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ABSTRACT

To study the soil pH value, quality characteristics of organic matter, and available elements in intensive cultivation of
walnut orchards in different areas of Hubei Province, and to provide the scientific basis for the soil management of
walnut orchards in different areas, the distribution frequency and correlation of the pH value, organic matter and
alkalescence N, available P, available K, available Ca, available Mg, available S,available Fe, available Zn, andavailable
B in 135 walnut orchards from 6 walnut production areas in Hubei Province were analyzed by a typical sampling
method. The differences and main sources of comprehensive fertility coefficients in different production areas were also
analyzed. The distribution frequency of organic matter and available elements in walnut orchards were unbalanced.
Available P was the most skewed with 55.67%. The soil organic matter content was significantly correlated with the
contents of alkalescence N, available P, available K, available Mg, available Fe, available Zn and available B. The
comprehensive soil fertility coefficient ranged from 1.21 to 1.84, with an average of 1.52, which was the general fertility
level. The maximum limiting factor of soil fertility was available S, followed by alkalescence N and available P. There
were significant differences in comprehensive soil fertility among different walnut production areas. 92.67% of the
differences came from within the production areas, and 7.33% from between production areas. The highest
differentiation coefficients were available K and available P, which were 26.20% and 10.79%, respectively. The contents
of alkalescence N and P were elements that affect the soil fertility of walnut production areas in Hubei Province. And the
skew amounts and differentiation coefficients of P were larger than other elements. In view of the significant positive
correlation between organic matter content and most soil elements, in order to improve the comprehensive soil fertility, it
is suggested that soil management should focus on increasing soil organic matter, the application of phosphorus fertilizer
and improving the availability of phosphorus.
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INTRODUCTION 27 provinces (regions and cities) in China, and its
cultivated area has annually increased by 10% in recent

The forest industry is important for the years (Wu et al., 2009; Leslie et al., 2015).

implementation of the strategic adjustment of the rural The soil nutrient content has an important effect
industrial structure and key forestry projects in China. on tree biomass accumula?ion (Gauthier.and Jacobs,
Walnut (Juglans regia L.) is the most economically 2011). More and more attention has been paid to research
important member of the Juglandaceae family (Milatovi on soil quality and soil fertility of forests (Rosati er al.,
et al., 2020). 1t is widely cultivated in the temperate and ~ 2006). The nutrient demand of walnut trees are tall high.
subtropical regions of the Northern Hemisphere, for its Ensuring a nutrient supply is key to obtaining high
edible nuts and high-quality wood. It is one of the four quality, high yield, and higher economic value. As a
main nuts consumed worldwide with abundant nutrients, rapidly growing tree species in China, it is very important
such as fats, proteins, carbohydrates, vitamins, and to study the soil quality characteristics and nutrient status
minerals (Fang et al., 2019, 2021). As one of the most of walnut orchards in walnut production areas for site
important traditional economic forest tree species in selection and management. A large number of studies
China, walnut is cultivated in 1046 counties and cities of have been carried out on the annual changes of walnut
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leaves, fruit, tree mineral nutrition, and walnut orchard soil management resulted backward, with serious
soil nutrients (Asma, 2012; Cosmulescu and Trandafir, diseases and insect pests, low yield and low efficiency
2014; Ma et al., 2019; Ozdemir et al., 2019). However, being common. This research studied the soil quality
the scale of walnut cultivation has rapidly expanded, and characteristics and spatial soil fertility differences of
many walnut cultivation areas have not carried out an typical walnut orchards in Shiyan City, Enshi
adaptability evaluation, resulting in poor walnut growth, Autonomous Prefecture, Yichang City, Xiangyang City,
low yield, serious diseases and insect pests, and other Suizhou City, and Jingmen City in Hubei Province,
problems (Gharibzahedi et al., 2014; Culumber et al., where intensive walnut cultivation is concentrated, in
2019; Mora et al., 2019; Qiao et al., 2020). Therefore, it order to provide a scientific basis for the selection of
is very important to carry out regional evaluations of walnut orchard sites and soil management in this and its
walnut soil nutrient quality, which is rarely reported at surrounding areas. This should give walnut orchards
present. high-yield and high-efficiency in order to promote the
Hubei Province is located at the intersection of realization of the walnut poverty alleviation role.

the first-grade plane lowlands in eastern China and the

second-grade plateau mountains in western China, and is MATERIALS AND METHODS

the watershed of the north-south climate and the cross

zone of the natural environment (Ponder, 2004). As Overview of the study area: Hubei Province is located
China's traditional walnut producing area and poverty- in the center of China, at 29°05'~ 33°20' north latitude,
alleviation development zone is in Qinling and Daba 108°21'~ 116°07' East longitude. Most of the province
Mountains, the scale of intensive walnut cultivation has has a humid subtropical monsoon climate, with an annual

rapidly developed, from less than 10,000 hm? in 1996 to average temperature of 15-17°C, average precipitation of

about 170’000 hm? at present, mainly conc§ntrated in the 800-1600 mm, and annual average sunshine duration of
mountainous area of western Hubei Province (Yang et 1100-2150 h. The walnut scale in the province is about

al., 2014; Lu et al., 2016). With the rapid expansion of 170,000 hm?, with 98,000 t yield. The sampling area of
the scale of cultivation, the site selection of many walnut this study is shown in Table 1.

orchards were not scientific enough. And the backward

Table 1. Survey of sample plots.

Areas Soil profile Altitude/m Proportion of gravel Annual f&nnual sﬁ::lniz
number (>5mm) /% temperature/°C  rainfall/mm hours/h
Shiyan 63 541.31+49.57¢ 5.75+0.55d 154 833.1 1989.3
Xiangyang 39 822.10+78.54a 2.42+40.25¢ 15.3 845.6 1825.1
Suizhou 11 140.00+19.00d 10.53+1.32¢ 15.6 962.6 2082.0
Enshi 6 880.00+92.35a 29.22+1.50a 16.3 1439.4 1295.3
Yichang 11 653.73+£22.97b 2.06+0.10e 16.8 1031.0 1696.7
Jingmen 5 110.00+10.00d 22.94+1.86b 15.9 993.7 2035.5

Note: Data (means + SD, n = 4) followed by different letters in the column indicate significant differences (P< 0.05) between
treatments.

Sample collection and processing: 135 representative according to the LY/T1245-1999 method. The available S
walnut orchards were selected from 16 counties (districts) was according to the LY/T1265-1999 method, the
of the 6 main walnut production areas in Hubei Province, available Fe was according to the LY/T1262-1999
with each walnut orchard being more than 3.3 hm?. Soil method, the available Zn was according to the
samples were collected from 10 to 15 points in 5 LY/T1261-1999 method, and the available B was
directions in each walnut orchard, with a depth from 0 to according to the LY/T1258-1999 method.

40cm, and then fully mixed. 1kg of soil was taken by the
quartering method as soil samples to be tested. Refer to
Lu et al. (2016) for the soil sample treatment methods.

The data analysis: According to the results of the second
national soil census, the soil nutrient classification
standards of this study were established (Table 2). X was
Measurement indexes and methods: The determination the measured value of the soil attribute, and Xa, Xc, and
of organic matter content was according to the Xp were the classification standards of soil attributes. In
LY/T1237-1999 method, alkalescence N, available P and this study, the method of the fertility coefficient was used
available K were according to the LY/T1228-2015 to standardize the data. The formula of fertility
method, the pH value was according to the LY/T1239- coefficient was based on Su and Zhu (2012) (Table 3).
199 method, the available Ca and available Mg were
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IFI =

IFIf* — IFI%;
2
@b

Where IFI is the comprehensive soil fertility
coefficient, IFI; is the average value of the soil fertility
coefficient of each attribute, IFl, is the minimum value
of the soil fertility coefficient, and (n- 1)/n is the
modified term.

IFI=X/Xa when X<Xa;

When Xa<X<Xc, [FI=1+(X-Xa)/(Xc-Xa);
When Xc<X<Xp, [FI=2+(X-Xc)/(Xp-Xc)
When X>Xp, [FI=3

The method of Su and Zhu (2012) was used to
calculate the nutrient skew (P), and EXCEL and SASS.1
were used for multiple data comparison and nested
analysis of variance.

Table 2. Classification standard values of soil
nutrients.
Soil properties Xa Xc Xp
pH value 4.5/9 5.5/8 6.5/7
Organic matter / gkg’! 10 20 30
Alkalescence N / mg'kg™! 60 120 180
Available P / mg'kg™! 5 10 20
Available K / mgkg! 50 100 200
Available Ca/ mgkg! 300 500 700
Available Mg / mgkg! 50 100 200
Available S mgkg'! 0 16 30
Available Fe / mgkg! 2.5 4.5 10
Available Zn / mgkg! 0.3 0.5 1
Available B/ mgkg’! 0.2 0.5 1
Table 3. Classification of soil fertility.
Items Fertility level
First Second Third Fourth
Fertility
comprehensive >2.7 2.7~18 1.8~0.9 <0.9
coefficient range
Fertlhty Ve?y Fertile General  Poor
evaluation fertile
RESULTS

Distribution of soil pH, organic matter, and available
elements in walnut production areas: Fig. 1 shows the
distribution frequency of pH, organic matter and
available elements in the soil of walnut orchards in the
province. According to the y2 test of distribution
function, except for the pH wvalue, the distribution
frequency of organic matter and available elements in
walnut orchards in the province were non-normal,
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indicating that there was a large amount of human
interference in the process of site selection and soil
management. The maximum deviation degree of
available P in walnut orchard soil was 55.67%, which
because of that P is easily adsorbed and fixed in the soil
(Su and Zhu, 2012). At the same time, soil available P
content in more than 60% of orchards were low,
indicating that the application of P fertilizer will
effectively improve the overall forest fertility.

Relationships among soil pH, organic matter, and
available elements in walnut production areas: The
correlation analysis of soil pH, organic matter, and
available elements in 135 walnut orchards showed that
there were extensive correlations among soil pH, organic
matter, and available elements. And the organic matter
content was significantly correlated with all factors
except pH, available Ca, and available S (Table 4). The
results showed that increasing the soil organic matter
content had a significant effect on improving soil fertility.
In addition, there were significant correlations between
N, P, and K, as well as between medium and trace
elements, indicating that the nutrient balance should be
considered in walnut orchard fertilization to improve the
comprehensive fertility.

Comprehensive evaluation of fertility in different
walnut production areas:

Comprehensive fertility of walnut producing areas in
the whole province: The comprehensive fertility
coefficient IFI (Table 5) of walnut production areas in the
province ranged from 1.21 to 1.84, with an average of
1.52, indicating a general fertility level. The maximum
limiting factor that affected the improvement of the
comprehensive fertility coefficient was available S, and
the partial fertility coefficient was only 0.9, followed by
available P, available B, and alkalescence N. The fertility
coefficients of available Fe, available Ca, and available
Zn were 2.99, 2.93 and 2.90, respectively, which were
non-limiting factors. Therefore, in future production
management, in addition to increasing the application of
large amounts of elements N and P, the application of
medium element S and trace element B should also be
considered in order to improve soil productivity.

Soil fertility varies in different walnut production
areas: As shown in Table 5, there were extremely
significant differences in soil available P, available K and
available Mg, and significant differences in soil available
B, and the comprehensive fertility coefficient in different
walnut production areas, indicating that there was a
certain spatial specificity in soil fertility in different
walnut production areas.
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Fig. 1. Distribution of values of walnut orchard soil nutrients content.
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Table 4. Correlation coefficients between Ph value, Organic matter, and soil nutrient elements (n=135).

J. Anim. Plant Sci., 32 (6) 2022

Organic Alkalescence . . Available Available Available Available Available Available
pH value matter N Available P Available K Ca Mg S Fe 7n B
pH value 1
Organic matter 0.06188 1
Alkalescence N -0.11605 0.7928" 1
Auvailable P -0.02208 0.22744™ 0.35048™
Available K 0.25176" 0.24180™ 0.27825™ 0.69507"
Available Ca 0.79189" 0.00903 -0.17702" 0.09236 0.15855 1
Available Mg -0.04563 -0.29662" -0.19771" 0.02459 0.10051 -0.06526 1
Available S -0.01787 -0.05403 0.02595 0.50909" 0.32876" 0.07141 -0.02856 1
Available Fe -0.10263 0.46784™ 0.54495™ 0.60633" 0.50732" -0.26351" -0.03556 -0.02187 1
Auvailable Zn 0.28445™ 0.42593* 0.41786™ 0.51851™ 0.49629™ 0.13289 -0.03753 0.15958 0.52567" 1
Available B 0.24765™ 0.64267" 0.62284™ 0.42531™ 0.56843™ 0.11977 -0.14916 0.19877" 0.4371* 0.67683" 1
*means significant correlation (P<0.05), ** means extremely significant correlation (p<0.01)
Table 5. Comprehensive evaluation of soil fertility in different walnut production areas.
Organic Alkalescence Available Avallable_ Available  Available Available Available  Available Available
Areas pH value matter / N/ mo-ke! P/ moke! K/ mgkg Ca/ Mg/ S / moke'! Fe/ Zn/ B/ moke! IFI
gkg! g'kg gKg 1 mgkg! mgkg! gKg mgkg! mgkg! g'kg
. 2.2040.69  1.81+0.99 1.76£1.19  2.3840.57 3.00+0 2.68+0.50  0.87+0.68  2.94+0.22  2.88+0.33 1.48+0.85 1.57+0.47
Shiyan 1.51£0.85 a
a a A A a A a a a a a
. 2.46+0.45  1.64+0.70 1.05£0.87  2.11+0.50  2.98+0.13  2.63+0.49  0.88+0.51 3. 00+0 2.93+0.17  1.29+0.56  1.53+0.28
Xiangyang 1.46+0.62 a
a a B B a A a a a a a
Suizhou 2.29+045  1.70+0.81 1.33£0.65 a 1.20+0.96  1.32+0.70  2.86+£0.46  2.84+0.54  0.31+0.19 3.0040 a 2.7240.59  0.83%0.63 1.21+0.37
a a A C a A a a b b
Enshi 2.36+0.30  2.64+0.57 2.07£037 a 1.66+1.13 1.89+0.48  2.81+0.47 1.86£1.06  1.29+1.34 3.0040 a 2.89+0.27  1.91+0.62  1.84+0.56
a a A B a B a a a a
Yichang 2.28+0.43  2.00+0.67 1.43£0.49 a 1.57£1.14  2.07+0.33  2.91+0.32  2.43+0.69  1.02+0.78 3.0040 a 2.98+0.05 1.24+0.31 1.58+0.28
a a A AB a A a a ab a
Jingmen 246+041  2.21+0.97 1.9440.89 2 0.47+0.08 1.93+0.87 30040 a 2.9240.19  1.02+1.13 3.0040 a 2.97£0.04 1224048  1.41£0.25
a a B AB A a a ab a
Total 2.34+045  2.00£0.78 1.62+0.65 1.2940.9 1.95+0.58  2.9340.23  2.56+0.58 0.9+0.77 2.99+40.04  2.90+0.24  1.33+0.57  1.5240.37

Capital letters mean extremely significant differences among different areas (P<0.01), and lowercase letters mean significant differences among different areas (P<0.05).
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The origin of the soil fertility difference in different difference in different walnut production areas was come
walnut production areas: Based on nested variance from the difference within production areas. The
analysis of soil fertility coefficients of pH, organic differentiation coefficients of 11 factors of fertility
matter, and available elements in the six walnut among production areas ranged from 0.04% to 26.20%,
production areas, the proportion of each component to the with an average of 7.33%. The highest differentiation
total variation was calculated (Table 6). The variance coefficient was available K followed by available P, with
component within production areas accounted for 92.67% a distribution of 26.20% and 10.79%, respectively, and
of the total variation, and the variance component the lowest differentiation coefficient was effective Fe,
between production areas accounted for 7.33%. The with a differentiation coefficient of 0.04%.

results indicated that the main source of the soil fertility

Table 6. Difference of component and differentiation coefficient of soil pH, organic matter, and available elements
fertility coefficient in different walnut production areas.

Soil properties Difference portion Percentage of difference portion% Differentiation
Among areas Within areas Among areas Within areas coefficient
pH value 0.0019 0.3270 0.5757 99.4243 0.5757
Organic matter 0.0301 0.7444 3.8835 96.1165 3.8835
Alkalescence N 0.0063 0.5405 1.1599 98.8401 1.1599
Available P 0.1367 1.1304 10.7874 89.2126 10.7874
Available K 0.1106 0.3115 26.2046 73.7954 26.2046
Available Ca 0.0023 0.0375 5.7149 94.2851 5.7149
Available Mg 0.0383 0.2945 11.5035 88.4965 11.5035
Available S 0.0286 0.4581 5.8727 94.1273 5.8727
Available Fe 0.0000 0.0241 0.0424 99.9576 0.0424
Available Zn 0.0006 0.0916 0.6068 99.3932 0.6068
Available B 0.0406 0.5012 7.4922 92.5078 7.4922
Means 0.0394 0.4134 7.3268 92.6732 7.3268
DISCUSSION deficiency is for roots to distribute more carbohydrates
thus increasing the root-shoot ratio in order to improve
Available P content of Walnut orchards in Hubei the ability of plants to obtain more soil phosphorus.
Province: Studies showed that available P in walnut However, this will reduce the above ground parts of the
orchard soil of Hubei Province was the soil element with plant and reduce photosynthesis and assimilation
the largest skew degree (Fig. 1) and one of the important production. Such a case will not only affect the
limiting factors of walnut soil fertility, and the coefficient production of the plant but will also inhibit its root
of differentiation was large in different regions, which growth (Yuan et al., 2011). In view of the rich content of
was similar to the research results of soil nutrients in solid P in Hubei Province walnut orchard soils, measures
agricultural areas of Hubei Province (George ef al., should.be taken to promote the release of availgble P in
2015). Hubei Province is not only one of the most the soil. For example, Li ef al., (2020) believe that
abundant phosphate rock provinces in our country, and phosphorus solubilizing bacteria have a significant effect
the content of phosphate rock in the nation (Chi er al., ~ ©n the effective release of solid P in the soil and
2005), but due to the presence of large amounts of active promoting the growth of walnuts.
aluminum in acidic soil and iron ions (Fig. 1), which may Comprehensive fertility of Walnut orchards in Hubei
resultlr}g phosphorus alumln.um.phosphate. precipitation Province: The comprehensive fertility coefficient IFI of
formation, when P was applied into the soil. And in the walnut production areas in Hubei Province ranged from
alkaline 5011,. calcium ion also _may resulting calcium 1.21 to 1.84, with an average of 1.52, which was the
phosphate (Nl.ng et al., 2012; Jaisi et al., 201.4). So, the general fertility level (Table 5), and the fertility
content.of available phosphorus decreased, Whl(fh may be coefficients of effective N, effective P, effective S, and
the main reason for the lack of phosphorus in walnut effective B were all low. In view of the organic matter
orchards soil in Hubei Province. ] content and that a variety of nutrition elements are related
Phosphorus is one of the most important (Table 4), the soil organic matter can not only enhance
elements affecting the yield of oil seed crops such as the elements of vegetation influence on effective soil
walnut and rape (Yu ez al., 2011; Gou et al., 2020). The transformation, but can also increase the soil
typical reaction of plant roots suffering from phosphorus microorganism quantity, activity, and microbial diversity,
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thus improving soil physical and chemical properties,
increasing soil permeability, water resistance, and the
activity of soil microorganisms. At the same time, it can
also reduce the effects of toxic substances such as heavy
metals (Marinari et al., 2007). Therefore, increasing the
soil organic matter content is an important measure to
improve comprehensive fertility of walnut orchards.
Studies have shown that no-tillage and grass planting in
orchards can effectively improve the organic carbon
content of orchards, the contents of available nitrogen,
phosphorus, and potassium and also increase them to
varying degrees (Zhang et al., 2019; Bousfield et al.,
2020; Appelhans et al., 2021; Wang et al., 2021; Zhang
et al., 2021). In conclusion, in order to improve the soil
organic matter content, in addition to increasing the
application amount of organic fertilizer, and in order to
manage walnut orchard soil in the future, it is suggested
to promote walnut orchard no-tillage or orchard grass.

Conclusions: The distribution frequencies of organic
matter and available elements in walnut orchards in
Hubei Province were non-normal, and available P was
the most skewed with 55.67%. There were correlations
among soil pH, organic matter, and available elements,
among that soil organic matter content was significantly
or extremely significantly correlated with other factors
except pH, available Ca, and available S. The
comprehensive soil fertility coefficient of walnut
orchards in the province ranged from 1.21 to 1.84, with
an average of 1.52, which was the general fertility level.
The maximum limiting factor of soil fertility was
available S, followed by available N and available P.
There were L. ELsignificant differences in
comprehensive soil fertility among different walnut
production areas. 92.67% of the differences came from
within the production areas, as well as7.33% from
between production areas. The higher differentiation
coefficient were available K and available P, with
differentiation coefficients of 26.20% and 10.79%,
respectively.

In conclusion, the contents of alkalescence N
and available P are among a large number of factors
affecting soil fertility in walnut producing areas of Hubei
Province, and the skew amount and differentiation
coefficient of phosphorus are large. In view of the
significant positive correlation between organic matter
content and most soil elements, and in order to improve
the comprehensive soil fertility, it is suggested that soil
management should focus on increasing soil organic
matter, and paying attention to the application of
phosphorus fertilizer to improve the availability of
phosphorus.

Funding Statement: This work was supported by the
Science and technology project of Hubei Academy of
Forestry (2021YJJ07, Study on key technology of
improving quality and efficiency of Walnut forest), the

1688

J. Anim. Plant Sci., 32 (6) 2022

Joint Open Project Fund project by Hubei Key
Laboratory of Economic Forest Germplasm Improvement
and Comprehensive Utilization of Resources and Hubei
Collaborative Innovation Center of Dabie Mountain
Characteristic Resources Development (202019604,
Mechanism of arbuscular mycorrhizal fungi promoting
phosphorus uptake in Walnut), the Science and
Technology Planning Project of Shannan Science and
Technology Bureau of Tibet (2021Z221008).

Conflicts of Interest: The authors declare that they have
no conflicts of interest to report regarding the present
study.

REFERENCES

Appelhans, S. C., L. E. Novelli, R. Melchiori, F. Boem
and O. P. Caviglia (2021). Crop sequence and p
fertilization effects on soil p fractions under no-
tillage. Nutrient Cycling in Agroecosystems,
120: 275-288.

Asma, B. M. (2012). Pomological and phenological
characterization of promising walnut (Juglans
regia L.) genotypes from Malatya, Turkey. Acta
scientiarum Polonorum. Hortorum cultus, 11(4):
169-178.

Bousfield, S. W., N. Favaretto, A. Motta, G. Barth, L. S.
Celante V and F. Cherobim (2020).
Environmental soil phosphorus threshold under
no-tillage and swine manure application.
Brazilian Archives Bio. Tech, 63: 104760.

Chi, Z., H. Tian, J. Liu, S. Wang, M. Liu, S. Pan and X.
Shi (2005). Pools and distributions of soil
phosphorus in china. Global Biogeochemical
Cycles, 19(1): GB1020.

Cosmulescu, S., I. Trandafir, V. Nour (2014). Seasonal
variation of the main individual phenolics and
juglone in walnut (Juglans regia) leaves.
Pharmaceutical Biology, 52(5): 575-580.

Culumber, C. M., J. R. Reeve, B. L. Black, C. V. Ransom
and D. G. Alston (2019). Organic orchard floor
management impact on soil quality indicators:
nutrient fluxes, microbial biomass and activity.
Nutrient Cycling in Agroecosystems, 115(3):
101-115.

Fang, W., Q. Chen, Y. Du, C. Han, M. Fu, H. Jiang and
X. Chen (2019). Effects of hulling methods on
the odor, taste, nutritional compounds, and

antioxidant  activity = of  walnut  fruit.
Lebensmittel-Wissenschaft ~ und-Technologie,
120: 108938.

Fang, W., Y. Li, D. Sun, Q. Chen, M. Fu, H. Zhao, X.
Chen, Y. Huang and H. Xu (2021). Odor, tastes,
nutritional compounds and antioxidant activity
of fresh-eating walnut during ripening. Scientia
Horticulturae, 293: 110744.



Lietal,

Gauthier, M. M., D. F. Jacobs (2011). Walnut (Juglans
spp.)  ecophysiology in  response  to
environmental stresses and potential acclimation
to climate change. Annals of Forest Science,
68(8): 1277-1290.

George, E., S. Kircher, P. Schwarz, A. Tesar and B. Seith
(2015). Effect of varied soil nitrogen supply on
growth and nutrient uptake of young Norway
spruce plants grown in a shaded environment. J.
Plant Nutrition and Soil Science, 162(3): 301-
307.

Gharibzahedi, S., S. M. Mousavi, M. Hamedi and F.
Khodaiyan  (2014). Determination  and
characterization =~ of  kernel  biochemical
composition and functional compounds of
persian walnut oil. J. Food Science Technology,
51(1): 34-42.

Gou, X., Y. Cai, C. Wang, B. Li, Y. Zhang, X. Tang, J.
Shen, and Z. Cai (2020). Effects of different
long-term cropping systems on phosphorus
adsorption and desorption characteristics in red
soils. J. soil sediments, 20(3): 1371-1382.

Jaisi, D. P., R. E. Blake, Y. Liang and S. J. Chang (2014).
Investigation of compound-specific organic-
inorganic phosphorus transformation using
stable isotope ratios in phosphate. Applied
Manure and Nutrient Chemistry for Sustainable
Agriculture and  Environment  (Springer
Netherlands), 13: 267-292.

Leslie, C. A, S. L. Walawage, S. L. Uratsu, G.
Mcgranahan and A. M. Dandekar (2015).
Walnut  (juglans). Methods in Molecular
Biology, 344(344): 297.

Li, H., Q. Bi, K. Yang, S. B. Lasson, B. Zheng, L. Cui,
Y. Zhu and K. Ding (2020). High starter
phosphorus  fertilization  facilitates  soil
phosphorus turnover by promoting microbial
functional interaction in an arable soil. J.
Environmental Sciences, 94: 179-185.

Lu, Y., Z. Chen, T. Kang, X. Zhang, J. Bellarby and J.
Zhou (2016). Land-use changes from arable
crop to kiwi-orchard increased nutrient surpluses
and accumulation in soils. Agriculture
Ecosystems Environment, 223: 270-277.

Milatovi, D., D.Nikoli, S. Jankovi, D. Jankovi and J.
Stankovi (2020). Morphological characteristics
of male reproductive organs in some walnut
(Juglans regia L.) genotypes. Scientia
Horticulturae, 272: 109587.

Ma, H., Y. Zhang, F. Wei, S. Hao and Y. Yao (2019).
Alfalfa powder affects soil nutrient and walnut
dry matter accumulation under drought.
Agronomy J., 111: 2853-2863.

Marinari, S., G. Masciandaro, B. Ceccanti and S. Grego
(2007). Evolution of soil organic matter changes
using pyrolysis and metabolic indices: a

1689

J. Anim. Plant Sci., 32 (6) 2022

comparison between organic and mineral

fertilization. Bioresour Technol, 98(13): 2495-

2502.

J., D. Morgan, T. J. Michailides (2019).

Management of botryosphaeria canker and

blight diseases of temperate zone nut crops.

Crop Protection, 126: 104927.

Ning, C., X. Chen, Z. Cui and F. Zhang (2012). Change
in soil available phosphorus in relation to the
phosphorus budget in china. Nutrient Cycling in
Agroecosystems, 94: 161-170.

Ozdemir, S., S. Ozdemir, K. Yetilmezsoy (2019). Agro-
economic and ecological assessment of poultry
abattoir sludge as bio-nutrient source for walnut
plantation in low-fertility soil. Environmental
Progress Sustainable Energy, 38(6): 13225.

Ponder F. J. (2004). Soils and nutrition management for
black walnuts. In: Michler, C.H.; Pijut, P.M.;
Van Sambeek, J.W.; Coggeshall, M.V.; Seifert,
J.; Woeste, K.; Overton, R.; Ponder, F., Jr., eds.
Proceedings of the 6th Walnut Council Research
Symposium; Gen. Tech. Rep. NC-243. St. Paul,
MN: U.S. Department of Agriculture, Forest
Service, North Central Research Station, 71-76.

Qiao, X., Y. Gao, L. Xiao, X. Lyu and J. Lei (2020).
Intercropping wheat between walnut trees
reduced yield and improved quality. Agronomy
J., 113: 1058-1070.

Rosati, A., S. G. Metcalf, R. P. Buchner, A. E. Fulton and
A. B. D. Lampinen (2006). Physiological effects
of kaolin applications in well-irrigated and
water-stressed walnut and almond trees. Annals
of botany, 98(1): 267.

Su, H., and C. Zhu (2012). Application of entropy weight
coefficient method in evaluation of soil fertility.
Lecture Notes in Electrical Engineering, 126:

Moral,

697-703.
Wang, Y., Q. Huang, H. Gao, R. Zhang and G. Li (2021).
Long-term  cover crops improved  soil

phosphorus availability in a rain-fed apple
orchard. Chemosphere, 275: 130093.

Wu, G. L., Q. L. Liu, X. B. Zheng, Y. Q. Song, Z. H. Jian
and G. B. Peng (2009). Advances in research on
the worldwide walnut germplasm. J. Fruit Sci.,
26(4): 539-545.

Yang, J., Z. Luo, X. Deng and Z. Fei (2014). Preliminary
study of disease and pest investigation and
control of walnut in northwest hubei. Hubei
Forestry Science and Technology, 43: 32-34. (in
Chines).

Yu, X., X. Liu, T. H. Zhu, G. H. Liu and C. Mao (2011).
Isolation and characterization of phosphate-
solubilizing bacteria from walnut and their effect
on growth and phosphorus mobilization.
Biology Fertility of Soils, 47(4): 437-446.



Li et al., J. Anim. Plant Sci., 32 (6) 2022

Yuan, Z. Y., H. Chen, P. B. Reich (2011). Global-scale environmental risk in china. J. Environmental
latitudinal patterns of plant fine-root nitrogen Quality, 48(5): 1167-1175.
and phosphorus. Nature Communications, 2(1): Zhang, Y., R. C. Dalal, R. Bhattacharyya, G. Meyer and
344. P. M. Kopittke (2021). Effect of long-term no-
Zhang, W., X. Tang, X. Feng, E. Wang and F. Zhang tillage and nitrogen fertilization on phosphorus
(2019). Management strategies to optimize soil distribution in bulk soil and aggregates of a
phosphorus utilization and alleviate vertisol. Soil and Tillage Research, 205: 104760.

1690



