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Abstract

[ Objectives | To clarify the effects of varying potassium application rates on leaf growth and soil mineral nutrients of greenhouse

peaches, and to identify the optimal potassium fertilizer dosage. [ Methods] Using the greenhouse peach superior line C26-7-17 as the test ma-

terial and maintaining a fixed ratio of nitrogen and phosphorus fertilizers, five potassium fertilizer treatment groups were established. The appli-

cation rates of potassium sulfate were 0, 67, 135, 202, and 269 g/plant, respectively. The regulatory effects of varying potassium application

rates were analyzed by measuring leaf area, chlorophyll content, and soil mineral element content. [ Results] Applying nitrogen, phosphorus,

and potassium fertilizers in specific proportions increased the leaf area of greenhouse peaches, enhanced chlorophyll content, and significantly

improved the soil’s nutritional status. Considering the overall optimization of soil nutrients, the recommended potassium fertilizer dosage under

the experimental conditions was 202 ¢/plant. [ Conclusions] This study offers theoretical insights that may enhance the quality and efficiency

of greenhouse peaches, as well as inform nutrient management strategies.
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0 Introduction
Peach ( Prunus persica 1.. ) , a member of the Rosaceae fami-

ly and the genus Prunus'"

, is characterized by its sweet and fra-
grant flavor, thick and juicy flesh, and high content of various vi-
tamins and mineral elements. It is a traditional fruit that is widely
cherished by the public in China. With advancements in agricul-
tural science and technology, alongside increasing consumer de-
mand, greenhouse cultivation techniques have been progressively
adopted in the peach industry. Following years of development,
greenhouse cultivation has become a significant sector in the peach
industry. Potassium is an essential mineral element for plant
growth and development, playing a crucial role in key physiologi-
cal processes such as photosynthesis and transpiration. It acts both

. 2
as a component and an activator of numerous enzymesL !

, and
functions as an osmotic regulator within cellular tissues. Addition-
ally, potassium is a vital nutrient in fruits, contributing to osmotic
regulation, maintaining cation-anion balance, and facilitating the
transport of assimilates. Thus, it is recognized as a multifunctional
nutrient and a " quality element" " /. The appropriate application

of potassium fertilizer, along with maintaining a balanced ratio of
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nitrogen, phosphorus, and potassium, constitutes essential strate-
gies for increasing yield and improving quality. Consequently,
standardizing the fertilization ratio for greenhouse peaches is of
considerable practical significance in enhancing fruit quality.

This study employed the greenhouse peach superior line C26-
7-17 to examine the effects of different potassium application rates
on leaf growth and soil element content. The objective was to elu-
cidate the variation patterns of soil element content in response to
potassium application rate, thereby offering theoretical insights
and practical guidance for the efficient cultivation and nutrient

management of greenhouse peaches.

1 Materials and methods

1.1 Experimental design The experiment was carried out
from March to September 2022 in No.2 Greenhouse at the Changli
Institute of Pomology, Hebei Academy of Agricultural and Forestry
Sciences. The experimental material consisted of the low-chilling-
requirement superior line C26-7-17, which was developed by the
Institute of Pomology at the Jiangsu Academy of Agricultural Sci-
ences and was planted in the spring of 2019. Plants were spaced at
1 mx1.5 m, with soil pH measured at 7. 0 and organic matter
content at 27. 16 g/kg. Standard water and fertilizer management
practices were implemented, alongside routine flower and fruit
thinning, to maintain a consistent fruit load per tree.

The experiment consisted of five treatment groups. Nitrogen
and phosphorus fertilizers were applied in a ratio of 2 : 1, whereas
potassium fertilizer was administered at gradient ratios of 0, 0.5,
1, 1.5, and 2, corresponding to potassium sulfate application
rates of 0, 67, 135, 202, and 269 g/plant, respectively. Isolation
rows were established between each fertilization treatment. Fertil-
izers were applied via furrow application at a depth of 30 ¢cm, one

month after the stone hardening stage and prior to fruit maturity.
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1.2 Measurement indicators and methods Leaf area was
quantified using a leaf area meter. Chlorophyll content was as-
sessed through ethanol extraction followed by ultraviolet spectro-
photometry. Soil nitrogen content was analyzed employing a Kjel-
dahl analyzer. Other mineral elements were determined via induc-
tively coupled plasma emission spectroscopy subsequent to micro-

wave digestion.

2 Results and analysis

2.1 Effects of different potassium application rates on the
leaf area and chlorophyll content of greenhouse peaches The
application of potassium fertilizer had a significant effect on leaf
area and chlorophyll content. As illustrated in Fig. 1, no statisti-
cally significant differences in leaf area were detected among the
treatments. Nevertheless, the treatment with 269 g/plant potassi-

um fertilizer produced the largest leaf area, measuring 28.59 cm’.
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In the 67 g/plant potassium fertilizer treatment, the contents of
chlorophyll a, chlorophyll b, and total chlorophyll ( chlorophyll
a+b) were all higher than those in the control group, with the
content of chlorophyll a and total chlorophyll exhibiting statistical-
ly significant increases relative to the control. Conversely, the
chlorophyll a content under the 269 g/plant potassium fertilizer
treatment was significantly lower than that of the control. In sum-
mary, under the combined application of nitrogen, phosphorus,
and potassium, the addition of potassium fertilizer did not result in
a significant change in leaf area. However, when potassium fertil-
izer was applied at a rate of 67 g/plant, the contents of chlorophyll
a, chlorophyll b, and total chlorophyll increased to varying ex-
tents. This significant enhancement in chlorophyll content facili-
tates the utilization and conversion of light energy, thereby impro-

ving the photosynthetic performance of the plants.
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Fig.1 Effects of different potassium application rates on the leaf area and chlorophyll content of greenhouse peaches

2.2 Mineral nutrients in the soil

2.2.1 0-20 cm soil layer. As presented in Table 1, within the
0 —20 cm soil layer, the nitrogen content generally increased with
higher application rates of potassium fertilizer, except for the 135
g/plant potassium fertilizer treatment. The highest nitrogen con-
tent was observed at the 269 g/plant potassium fertilizer treat-
ment, which was significantly greater than that of the control by
11.11% . Conversely, the phosphorus content was significantly re-
duced in all fertilized treatments compared to the control, with the
269 g/plant potassium fertilizer treatment showing the lowest phos-

phorus content, which was significantly lower than the control by
23.59% . The potassium content initially decreased and subse-
quently increased from the first fertilization treatment. The potas-
sium levels in the 67 and 135 g/plant potassium fertilizer treat-
ments were significantly lower than those in the control group,
whereas the potassium levels in the final two potassium fertilizer
treatments did not differ significantly from the control. These find-
ings suggest that the application of nitrogen and phosphorus fertil-
izers in the first two treatments induced potassium deficiency in
the plants, prompting increased potassium uptake from the soil
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and thereby reducing soil potassium content. With the subsequent
increase in potassium fertilizer application, the contents of nitro-
gen, phosphorus, and potassium in the soil gradually stabilized,
returning to levels comparable to those observed prior to fertiliza-
tion. The calcium content was significantly lower than that of the
control under 135 and 269 g/plant potassium fertilizer treatments.
Conversely, the calcium content was higher than the control under
67 and 202 g/plant potassium fertilizer treatments, but these in-
creases were not statistically significant. Both magnesium and cop-
per contents were significantly lower than the control under the 135
g/plant potassium fertilizer treatment. The manganese content did
not exhibit significant differences among the treatments. The zinc
content was significantly reduced compared to the control following
fertilization, demonstrating a decreasing trend. No significant
differences were detected among the 135, 202, and 269 g/plant
potassium fertilizer treatments, but the lowest zinc content was
34.79% lower than that of the control. The iron content began to

decline at a potassium application rate of 135 g/plant and was sig-
nificantly lower than the control. The minimum iron content was
observed in the 269 g/plant potassium fertilizer treatment, repre-
senting a significant reduction of 25.62% relative to the control.
By comparing the effects of various potassium fertilizer treat-
ments on mineral element content, the following conclusions were
drawn. The application of 67 g/plant potassium fertilizer signifi-
cantly decreased the contents of phosphorus, potassium, and zinc,
while increasing nitrogen and calcium contents. At a dosage of 135
g/plant, all element contents except for nitrogen, calcium, and
manganese were significantly reduced, with no observed increase
in soil element content. The 202 g/plant potassium fertilizer treat-
ment resulted in significant reductions in phosphorus, iron, and
zinc contents, accompanied by increases in nitrogen and calcium
contents. Finally, the 269 g/plant potassium fertilizer treatment
significantly increased nitrogen content, whereas phosphorus, cal-

cium, iron, and zinc contents were significantly decreased.

Table 1 Effects of different potassium application rates on the content of mineral elements in the 0 —20 cm soil layer of greenhouse peaches

Nitrogen Potassium Calcium

mg/g mg/g mg/g mg/g

Phosphorus
Treatment

Magnesium Iron

mg/g mg/g mg/kg

Manganese Zinc

mg/kg

Copper
mg/kg

NPK, 2.33+0.02¢ 1.74+0.03a 4.08+0.11a 4.07 0.5 ab 3.90+0.48 a 18.48 +1.39 a 371.61 £53.02 a 171.66 £3.15 a 21.16 £1.16 a

NPK¢,

NPKj3s  2.27+0.04 ¢ 1.35+0.06 ¢ 3.38+0.28 b 3.40+0.28 be 3.04 £0.1 b
NPKy,  2.56+0.05a 1.6+0.07 b

NPK,69

2.43+0.02b 1.65+0.02b 2.52+0.25¢ 4.54+0.72a 3.93+0.64 a 19.49+0.5a 333.68 £76.79 a 141.56 +13.9 b 18.52 +0.5 ab

14.01 £0.5b 286.33 +12.54 a 111.94+8.33 ¢ 15.79 x1.73 b

4.28+0.19a 4.33+0.12a 3.39+0.07 ab 15.06 +0.53 b 348.84 £65.11 a 117.09 £3.76 ¢ 19.28 +0.42 a
2.59+0.03a 1.33+0.04 ¢ 3.89+0.21a 3.03+0.0l ¢ 3.45+0.35ab 13.74 +1.13 b 289.00 £10.37 a 116.24 £5.89 ¢ 20.66 £2.6 a

NOTE Different lowercase letters in the same column indicate statistically significant differences at the 0.05 level. The same below.

2.2.2 20 -40 cm soil layer. The changes in mineral element
content in the 20 —40 cm soil layer are presented in Table 2. Fol-
lowing the application of potassium fertilizer, the contents of zinc
and copper significantly decreased, whereas those of calcium and
manganese significantly increased. As the application rate of po-
tassium fertilizer increased, the nitrogen content initially rose,
reaching a peak at the 202 g/plant potassium fertilizer treatment,
which was significantly higher than the control by 18. 84% , and
began to decline at the 269 g/plant potassium fertilizer treatment.
The phosphorus content was significantly reduced in the 135 and
269 g/plant potassium fertilizer treatments compared to the con-
trol, with the 269 g/plant potassium fertilizer treatment exhibiting
the lowest value, which was 12. 13% lower than that of the con-
trol. Conversely, the potassium content under the 202 g/plant po-
tassium fertilizer treatment was significantly higher than the control
by 8.4% . The calcium content was significantly elevated relative
to the control across all fertilization treatments, displaying an ini-
tial increase followed by a subsequent decrease. The highest calci-
um content was recorded under the 202 g/plant potassium fertilizer
treatment, surpassing the control by 41. 62% . The magnesium
content demonstrated an initial increase followed by a subsequent
decrease, attaining its maximum value under the 67 g/plant potas-
sium fertilizer treatment. The iron content exhibited a declining
trend, with the content significantly lower than the control under
the 269 g/plant potassium fertilizer treatment. The manganese

content was significantly elevated compared to the control across

all fertilization treatments, displaying a pattern of initial increase
followed by a decrease, and peaking at the 67 g/plant potassium
fertilizer treatment where it surpassed the control by 7.98%. The
zine content significantly decreased following fertilization, showing a
gradual downward trend and reaching its minimum at the 269
g/plant potassium fertilizer treatment, which was 27. 65% lower
than the control. The copper content was significantly reduced relative
to the control after fertilization, but no clear trend was discernible.

A comparative analysis demonstrated that the application
rates of 67 and 135 g/plant potassium fertilizer significantly en-
hanced the content of nitrogen, calcium, magnesium, and manga-
nese. The application rate of 202 g/plant potassium fertilizer sig-
nificantly increased the contents of nitrogen, potassium, calcium,
and manganese. In contrast, the 269 g/plant potassium fertilizer
treatment significantly elevated calcium and manganese content but
resulted in a significant reduction in phosphorus and iron content.

The changes in mineral element content across two soil layers
were statistically analyzed to determine the number of elements
that significantly increased or decreased under each fertilization
treatment. Treatments NPK,;; and NPK,, exhibited relatively less
favorable effects, whereas treatments NPK, and NPK,, showed
more positive outcomes. Notably, the NPK,,, treatment resulted in
elevated potassium content in both soil layers, which is advanta-
geous for enhancing fruit quality. Consequently, under the condi-
tions of this experiment, a potassium application rate of 202

g/plant is recommended.
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Table 2 Effects of different potassium application rates on the content of mineral elements in the 20 —40 cm soil layer of greenhouse peaches

Treatment Nitrogen Phosphorus Potassium Calcium Magnesium Iron Manganese Zinc Copper
mg/g mg/g mg/g mg/g mg/g mg/g mg/kg mg/kg mg/kg
NPK, 1.38+0.07d 0.99+0.02a 3.45+0.13b 3.34+0.06c 4.6+0.09 ¢ 22.73+0.27 a 389.76 £1.26 ¢ 145.07 £6.75 a 63.48 +0.45 a
NPKg; 1.49 +0.08 be 0.97 £0.04 ab 3.60 £0.08 ab 4.18 £0.18 b 5.02+0.13 a 22.79 +0.49 a 420.85+9.97 a 125.94+1.02 b 53.58 +1.19 ¢
NPKj3s  1.57+0ab  0.93+0.01b 3.50+£0.03b 4.29+0.05b 4.80+0.03 b 22.52+0.1 ab 413.04 +5.02 ab 120.23 +3.06 b 56.22 +1.04 b
NPKyp,  1.64+0.06 a 1.00+0.01 a 3.74+0.05a 4.73+0.09 a 4.75+0.04 bc22.47 0.2 ab 407.35+2.58 b 118.43 +4.64 b 56.60 +0.80 b
NPKygo  1.41+0.04 ¢d 0.86 +0.02 ¢ 3.59 +0.08 ab 4.30 +0.08 b 4.61 +0.06 ¢ 22.04+0.26 b 403.61 £3.2b 104.96+3.86 ¢ 52.84 +0.41 ¢

3 Discussion

The results demonstrated that potassium application led to an
increase in leaf area, but this effect was not statistically signifi-
cant. In contrast, an increase in chlorophyll content was associat-
ed with enhanced photosynthetic performance of the leaves. Chlo-
rophyll content showed consistent trends across varying potassium
fertilizer rates, with a significant increase observed at the 67
g/plant potassium fertilizer treatment. This effect is likely attribut-
able to potassium’s role in improving nitrogen uptake and utiliza-
tion, thereby facilitating accelerated chlorophyll synthesis. These
findings are consistent with those reported by Ma Yehui ef al. ' in
their study on potassium fertilizer application in tomatoes.

Research indicates that the element content varies significant-
ly among different plant organs, reflecting differences in their
transport capacity, absorption, and distribution characteristics.
During the fruit enlargement stage, the fruit serves as the primary
growth center, with the majority of elements being transported to-
ward it"”’. Concurrently, complex interactions among elements oc-
cur, manifesting as either antagonism or mutual promotion™’ . Va-
rying potassium application rates exert differential effects on min-
eral elements across plant organs, resulting in variable element
uptake by plants. The trends of certain elements in the soil do not
exhibit clear patterns but instead display irregular fluctuations.

Soil functions as the foundational medium from which root
systems absorb nutrients. Soil pH plays a critical role in regulating
nitrification processes and the transformation of soil constitu-
ents"”’. The mineral element content within the soil is the princi-
pal nutrient source for plant growth and fruit development. Studies
have demonstrated that mineral element contents in plant leaves,
petioles, and fruits are significantly or highly significantly correla-
ted with those in the soil"”’. Adequate mineral nutrition improves
fruit quality and enhances plant resistance. In this study, the po-
tassium content in the 0 —20 cm soil layer initially decreased and
subsequently increased. This pattern may be attributed to the ap-
plication of nitrogen and phosphorus fertilizers at the first two po-
tassium fertilizer concentrations, which likely induced potassium
deficiency in plants. As a result, plants absorbed substantial
amounts of potassium from the soil, leading to a reduction in soil
potassium levels. Thereafter, with increasing application rate of
potassium fertilizer, the levels of nitrogen, phosphorus, and potas-
sium in the soil gradually stabilized, returning to pre-fertilization
conditions. Additionally, the experimental results demonstrated

that potassium fertilization significantly enhanced nitrogen content

in both soil layers while concurrently decreasing zinc content.
Compared to the 0 =20 c¢m layer, the 20 —40 c¢m layer showed a
greater variety of mineral elements with increased content. This
phenomenon may be attributed to the comparatively weaker tree
vigor and shallower root systems of greenhouse peaches relative to
those cultivated in open fields. Despite the observed increase in
mineral nutrients within the 20 — 40 c¢m layer following fertiliza-
tion, their utilization efficiency remained relatively low.

In summary, the application of nitrogen, phosphorus, and
potassium fertilizers in a specific ratio enhances the leaf area of
greenhouse peaches and increases chlorophyll content, while
markedly improving soil nutrient status. Based on soil nutrient
considerations under the experimental conditions, the recommen-

ded potassium application rate is 202 g/plant.
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