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landscape, ecological and economic conditions. The authors analyzed existing methods for zoning
territories and proposed an improved system of criteria for identifying agro-ecological zones.
Particular attention is paid to the issues of preventing soil degradation and increasing the efficiency
of land use. Based on the research, practical recommendations have been developed for organizing a
system for protecting agricultural lands, taking into account their agro-ecological characteristics. The
use of GIS technologies has made it possible to increase the accuracy in compiling cartographic
materials and automate the process of identifying erosion-hazardous areas, which helps improve agro-
ecological zoning. The application of the proposed integrated approach and an improved system of
criteria makes it possible to optimize the use of agricultural lands and prevent their degradation. The
results of the work can be used in the development of programs and schemes for the use and protection
of land resources and land management, helping to increase fertility, determine yields, optimize crop
rotations and plan agricultural activities.

Key words: agricultural land, land conservation, soil degradation, agro ecological zoning,
sustainable land use, rational use of land, earth deflation
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EFFECT OF LOW-CONCENTRATION FERTILIZERS ON THE
MORPHOLOGICAL PARAMETERS OF ZANTHOXYLUM BUNGEANUM

Abstract

Zanthoxylum bungeanum Maxim, also known as "Huajiao," is a plant native to China, prized
for its fragrant flavor and various therapeutic properties. Nutrient insufficiency is a significant
limitation to plant development, and fertilization is commonly used to overcome this challenge.
However, the effects of fertilization vary depending on the amount of fertilizer applied, the years
following treatment, and the nutritional condition of the forest site. In this study, the effects of
different soil fertilization treatments—nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
and a special compound fertilizer for pepper (HZ)—on the morphological parameters of Z.
bungeanum were analyzed from March to August 2024. The results showed that plant height and
weight significantly improved with fertilization, with low concentrations of fertilizer having the most
positive effects on these growth parameters. These findings highlight the importance of optimizing
fertilizer application to enhance the growth and development of Z. bungeanum. This research provides
a foundation for further studies aimed at improving forest management and maximizing the potential
of this valuable species.

Keywords: Zanthoxylum bungeanum, fertilization, nutrient insufficiency, morphological
parameters, fertilizer treatments, forest protection.

Introduction

Zanthoxylum bungeanum Maxim, commonly known as “Huajiao,” is a valuable plant native to
China, prized for its aromatic fruit and various therapeutic properties. For over two millennia, it has
been cultivated for its medicinal and culinary uses, particularly in traditional Chinese medicine [1].
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However, despite its importance, the growth and yield of Z. bungeanum can be adversely affected by
nutrient deficiencies in the soil. In natural ecosystems, plants often face limitations in nutrient
availability, which hinders their growth and development [2]. Therefore, adequate fertilization
becomes essential to overcome these challenges and optimize plant productivity [3].

Nutrient availability in the soil is a key factor influencing plant growth. While plants require a
variety of essential nutrients for proper development, the availability of these nutrients is highly
dependent on soil conditions and the type of fertilizers applied [4]. Nutrient insufficiency can lead to
reduced growth, affecting key morphological parameters such as plant height, biomass, and overall
development [5]. To address this, various fertilization strategies, including the use of nitrogen (N),
phosphorus (P), potassium (K), and calcium (Ca) are employed to supplement soil nutrients and
improve plant growth [6]. The effects of this organic fertilizer were evaluated on pepper (Capsicum
annuum L.) growth over two seasons in sandy and mountain soils [7]. Similarly, bio-phosphorus
fertilization significantly improved yield and fruit quality in orange trees (Citrus sinensis) [8]. Despite
the extensive research on the impact of fertilizers on various crops [9] , the effects of fertilizer
application on Z. bungeanum remain underexplored. Previous studies have primarily focused on the
influence of higher fertilizer concentrations [10], leaving a gap in understanding how lower
concentrations of fertilizer affect the morphological development of this plant.

Although Z. bungeanum has been widely cultivated for its economic and medicinal value,
studies on its nutrient requirements, particularly at lower fertilizer concentrations, are still limited.
Most existing research has focused on high fertilizer doses, while the impact of low-concentration
fertilizers remains unclear. This study addresses this gap by evaluating the effects of low-
concentration nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and a special compound
fertilizer for pepper (HZ) on the morphological parameters of Z. bungeanum. By investigating how
these fertilizers influence key growth parameters, this research provides new insights into nutrient
optimization for sustainable cultivation. The findings will not only enhance fertilizer management
strategies for Z. bungeanum but also offer a framework applicable to other crops with similar growth
requirements, ultimately supporting sustainable agriculture and maximizing the plant’s economic and
therapeutic potential.

Materials and methods

Experimental Site

The experiment was carried out in the tree nursery of the Northwest A & F University in China
(34°20" N, 108224’ E) and spanned from March to August 2024. The area is located 520 m above
sea level. The average annual temperature is 12.8 °C, and the average annual rainfall is 632 mm. It
belongs to a warm temperate monsoon, semi-humid climate zone. The chemical properties of the soil
are as follows: pH was 7.06; soil organic matter was 25.0 g/kg; available nitrogen was 53.70 mg/kg;
available phosphorus was 12.1 mg/kg; available potassium (K) was 512 mg/kg; Ca was 23.2 cmol/kg;
Mg was 2.3 cmol/kg; and Mn was 6.1 mg/kg.

Plant Materials

One-year-old seedlings of Z. bungeanum with a similar average growth in the experimental
field were selected for the experiment. The average plant height of Z. bungeanum was 15 cm, and the
average ground diameter was 2.78 mm. Seedlings were planted in spring. A total of 130 seedlings of
Z. bungeanum. The seedlings were planted in special bags measuring 17*13 cm in size (Figure 1).

Treatment and measurement

In this study, we evaluated five types of fertilizers: nitrogen (N, applied as urea), phosphorus
(P, applied as potassium dihydrogen phosphate), potassium (K, applied as potassium sulfate), calcium
(Ca, applied as calcium nitrate), and HZ, a special compound fertilizer for peppers developed by the
Northwest A & F University. HZ contained 72.7% active ingredients, including N (12,2%), P
(14,7%), K (19,1%), Ca, (13,6%) Mg (2,4%), S (8,8%), and B (1,9%) providing both macro- and
micronutrients. A total of 16 treatments, including a control group (CK) without fertilizer, were tested
using a linear design, with each treatment having two replications of four seedlings, while CK had 10
seedlings. Fertilizer dosages for N, P, K, and Ca treatments were 200, 400, and 600 mL per tree,
whereas for HZ, the dosages were 300, 500, and 1200 mL per tree. A stock solution was prepared by
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diluting raw materials with water, and the final standard solution was formulated according to
treatment concentrations. Each group received a total of 4000 mL of solution, applied weekly from
late April to early May, totaling six applications.

Figure 1. Potted Z. bungeanum seedlings. A total of 130 Z. bungeanum seedlings were
cultivated in specialized planting bags, each measuring 17 x 13 cm.

The fertilizer solution configurations were as follows: For nitrogen (CHsN:20, 46% active
ingredient), treatments N1, N2, and N3 were prepared with 200, 400, and 600 mL of stock solution
diluted in 1400, 1200, and 1000 mL of water, respectively, resulting in pure fertilizer rates of 0.5, 1.0,
and 1.5 g, with each plant receiving 167 mL of solution. Phosphorus (KH2POs4, 22.8%) treatments P1,
P2, and P3 followed the same dilution pattern, with pure fertilizer rates of 0.5, 1.0, and 1.5 g.
Similarly, potassium (K2SOs, 55%) treatments K1, K2, and K3 used the same concentrations and
application rates. Calcium (Ca (NOs)2-4H20, 17%) treatments Cal, Ca2, and Ca3 were also prepared
using the same method. HZ, the compound fertilizer (72.7% active ingredients), was applied at three
levels: HZ1 (300 mL stock + 1400 mL water, 1.5 g pure fertilizer), HZ2 (500 mL stock + 1200 mL
water, 2.5 g), and HZ3 (1200 mL stock + 1000 mL water, 6.0 g). The control group (CK) received no
fertilizer, and each plant across all treatments received 167 mL of solution.

Seedling height and diameter were recorded on days 28, 56, 84, and 112 after soil fertilization.
A tape measure was used to measure height, while diameter was assessed 1 cm above the seedling
base using a calliper.

Statistical Analyses

Morphological data were statistically analyzed using SPSS software (IBM Inc., Chicago, IL,
USA) and expressed as mean + standard deviation (SD) based on two replicates. The Shapiro-Wilk
test was used to assess normality, and Levene’s test was applied to check the homogeneity of
variance. Since both tests showed non-significant results (p > 0.05), the data met the assumptions for
parametric analysis. To assess the impact of fertilization treatments on seedling height and diameter,
a one-way analysis of variance (ANOVA) was performed, followed by Duncan’s multiple range test
to identify significant differences between treatments (p < 0.05). Significant differences at the 0.05
level are denoted by lowercase letters in tables and figures.

Results and discussion
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The effect of different nutrient fertilizers on the height of seedlings

Nutrient deficiencies are often considered the primary limitation to plant development, with
fertilization serving as the primary strategy to mitigate this issue. However, the effects of fertilization
vary based on the fertilizer dose, the duration since application, and the nutrient status of the growth
environment [11]. In the present study, three concentrations of nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), and humic acid fertilizer (HZ) were applied to investigate the growth
response of Z. bungeanum seedlings. While previous studies have suggested that higher fertilizer
doses are generally more beneficial for tree growth [9], our findings revealed that low concentrations
of fertilizer were more effective in promoting seedling growth. This may be attributed to the risk of
nutrient imbalances or toxicity associated with excessive fertilization, which can exceed the plant’s
absorption capacity and negatively affect growth [12]. By day 28, no significant differences in
seedling height were observed among the various fertilizer concentrations and treatments. However,
seedlings treated with N1 and CK exhibited significantly greater heights compared to those treated
with P1, K1, and Cal. This suggests that fertilizers had limited influence on seedling height during
the early growth stage, with the N1 treatment showing the most pronounced effect. At later time
points (days 56, 84, and 112), seedling heights in the N1, N2, and N3 treatments were comparable
but significantly higher than those in the CK treatment. Interestingly, seedling height decreased as
fertilizer concentration increased, particularly in the P, K, and Ca treatments. By day 84, seedlings
treated with P1, Cal, and HZ1 exhibited height increases of 32.8%, 38.3%, and 18.8%, respectively,
compared to the CK seedlings. On the final measurement day (day 112), seedlings in the P1, K1, and
Cal treatments demonstrated significantly greater heights than those treated with higher
concentrations of the same fertilizers. These treatments resulted in increases of 35.4%, 31.1%, and
30.1% in seedling height, respectively, compared to the CK treatment. This highlights that higher
fertilizer concentrations had an inhibitory effect on seedling growth. For the N and HZ treatments, no
significant differences in seedling height were observed among the low (1), medium (2), and high (3)
concentrations on days 84 and 112. However, the heights in these treatments remained significantly
higher (p < 0.05) than in the CK treatment. Overall, the results emphasize that low-concentration
fertilizers are more effective in promoting the growth of Z. bungeanum seedlings, while higher
concentrations may have adverse effects (Table 2, Figure 2).

Table 2. Effects of Fertilization on seedling height of Zanthoxylum bungeanum

Treatment Height/cm
28d 56d 84d 112d
N1 12.46+1.99 a 23.234+3.14 a 41.66+1.73 a 72.73+£2.02 a
N2 7.78+2.13 be 19.34+1.83 a 39.314£3.36 a 71.29+4.38 a
N3 7.34+4.40 c 18.11+5.65 a 38.84+6.11 a 69.70+£3.45 a
CK 12.01+1.13 ab 19.19+2.07 a 32.82+2.78 b 56.32+3.65b
P1 14.24+1.77 a 26.97+3.27 a 48.87+2.55a 87.30+2.09 a
P2 13.41£2.04 a 25.25+3.43 a 40.50+7.59b 65.89+7.72 b
P3 10.78+3.98 a 20.54+3.15b 36.86+4.83 be 64.9846.75 b
CK 12.01£1.13 a 19.19+2.07 b 32.82+2.78 ¢ 56.32+3.65 ¢
K1l 12.86+£2.41 a 22.27+2.33 a 45.21£1.96 a 82.16+3.15a
K2 11.25£2.29 a 21.73£3.31a 44.18+7.02 a 78.77+8.53 ab
K3 10.98+1.76 a 20.79+2.70 a 42.09+4.49 a 74.2145.76 b
CK 12.01£1.13 a 19.19+2.07 a 32.82+2.78 b 56.32+3.65 ¢
Cal 14.03+2.90 a 27.68+2.33 a 53.2243.02 a 80.60+4.79 a
Ca2 13.29+1.01 a 23.79+1.74 b 39.69+1.66 b 66.49+2.83 b
Ca3 12.89+1.33 a 20.30+1.98 ¢ 37.40+6.93 be 63.79+8.71 b
CK 12.01£1.13 a 19.19+£2.07 ¢ 32.82+2.78 ¢ 56.32+3.65 ¢
HZ1 14.59+1.76 a 24.53+1.96 a 40.40+2.31 a 68.06+1.66 a
HZ2 12.04+3.59 a 23.97+2.76 a 38.90+2.39 ab 67.63£3.24 a
HZ3 11.46£1.96 a 21.20+£2.85 ab 36.24+3.62 bc 65.29+3.11 a
CK 12.01£1.13 a 19.19+£2.07 b 32.82+2.78 ¢ 56.32+3.65b
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Figure 2. The figure illustrates the increment in seedling height (cm) of Z. bungeanum
measured on day 112 following fertilization. A total of 16 treatments, including a control group
(CK) without fertilizer, were tested using a linear design. Each treatment had two replications of
four seedlings, while CK had 10 seedlings. Data represent the mean + standard error. Different

letters indicate significant differences among treatments with the same fertilizer, as determined by
Duncan’s multiple range test (p < 0.05). For N, P, K, and Ca treatments, the numbers indicate
fertilizer application rates: O correspondsto 0.0g9, 1t00.5¢g,2t01.0g,and 3to 1.5 g. For HZ

treatment, the numbers represent: 0as0.0g,1as 1.59,2as 2.5¢g, and 3 as 6.0 g.

The effect of different nutrient fertilizers on the diameter of seedlings

The effects of different nutrient fertilizers on seedling diameter of Z. bungeanum were assessed,
focusing on treatments with NPK, Ca, and HZ. Each of these nutrients plays a crucial role in plant
growth and development [13], and their influence was observed across different treatment conditions.
The N1 treatment led to significant increases in seedling diameter starting from day 28, with
consistent growth observed through subsequent measurements. N is often a limiting nutrient in
intensive agricultural systems, and the application of nitrogenous fertilizers is essential for promoting
high crop yields [14]. Similarly, P1 treatment resulted in a significant increase in seedling diameter
beginning at day 56 and continuing throughout the study. By day 112, the seedlings treated with P1
exhibited a diameter 25.1% larger than the CK. The largest diameter was observed in P1-treated
seedlings, which were 25.1% larger than those in CKO by the 112th day. Phosphorus use efficiency
is typically low (15-20%) in crops, and its application through fertilizers significantly enhances plant
growth and development [14].

Inorganic phosphate (Pi), sourced mainly from mined rock phosphate, is a critical nutrient, but
its depletion can limit plant growth, resulting in stunted development, reduced leaf number, and
impaired photosynthetic capacity[15, 16]. K is crucial for key metabolic processes, plant growth, and
stress responses, accounting for up to 10% of a plant’s dry weight [17]. In this study, the potassium
treatment did not show significant differences in seedling diameter among the various concentrations
from days 28 to 84. However, by day 112, seedlings under the K1 treatment exhibited significantly
larger diameters compared to other potassium treatments, suggesting that a lower concentration of
potassium may be particularly beneficial for seedling growth during the final stages of development.
The seedlings treated with Cal showed consistently higher diameters across all measurement points,
from day 28 to day 112. The positive effect of calcium on seedling growth was evident throughout
the experiment. HZ1 treatment also resulted in significant increases in seedling diameter, starting
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from day 28 and continuing through the entire study. These results suggest that both Cal and HZ1
play important roles in enhancing seedling growth, likely by improving nutrient availability and
stimulating physiological processes (Table 3, Figure 3).

Table3. Effects of Fertilization on seedling diameter of Zanthoxylum bungeanum

Treatment Diameter/mm
28d 56d 84d 112d
N1 3.40+0.16 a 3.85+0.14 a 5.21+0.11 a 7.05+0.25 a
N2 2.64+0.26 be 3.19+0.30 b 4.85+0.34 a 6.84+0.24 a
N3 2.39+0.88 ¢ 3.13+0.49b 4.72+0.57 a 6.73+0.31 a
CK 3.20+0.10 ab 3.63+0.15a 5.02+0.30 a 6.02+0.47 b
P1 3.13+0.20 a 4.01£0.30 a 5.77+£0.27 a 8.04+£0.34 a
P2 3.11+0.28 a 3.58+0.26 b 4.88+0.43 b 6.26x0.47 b
P3 2.96+0.22 a 3.43+0.19b 4.86+£0.35b 6.22+0.70 b
CK 3.20+0.10 a 3.63+£0.15b 5.02+0.30 b 6.02£0.47 b
K1 3.15+0.31a 3.64+0.26 a 5.47+0.32 a 7.66+0.26 a
K2 3.12+0.40 a 3.61+£0.46 a 5.35+0.58 a 7.13+0.78 ab
K3 2.85+£0.12 a 3.55+0.21 a 5.05+£0.63 a 6.68+1.03 be
CK 3.20+0.10 a 3.63+0.15a 5.02+0.30 a 6.02+0.47 ¢
Cal 3.51+0.26 a 4.20+0.24 a 6.30+0.26 a 7.85+0.30 a
Ca2 2.87+0.17 ¢ 3.56:0.11b 4.9240.26 b 6.43+0.47 b
Ca3 2.99+0.15 be 3.50+0.12 b 4.90+£0.29 b 6.37£0.67 b
CK 3.20+£0.10 b 3.63+0.15b 5.02+0.30 b 6.02+0.47 b
HZ1 3.38+0.11a 3.82+0.13 a 5.46+0.20 a 7.02+0.29 a
HZ2 3.05£0.31b 3.55+0.40 a 5.13+0.51 a 6.98+0.54 a
HZ3 3.02£0.25 b 3.53+0.21 a 5.06£0.17 a 6.87+0.28 a
CK 3.20+0.10 ab 3.63+0.15a 5.02+0.30 a 6.02+0.47 b
97 a
8 N éab kd a
= a a
Er{mTd, bib ITC Eib eI
. T | LI T T
5
S 5
£
g 4
(O]
53
e]
m 1
0
N P K Ca HZ
Fertilizing treatments
= 1] — 2 == 3 = 0

Figure 3. Seedling diameter (mm) of Z. bungeanum at day 112 after fertilization. A total of

16 treatments, including a control group (CK) without fertilizer, were tested using a linear design.
Each treatment had two replications of four seedlings, while CK had 10 seedlings. Data represent
the mean + standard error. Different letters indicate significant differences among treatments with
the same fertilizer, as determined by Duncan’s multiple range test (p < 0.05). For N, P, K, and Ca

treatments, the numbers denote fertilizer application rates: 0 corresponds t0 0.0 g, 1t00.5g, 2 to
1.0 g, and 3 to 1.5 g. For HZ treatment, the numbers represent: 0as 0.0 g,1as 1.5g,2as 2.5 g, and

3as6.0g.
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In summary, our findings indicate that lower fertilizer concentrations were more effective in
promoting the growth of Z. bungeanum seedlings. Among the treatments, N1 and P1 had the most
significant effects on seedling growth, followed by K1, Cal and HZ1. The role of individual nutrients
is well-documented in various plant species. For example, nitrogen (N) is essential for vegetative
growth and chlorophyll synthesis, as seen in wheat (Triticum aestivum), where nitrogen deficiency
results in stunted growth and chlorosis [18]. Phosphorus (P) is critical for root development and
seedling establishment in maize (Zea mays) [19]. Potassium (K) supports plant root growth and
development [20], while calcium (Ca) plays a key role in cell wall integrity and signal transduction,
as demonstrated in tomato (Solanum lycopersicum) [21]. These findings emphasize the importance
of balanced nutrient management, with lower fertilizer concentrations proving more beneficial for
optimal seedling growth and development.

Conclusion

This study examined the effects of N, P, K, Ca, (0.5g, 1.0g, 1.5g), and HZ (1.5g, 2.5g, 6.09)
under different concentration of fertilizers on Zanthoxylum bungeanum seedlings. Low fertilizer
concentrations significantly promoted seedling height and diameter, suggesting that minimal nutrient
levels support optimal growth. In contrast, higher concentrations, despite initial benefits, led to
growth inhibition, likely due to nutrient toxicity. These findings suggest that precise fertilizer
management can enhance seedling cultivation, reducing costs and environmental risks. Future studies
should investigate long-term soil health impacts, microbial responses, and field applications to refine
fertilization strategies.
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ZANTHOXYLUM BUNGEANUM ©CIMAITTHIH MOP®OJOT UAJIBIK

IMAPAMETPJIEPIHE TOMEH KOHIIEHTPAIIUAJIBI TRIHAVMTKBIIITAPABIH OCEPI

Anoamna

Zanthoxylum bungeanum Maxim, KpiTaiiga "Xyan3s0" nereH aTrnen Oenrisi eCiMIiK, XOII HiCTi
oM MEH eMJIK KacHeTTepl YIIIH >KOoFapbl OarajaHajibl. OCIMIIKTEpIIH JaMyblHA KOPEKTIK
3aTTap/blH KETICTICYIIUIrT YIKEH Keaepri OOJbIN TaObUIadbl, XoHE OV MOCEJICHI MIemly YIIiH
KeOiHece THIHAUTKBIIITAP KOJMJaHbLIaaAbl. Anaiaa, THIHAUTKBIILITAPIbIH dCepi OlapAblH MeJIIEPIHe,
KOJIJIaHy YyaKbITBIHAH KEHIHT1 JKBUIApFa JXKOHE OpMaH TOIBIPAFBIHBIH KOPEKTIK KaFJaibIHa
OailmaHbICTHI ©3repin OThIpabl. by 3epTTeyae Tonbipak THIHAUTKBIIITAPBIHBIH OPTYPIil TYPIEpiHiH
— azor (N), dochop (P), xammit (K), xampmmii (Ca) >xoHe OypBIIIKa apHaJFaH apHAWBI
TeIHAUTKBIITHIH (HZ) — Z. bungeanum eciMairinin MopdoIOTHsUIIBIK, MapaMeTpiepine acepi 2024
KBUIIBIH MaMblp alblHAH TaMbI3 alblHA JIeHiH Tanmadabpl. HoTmkenep KOpPCETKEHCH,
THIHAUTKBIIITAPIbI KOJJIaHy OCIMIIKTIH OWIKTIrI MEH CaJMaFblH eoylp JKaKCapTThl, ajl TOMEH
KOHIICHTPALUAAAFbl TRIHAUTKBIIITAP ©CIMIIK MapaMeTpiiepiHe eH KaKChl acep eTTi. by HoTmxkenep
THIHAWTKBIIITAPIBl  KOJJAAHYbl OHTAWIaHABIPYIbIH Z. bungeanum ecimiH koHe gaMybIH
KaKcapTyJarbl MaHBI3IBUIBIFBIH KOpceTe . 3epTTey Oyl KYHABI TYPAIH MYMKIHIIKTEpiH OapbIHIIa
apTTHIPY JKOHE OpMaH bl OACKaPY bl JKETUIAIPY OOMBIHIIIA KOCHIMIIIA )KYMBICTapFa Heri3 00Jajbl.

Kinm  ce30ep: Zanthoxylum bungeanum, ThIHAHTKBIIITAp, KOPEKTIK  3aTTapiblH
JKETICIICYIITIIr,, MOP(OTOTHUSIIBIK TTapaMeTpJiep, THIHAUTKBIII OHICYJIEPi, OpMaHIbl KOPFay.
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2TOO Llanoyne SAucunv Pynghone Aepapnvie Texnonozuu, [llanoyne. Kumail,
zfx2145999@126.com
BJIMSAHUE HU3KOKOHIIEHTPUPOBAHHBIX YIOBPEHUM HA
MOP®OJIOI'NYECKHUE TAPAMETPBI ZANTHOXYLUM BUNGEANUM
Annomauus
Zanthoxylum bungeanum Maxim, u3BecTHbIi Kak "Xyan3so'", — 3TO pacTeHHE, POJOM W3
Kuras, uensieecs 3a CBOi apoMaTHbIN BKyC U jiedeOHbIe cBoiicTBa. OJHUM M3 IJIaBHBIX (DaKTOPOB,
OTPaHUYMBAIONINX €TO POCT, SIBISETCS NE(MUIMT MUTATEIBHBIX BEIIECTB, U yIOOpPEHUE SBISIETCS
OCHOBHBIM CHOCOOOM pemieHust 3Toi mnpobaembl. OnHako >PQeKTsl OT YIOOpEeHUs MOryT
BapbHPOBATHCS B 3aBUCHUMOCTH OT TaKMX ()AaKTOPOB, KaK KOHIEHTpAaIHs YAOOpEHHU, BpeMms C
MOMEHTa MpPHMEHEHUs U oOIIMe YCJIOBUS NMTaHUS TMO4YBBl. B 3TOM wHccienoBaHun ObuI
MpoaHaIu3upoBaH dPPEeKT pa3IUYHbIX MOYBEHHBIX yao0penuit — azota (N), ¢pochopa (P), xanus
(K), xampmms (Ca) u coenuagbHOrO KOMIUIGKCHOTO ymoOpenus st nepua (HZ) — Ha
Mopdosiornaeckue mapameTpsl Z. Bungeanum B mepuos ¢ mas mo aBryct 2024 roga. PesynbraThl
[OKa3aJid, 4YTO BHICOTA M JUAMETP PACTECHUH 3HAYUTEIbHO YIYUIIMWJIUCh HPU HCIOJIb30BaHUU
ynoOpeHui, TP ATOM HHU3KHE KOHIICHTPAIMH YIOOpEHWH OKa3aau HauOoJee IOJIOKUTEILHOES
BIMSIHME Ha POCTOBBIE MapaMeTpbl. JTH pPe3yJbTaThl MOAYEPKUBAIOT BAXXHOCTb ONTHUMM3ALUU
NPUMEHEHHS yI0OpeHHi IS YIIydllieH s pocTa U pa3sutus Z. bungeanum. MccnenoBanue co3maet
OCHOBY [UId JalbHEHIIMX paboT, HANpaBlIEHHBIX Ha YIy4YlleHHE YIPaBICHUS JecaMu U
MaKCHUMH3AIHIO MTOTEHIMAJA 3TOTO IEHHOTO BHU/IA.
Knrwoueswvie cnosa: Zanthoxylum bungeanum, ynoOpeHne, HeXBaTKa IMHUTATEIbHBIX BELIECTB,
Mopdororuueckue napamerpsl, 00paboTKH y100peHHUSIMH, 3aluTa Jieca.

MPHTH 68.47.75 DOI https://doi.org/10.37884/1-2025/36

M.K. Kynuueawosa™, A.J]. Ymebexosa, K. b.Aounbaesa

Kaszaxckutl HayuonanvbHwiil acpapHulil uccied08amenbCeKkull yrusepcumem, Aimamot,
Kazaxcman, moldir060691@gmail.com*, arunial90482@mail.ru , Zhanera78@mail.ru

MUWPOBOMH ONBIT IEMOHUPOBAHUSA YIJIEPOJIA B IECHBIX
IKOCUCTEMAX B YCJIOBUAX UBMEHEHU A KIIMMATA

Annomayus

Jleca urparoT KIIOYEBYIO POJb B 0Opb0E C TI0OANBHBIM MOTEIUICHUEM, BElb OHH SIBISIOTCS
KpYITHEUIITUM Ha3eMHBIM PE3EpByapoM yriepoja. B HHX akKyMyJIupyroTcs 00Jiee IMOJOBUHBI
yTaepo/a TUIaHeThl U obecreunBaioT okono 80% ero oOMeHa MeXAy Ha3eMHBIMU 3KOCUCTEMAMU U
atmocdepoit. Haubonee a¢hpexTuBHBINA crTOCOO COXpaHEHUs yTiepo/ia B JiecaX — 3TO YMEHBIIICHHUE
MacmTaboB BBIPYOKM M 3allWTa JIECHBIX MAacCHBOB. I B 3TOM HEMaJOBa)XHOE 3HAYCHHUE HMEET
CO3JJaHUE U COXPAHEHHE JIECOOXPAHHBIX 30H. B peryiampoBaHuy MUPOBOrO CTOKA yIJIEpO/ia BaXKHOE
MECTO 3aHUMAET rPaMOTHAs JIECHAS MOJIUTHKA KaXKJI0T0 TOCyAapCcTBa, UMEIOLIETro JECHBIE MIOIIAIH.
B cBsI31 ¢ 3THM 0Y€Hb Ba)KHO U3yUEHHUE OIbITA 3apyOekKHBIX CTPaH MO0 COXPAHEHHUIO MyJIOB YTIiiepo/ia
B JiecaX, YUHUTHIBas CHEIU(PUKY 3aKOHONATEIHCTBA, METOABI BEJCHHS JIECHOTO XO3SICTBA M MpaBa
COOCTBEHHOCTH Ha JIECHBIE pecypchbl. B 93Tolt cTaThe paccMaTpuBaeTCs MHPOBOW  OIBIT
JEIOHUPOBAHMS yTIIEpOoJia B JIECHBIX JKOocHUcTeMax, ¢ akueHtoM Ha EBpomy, CHI' u CeBepnyto
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