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Effects of fertilization patterns on nutrient contents of soil
aggregates and fruit quality in walnut orchards

Sun Linna"?, Zhai Meizhi*
(1.Luoyun Water Management Division, Sugian, Jiangsu 223800, China;
2.College of Forestry, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: [ Objective] The optimal fertilization strategy for improving walnut fruit yield, quality and soil fertility
was investigated in order to provide a theoretical basis and technical support for scientific and rational fertilization in
walnut orchards and to promote the sustainable development of the walnut industry. [Methods] ‘Xiangling’
walnut was used as the test material, and five fertilization treatments were established: @ no fertilization (CK) ,
@ chemical fertilizer alone (T,), 3 chemical fertilizer combined with organic fertilizer (T,) , @ chemical
fertilizer combined with biofertilizer (T;) , and @ chemical fertilizer combined with organic fertilizer and
biofertilizer (T,). Walnut yield, fruit quality, and the nutrient distribution in soil aggregates of different particle

sizes were determined to analyze the effects of fertilization on fruit quality and soil nutrients, and to explore their
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correlations. [ Results ] Fertilization significantly increased nutrient contents in soil aggregates of different particle
sizes, especially in the 1—0.25 mm aggregates, where both total and available nutrient contents were the highest.
Except for available phosphorus and total phosphorus, the contents of soil organic matter, total nitrogen, total
potassium, available potassium, nitrate nitrogen, and ammonium nitrogen under T, were significantly higher than
those under CK, T,, T,, and T, across all particle sizes. All fertilization patterns improved the mean of three
diameters, single-fruit weight, kernel weight, kernel yield rate, oil content, walnut yield, total amino acids,
protein, fatty acids, and various nutrient element contents. T, significantly improved four fruit quality indicators:
@ the mean of three diameters reached 37.69 mm and the single-fruit dry weight reached 13.46 g, representing a
30% increase compared with CK. @ Kernel weight reached 7.59 g, 1.45 times that of CK. @ Shell thickness was
the lowest at 1.30 mm, 22% lower than CK. @ Kernel yield rate increased by 9% compared with CK, and the
yield was 6.5 times of that of CK. Fruit nutritional quality and yield were positively correlated with total and
available nutrients in soil aggregates of different particle sizes, and significant positive correlations were also
observed among the mean of three diameters, dry weight, kernel weight, oil content, and fatty acid content.
[ Conclusion] The combined application of chemical fertilizer, organic fertilizer and biofertilizer (T,) can

significantly improve soil aggregate nutrient status, thereby enhancing walnut fruit yield and quality, and providing

an effective fertilization model for walnut orchard management.
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indicators of walnut
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Fig.1 Changes in major total nutrient contents of soil aggregates under different fertilization treatments

22 KHHBEMARKEIFEZERIFTISEN M

i & 2 7T T 3 B T T A& R AR T AT R
g A A (NOs -ND 8 A A (NHY -ND A 2008
CAP) F #8080 (CAKD & &, 2 30 B 8 19 k0 42 43 A
A

NO;s -N 7t i i JE 58 B2 AR S i (CK<<T,<<T,
<Ty<<Tp, T AbHE SRR & B d s, 1~0.25 mm
Wi Ae R R, R £E <C0.053 mm ki AR, T, 475 ik
FPETF CKo NHa ' -N 7 &R A% Hh 2 [ it A 558 4 38 34

WA R EM S BAKN T, 402 CK, T,,T,, T,
1 4.08,2.22,1.32, 1.17 4% . IrA4FEH TN & &1
FE K42 <C0.053 mm [ B Z6 1 P 2R A o AH X 4 AIG L 3L
L CKAY TN & m 5efik, 7 0.49 g/kg, 5 T AN EE T 1)
MR REAM L, TNEG BT 75.7% . TP & &4
T Ab PR 1~0.25 mm $i 42 H i 95 (0.78 g/kg) , T, HE
FrA R TP & ¥ M F CK, Tof Ty, 1~0.25 mm
RAR IR 0.62 g/kg, B H AR AR = 700~22% . TK
FE T AR FEF Y 1~0.25 mm 48 H i i (28.77 g/kg)
HJ CK i 11945, 7R F T, 1 T, SOM J7 1 , T, 4b
PR AR AR A R (11.52~11.71 g/kg) , Moo
1~0.25 mm i 48 F 0 CK Y 4.72 4% 5<20.053 mm
R TR R A

1.0 b LBEABEE
Te
kv
&
i
4t
=
Nl
g
H
>5 5~2 2~1 1~0.25 0.25~0.053 <<0.053
[ 5 42 $L Z/mm
14 ¢ d LR AR A=
N a a a
£ o127 b
o 10F
B oogl
K
= 6F
=
g o
B,
+H
0
>5 5~2 2~1 1~0.25 0.25~0.053 <0.053
[ T A4 RL 2 /mm
B T, T [

T ALFE R 1~0.25 mm B 42 5 5 & (6.44 mg/kg) ,
A ) 22 S G, 3 W AR B 5 T AT SR R X NHL T -N
(= ERE 1. APAE T AR B & B dei, Jo HAe 1~
0.25 mm F10.25~0.053 mm ki i P AL # I i . 4k e
) AP 23 A #a34h - 1~0.25 mm ki f2 =>2~1 mm Rz
=>0.25~0.053 mm 4% >2~5 mm ki F2 > (5 mm)
RiFE > (<20.053 mmOKIAR . AK F i B it T2 38 B AR IR
BT, >T,>T,> T,>CK), T A HEFE 1~0.25 mm
A TP R (247.33 mg/kg) , B T HoAb AL 3



154 b IS EEE 546 4
Too Too
-~ ]
o %
) g
] ]
< 4
® ®
) .
T #
>5 5~2 2~1 1~0.25 0.25~0.053 <0.053 >5 5~2 2~1 1~0.25 0.25~0.053 <0.053
1 % {4 i Z2/mm [ 58 44 kL 2/mm
60 c LHBABALE 3001 d LR #TAF
N e 250} 2 a a
-~ ]
o 2 200 F
) g
3 w150t
b KL
§§ %; 100 -
) 2 sol
0
=5 5~2 2~1 1~0.25 0.25~0.053 <0.053 25 5~2 2~1 1~0.25 0.25~0.053 <<0.053
[ 38 44 hi Z/mm 1 B8 44 i 2 /mm
43 [ CK I T, B T, T, B T,

2 KEEREMNARGFEEERNFTSENFMN

Fig.2 Effects of long-term fertilization on major available nutrient contents of soil aggregates
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Table 3 Effects of combined fertilization on economic traits of walnut fruit
b =A2¥{H/mm HORTHE/g " /g F¢J5/mm E/ %
CK 34.8640.45" 10.63+0.85° 5.2540.58" 1.58=+0.18" 44.65+0.05
T, 35.104+0.78" 11.584+0.99" 6.09+0.31" 1.50=0.09° 48.71+0.09°
T, 35.6940.15" 12.0741.01° 6.61+0.89" 1.3440.10° 52.0440.11°
T, 35.7340.84" 12.89+0.94° 7.15+0.76® 1.314+0.13 52.48+0.12"
T, 37.69+0.24° 13.46+0.92° 7.5940.86" 1.2940.09 53.6540.78"
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Fig.3 Walnut yield under different fertilization

treatments in 2020 and 2022
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Table 4 Effects of different fertilization treatments on walnut oil content and fatty acid composition

JUEL BN/ REMEBR/ Y RBERRER/ 20 IR/ WMER/ %0 WIRRER/ Y RNEAMIRWIRR/ Y EEB/%
CK 65.81° 6.59" 2.63" 17.52° 63.43° 7.82° 91.14° 16.16"
T, 67.36" 6.64° 2.89 18.58" 60.05* 8.84° 91.86" 16.99*
T, 67.56" 6.53" 2.91 18.04" 63.28° 8.88" 92.11" 17.18"
T, 67.71° 6.89° 2.93" 19.68° 61.80" 8.97° 92.43 17.19°
T, 68.59" 6.91° 3.01° 21.52" 61.24° 8.78" 93.47° 17.35°

x5 BEEEMZCIZEBRNT M
Table 5 Effects of combined fertilization on amino
acid contents in walnut kernels

AW b
/% CK T, T, T, T,

KA (Asp)  1.74° 183 1.86° 1.86" 1.95
IRz 2 (Thr) 0.63* 0.69" 0.70" 0.76"  0.77°
22 5 W2 (Ser) 0.90°  0.91°  0.91° 094> 0.97°
A2 (Glu) 3.28 340"  3.39"° 341"  3.55°
Jifi Z B2 (Pro) 1.28"  1.35° 1.37°  1.41" 145
HZAmR(Gly) 0.79°  0.85" 0.86" 0.84" 0.9

WA (Ala) 0.70c 078" 0.79"  0.83  0.85°
BEE R (Cys) 0.21*  0.20° 0.21* 0.21° 0.22°
M5B (Val) 0.73" 072" 0.77*  0.77*  0.78"
FEAE M (Met) 0.19°  0.21* 0.2° 0.19°  0.21°
S5 @ R (Tle) 0.58" 056" 0.58" 0.61* 0.62°
SEEMR (Leu) 1.29°  1.29°  1.30° 1.35°  1.36°
i 24 12 (Tyr) 0.50°  0.53* 0.51" 0.50° 0.53"
KN M (Phe) 080" 081"  0.87°  0.89"  0.90°
242 (Lys) 0.47° 047"  0.46" 048 048
20 2% (His) 0.40°  0.42° 043 043 045
HE &R (Arg) 258  2.73" 271" 275" 2.90°
M (Sum) 17.07°  17.75" 17.92" 18.23" 18.89°
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Fig.4 Mineral element contents in walnut kernels
under different fertilization treatments
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Fig.7 Correlation analysis of kernel amino acids with available and total nutrients in soil aggregates
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