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Effects of different types of organic fertilizers on soil, growth and fruiting

characteristics, and nut quality in walnut orchards

XU Yongjie"?, JIANG Dezhi"?, LI Li*, WANG Ruiwen"*, WANG Daiquan*, WANG Xiaofei', WANG
Qizhu*

('Hubei Academy of Forestry/Woody Grain and Oil Forest Engineering Technology Research Center of Hubei Province, Wuhan 430079,

Hubei, China; *Hubei Key Laboratory of Germplasm Innovation and Utilization of Fruit Trees, Wuhan 430079, Hubei, China; *Chinese
Society of Forestry, Beijing 100091, China; *Center for Walnut Technology of Baokang County, Xiangyang 441600, Hubei, China)

Abstract: [Objective] The study aimed to explore the effects of different organic fertilizers on the physi-
cal and chemical properties of the soil, tree growth, fruiting characteristics, and nut quality in a walnut
orchard. [Methods] A randomized block experimental design with a single factor was used to study 13-
year-old Chulinbaokui walnut forests. Five organic fertilizers-plant-based Songta (ST), animal-based pig
manure (ZF) and cow manure (NF), organic-inorganic compound fertilizer (HZ), and a combination of
potassium humate and biological bacteria (FJ) were applied at consistent nitrogen levels over two years.
Soil samples from 0-20 cm and >20-40 cm soil layers were collected and analyzed for physicochemi-
cal properties, alongside the assessment of tree growth and fruiting traits. EXCEL and SAS 8.1 soft-
wares were used for data statistics, with analysis of variance to compare significant effects of the five fer-
tilizers. Oringin2021 was used for principal component analysis to average the effects of the fertilizers.
[Results] @ All the five organic fertilizer treatments improved the soil conditions in the walnut or-

chards. The soil porosity in the >20-40 cm soil layer, the available sulfur content in the 0-40 cm soil
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layer, and the available potassium content in the 0—-20 cm soil layer were significantly increased in the
five treatments (p<<0.05, the same below). @ Different organic fertilizers exhibited varying effects on
soil improvement. Among that, the soil bulk density from 0 to 20 cm was significantly reduced, but soil
pH value and hydrolytic nitrogen content significantly increased in ST, NF, ZF, and HZ treatments. The
organic matter content and available phosphorus content in the >20-40 cm soil layer were significantly
increased in ST, NF, and HZ treatments, with ZF treatment showing a significant increase in available
phosphorus content in the same layer. The available potassium content in the >20-40 cm soil layer was
significantly increased in NF, ST, HZ, and FJ treatments. (3 The thickening growth of the annual branch-
es was significantly promoted in all the five treatments. The trunk ground diameter growth was signifi-
cantly promoted by HZ, NF, and ZF treatments, with a 46.67% increase in HZ treatment compared to the
control. In addition, the elongation growth of annual branches was significantly promoted by ZF, NF,
and ST treatments. @) The dynamics of walnut fruit setting were impacted by organic fertilizer treat-
ments after thirty days of flowering. One hundred and twenty days after flowering, the fruit setting rates
in the four treatments excluding FJ were significantly higher than the control, with HZ treatment achiev-
ing the highest fruit setting rate of 88.19%. ® Different organic fertilizers had varying effects on nut
weight, oil content, and fatty acid composition. Among them, the HZ treatment increased the weight of
nuts by 8.90% and kernel oil content by 0.44%; the ST treatment significantly increased the proportion
of saturated fatty acids in walnut kernels, and the NF and ZF treatments significantly increased the pro-
portion of unsaturated fatty acids in walnut kernels. However, the FJ treatment had little effect on the fat-
ty acid content, but significantly reduced the vitamin E content in walnut kernels. ® Principal compo-
nent analysis showed that the cumulative contribution rate of the four principal components was
95.05%, which reflects the fertilization effect of each treatment. Coordinate analysis using Prinl and
Prin2 showed that HZ and NF treatments had similar fertilization effects, whereas the ST treatment
showed significant differences compared to other treatments. A comprehensive evaluation model was
constructed using four principal component eigenvalues and contribution rates for scoring and sorting.
The result showed that the HZ treatment, with organic matter content of 24.00%, available ingredients N
6.46%, P,0Os 4.16%, K,O 6.00%, and S 3.79%, had the highest overall score (40.94). [Conclusion] The
effects of different fertilizer types on walnut orchards varied. Considering soil factors, tree growth, and
fruiting characteristics comprehensively, organic-inorganic compound fertilizers are recommended.

Key words: Walnuts; Organic fertilizer; Soil physical and chemical properties; Bearing characteristics;
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Table 1 Physical and chemical properties of the soil in the walnut orchard before the fertilization

taAE bhL - wCHHLED wOK D wCH X wCH R wCH 2D
+EIRE Soil bulk LB pH Organic Hydrolyzable Available Available Available
Soil depth/cm  density/ Soil total Balue matter content/ nitrogen content/  phosphorus potassium content/ sulfur content/
(g-em™) porosity/% (g-kg" (mg- kg™ content/(mg-kg")  (mg-kg") (mg-kg"
0~20 1.50 40.96 5.76 36.0 229.0 76.5 448.0 86.6
>20~40 1.64 31.30 7.08 20.0 137.0 49.1 133.0 29.5
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P05 0.22%,K.0 0.51%, B 2% S 0.27% 1, @4 %%
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0.23% 1, @HHLLHL R IRAE (HZ) [pH1E 6.5, A HLJ
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The different small letters indicate significant differences among different treatments in the same soil layer (p<<0.05). The same below.
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Fig. 1 The effect of different organic fertilizer types on the soil bulk density (A) and total porosity (B) in the walnut orchard
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Fig.2 The effect of different organic fertilizer types on soil pH value (A), content of organic matter (B), hydrolyzable

nitrogen (C), available potassium (D), available potassium (E) and available sulfur (F) in the walnut orchard
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&2 TREIBHESZRHEE KA
Table 2 Effects of different types of organic fertilizers on

walnut tree growth

AHEHE WK

) VIRARCKEE VAR TR R
Organic Ground
. . Annual branch  Annual branch
fertilizer diameter
length/cm base roughness/mm
types growth/cm
ST 28.21+5.71ab  55.53£1.21b  15.94+0.69 c
NF 32.55+7.40 a 55.09+1.19b  16.02+0.68 ¢
ZF 34.51+5.48 a 58.01£2.41b 17.45+0.38 b
HZ 35.03+5.33 a 65.97+0.55a  18.47+0.15a
FJ 30.00+7.69 ab  44.57£3.81 ¢ 14.27+0.05d
CK 23.89+5.96 b 30.76+4.51d  13.30+0.38 ¢

T ANFRVNG RS RIS AR 935 2253 (p<<0.05). R,
Note: Different small letters indicate significant differences in the

same column (p<<0.05). The same below.
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Fig.3 The effect of different organic fertilizer types on the dynamics of walnut fruiting rate
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8.90%. SXtIEM EL, HZ Ab B R Ak A & il R B 3%
PETt 7 0.44%, ST AL ERAFAZ BR A MO A0 IR 7 1R o LU 2
E-TE T 1.67% , ZF b BRAFRZ A=A LA NG 7 1R o5
U2 HE T T 1.09% , ST AL EEATE i 5 R w0-6/00-3 XS
MR Z T T 19.87%(p<<0.05) , 5 #23r vh [H J= R g
7 R 2 2 5\ B L A (4~6) - 1™, T B4k FI b 3 5 5

*3 TRIBHEZEERE AN

Table 3 Effects of different types of organic fertilizers on the quality of walnut nuts

ﬁ*ﬂﬁﬁﬂlﬁé R 5L B TR . HA= TZ{:/E?‘JFHZAE ’E@fﬂﬂ‘éﬁﬁ?ﬁ?ﬁﬁtt M’g%ﬂﬂ‘éﬂﬁﬁé.ﬁt& w(é’@i% E)
Fertilizer Nut mass/g Shell Thick- Kernel Kernel oil Ratio of saturated  Ratio of uns?tur ®-6/®-3 Vitamin E cc?ln—
types ness/mm percent/% content/% fatty acids/% ated fatty acids% tent/(mg-kg™)
ST 15.60£0.20 cd 1.18+0.04a 50.54+0.48 a 55.20+0.28 ¢~ 13.95+0.13 a 86.05+0.13 ¢ 3.51+0.08 a 45.29+0.25a
NF 16.09+£0.60 bc  1.20+0.04 a  50.53+0.44a 58.32+0.22a  13.09+0.12d 86.91+0.12 b 2.7940.05 ¢ 45.00+0.21 a
ZF 16.51+£0.12 ab 1.1840.04a 50.49+0.55a 61.28+0.12b  12.78+0.06 ¢ 87.22+0.06 a 2.60+0.03d 44.29+0.75 a
HZ 16.75£0.27a  1.1940.03a 50.83+0.31a 64.56+0.35a  13.19+0.12 cd 86.814+0.12 be 2.7440.03 ¢ 44.55+0.26 a
FJ 15.34+031d 1.16+0.02a 50.51+0.41a 64.36+0.19b  13.33+0.18 ¢ 86.67+0.18 ¢ 2.90+0.04 d 41.87+0.60 b
CK 15.3840.26d  1.18+0.04a 50.65+0.77a 64.27+0.08b  13.72+0.13 b 86.28+0.13 d 2.93+0.02b 44.74+0.71 a
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Fig. 4 Principal component load distribution of fertilization effects of different types of organic fertilizers
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Table 4 Principal component analysis and comprehensive

scores of organic fertilizer types

Yo gL L
% ftment PCl1 PC2 PC3 PC4 éj;;;;rfejfiensive szl%k
score
ST 17.27 12.54 558 3.65  39.04 4
ZF 18.41 1231 537 3.53 39.63 3
NF 18.27 12,67 553 3.47  39.94 2
HZ 19.44 1283  5.05 3.61 40.94 1
FJ 16.02 11.69 528 3.51 36.50 5
CK 13.14 12,18 537 3.23 3391 6

BT, Hok & NFZF AbFR, 2254595 43 51 9 39.94 Al
39.63, 1M FJ A1 ST b F A S 5,
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