enriched after application of CPPs during the wheat heading 

period compared to the RF-40 rhizosphere soil (Grice et al., 

2009). 

 Microbial communities were identified at the genus level, 

and the heat maps of flora composition after clustering 

analysis for those genera with the top 20 most abundant 

genera are shown in Figure 2. The dominant bacteria with the 

highest relative abundances in the RF-40 rhizosphere soil 

were Mucilaginibacter (6.70%), uncultured_ 

Saccharimonadales (6.27%), Rhodanobacter (5.16%), 

Sphingomonas (4.30%), Lysinimonas (2.50%), uncultured 

Gaiellales (2.29%), and uncultured Micropepsaceae (2.15%).  

 
Figure 2. Effect of CPPs on heat maps of microflora 

compositions after clustering analysis for the top 

20 most abundant genera in the rhizosphere soil 

of wheat “Zhengmai 9023”. Genera with higher 

abundances in the corresponding samples are 

shown in red, while genera with lower 

abundances are shown in blue. RF-40, reduction 

in chemical fertilizer application by 40%; RF-

40-CPPs, reduction in chemical fertilizer 

application by 40% and dressing with CPPs at 

Table 3. Diversity indexes of the microbial communities in different domestication systems. 

Sample ID Effective Tags OTUs Chao1 Shannon 

phylum genus 

RF-40 RF-40_A 73782 22 367 1505.45 6.07 
RF-40_B 74392 22 368 1537.93 5.98 
RF-40_C 64334 22 367 1507.24 6.33 

RF-40-CPPs RF-40-CPPs_A 72013 22 370 1534.18 6.40 
RF-40-CPPs _B 71944 22 368 1559.89 6.29 
RF-40-CPPs _C 73359 22 366 1549.94 6.28 

OTUs, operational taxonomic unit; RF-40, reduction of chemical fertilizer application by 40%; RF-40-CPPs, reduction of chemical 
fertilizer application by 40% and dressing with CPPs at 7.5 kg/666.7 m2 during the wheat heading period. 
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7.5 kg/666.7 m2 during the wheat heading 

period. 

After the application of CPPs, the top seven dominant bacteria 

in the RF-40-CPPs rhizosphere soil were Candidatus_ 

Solibacter (4.99%), uncultured RBG-13-54-9 (4.91%), 

uncultured Acidobacteriales (4.62%), Bryobacter (3.32%), 

uncultured Saccharimonadales (3.19%), Sphingomonas 

(3.10%), and Mucilaginibacter (3.02%). Comparisons of the 

bacterial communities of rhizosphere soils at the genus level 

are shown in Fig. 3.  

After the application of CPPs, the relative abundances of 

some bacteria, including Bradyrhizobium (P value = 0.023), 

Bryobacter (P value = 0.007), Candidatus_Solibacter (P 

value = 0.016), Gemmatimonas (P value = 0.009), 

Haliangium (P value = 0.002), uncultured Anaerolineaceae 

(P value = 0.028), uncultured Acidobacteriales (P value = 

0.021), and uncultured RBG-13-54-9 (P value = 0.003), 

significantly increased, whereas the relative abundances of 

certain other bacteria, including Lysinimonas (P value = 

0.048), Rhodanobacter (P value = 0.005), uncultured 

Micropepsaceae (P value = 0.000), uncultured Gaiellales (P 

value = 0.034), and uncultured Saccharimonadales (P value 

= 0.043), significantly decreased. 

In the PCoA based on weighted UniFrac distances, each point 

represents a sample, and the distances between two points 

were shorter, which indicate that the microbial communities 

among the samples were more similar (Sakaki et al., 1994). 

As shown in Figure 4, the bacterial communities in the RF-40 

rhizosphere soil showed differences in the parallel samples, 

whereas the bacterial communities of the RF-40-CPPs 

rhizosphere soil showed similarities in the parallel samples. 

Moreover, there were differences between these two 

experimental group samples, which indicated that the 

rhizosphere bacterial communities not only changed but were 

also enriched in the same direction after application of CPPs. 

 
Figure 4. PCoA of rhizosphere soil community 

similarities of wheat “Zhengmai 9023” based on 

weighted UniFrac distances. RF-40, reduction in 

chemical fertilizer application by 40%; RF-40-

CPPs, reduction in chemical fertilizer 

application by 40% and dressing with CPPs at 

 
Figure 3. Comparison of bacterial communities at the genus level. *, Statistically significant difference in sample 

abundance in RF-40-CPPs compared to RF-40. RF-40, reduction in chemical fertilizer application by 

40%; RF-40-CPPs, reduction in chemical fertilizer application by 40% and dressing with CPPs at 7.5 

kg/666.7 m2 during the wheat heading period. 
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7.5 kg/666.7 m2 during the wheat heading 

period. 

 

DISCUSSION 

 

Partial replacement of chemical fertilizers with organics ones 

can reduce both environmental concerns and economic costs 

and provide greater soil health benefits (Jatav et al., 2022). 

Previously, CPPs that were prepared by the recovery of waste 

vegetable meals by mixing with quicklime at high 

temperature have clearly been found to inhibit enrichment of 

heavy-metal Cd2+ in B. campestris L. and promote the growth 

of some vegetables (Chen et al., 2019). In this study, the 

effects of CPPs on wheat yields, grain quality, and 

rhizosphere soil microbial communities after reducing 

chemical fertilizer application under field conditions were 

studied. In this study, after dressing CPPs by 7.5 kg (half a 

bag)/666.67 m2 during the wheat heading period, the yield of 

the RF-40-CPPs also increased, which matched the 

corresponding 1000-grain weight increase. Similarly, a 

previous field experiment during 26 October, 2018 to 01 June, 

2019 (218 days) showed that after dressing CPPs with 15.0 kg 

(one bag)/666.67 m2 during the wheat heading period and 

after reducing the chemical fertilizer application by 20%, the 

wheat yield increased by 14.62% compared with the control 

(data not shown). This phenomenon may be similar to the 

results of previously reported that application of organic 

fertilizer (humic acid) can enhance wheat chemical fertilizer 

uptake, promote wheat growth, and increase 1000-grain 

weight and yield (Shafi et al., 2020). 

As one of the important indexes of wheat grain (Akhlaq et al., 

2022), the wet gluten content of wheat grains improved after 

application of CPPs (and only reached the strong flour level, 

wet gluten content ≥ 30.0%). After dressing with CPPs, the 

wheat grain protein contents and amino acid contents 

significantly increased, and these findings were similar to the 

results of previously reported that hydrolyzed wool 

application can increase wheat grain yields and grain protein 

contents (Gogos et al., 2013). Moreover, we further found that 

application of CPPs can change the amino acid compositions 

of wheat grains, particularly because some amino acids that 

are essential for humans were increased, which indicated that 

CPPs can improve the quality and nutritional value of wheat. 

The α-diversity indices Chao1 and Shannon reflected the 

richness and diversity of the bacterial community (Sun et al., 

2022). The application of CPPs did not notably change the 

richness and diversity of the rhizosphere soil bacterial 

community of wheat “Zhengmai 9023”. In our field 

experiment, Bradyrhizobium sp., Gemmatimonas sp., 

Haliangium sp., Bryobacter sp., and Candidatus_Solibacter 

were significantly enriched in wheat rhizosphere soils after 

application of protein hydrolysate CPPs. For the nitrogen-

fixing bacteria Bradyrhizobium sp. (Amy et al., 2022), a 

similar report showed that it was increased significantly in the 

sweet potato rhizosphere after the application of a protein 

hydrolysate that was prepared from organic fish fertilizer and 

poultry litter (Lindsey et al., 2019). The plant-beneficial 

potential bacteria Haliangium sp. (Xue et al., 2020) was 

reported to actively contribute to denitrification in anaerobic 

wetlands and to be involved in soil nitrogen cycling (McIlroy 

et al., 2016; Lévesque et al., 2020). Gemmatimonas sp. and 

Bryobacter sp. are known to contribute to the decomposition 

of organic matter in soil, such as cellulose and lignin (Guo et 

al., 2016; Liu et al., 2020). Candidatus_Solibacter are aerobic 

chemoorganotrophs that can hydrolyze several 

polysaccharides and organic acids (Chen et al., 2020) and can 

also degrade cellulose substrates (Zhang et al., 2019). 

Therefore, CPPs application to wheat can probably change 

soil microbial community compositions, contribute to cycling 

of carbon and nitrogen in the soil, and improve soil nutrient 

utilization efficiency. 

The utilization of the plant growth-promoting rhizobacteria 

(PGPR) as an organic fertilizer additive can also help reduce 

the use of chemical fertilizers in plants (Azmat et al., 2022; 

Kumawat et al., 2022). In addition, E. bugandensis TJ6, 

which was isolated from heavy-metal-contaminated lettuce 

rhizosphere soil, exhibited synergistic effects with protein 

hydrolysates for safe wheat production in Cd2+-contaminated 

soil (Han et al., 2020). Therefore, the combined utilization of 

CPPs with PGPR for wheat production in the field deserves 

further studied in the future. 

 

Conclusions: The application of CPPs prepared from waste 

vegetable meals by mixing with quicklime at high 

temperatures can enrich the microflora involved in soil carbon 

and nitrogen metabolism and improve grain quality for wheat 

“Zhengmai 9023”, which indicates that CPPs have the 

potential for green wheat production and reducing chemical 

fertilizer application. 
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