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Abstract: [Objective] Both soil conditioner and irrigation play important roles in the growth of fruit
trees. However, so far, there are few studies on the interaction between soil conditioner and irrigation,
and the interaction between them on the growth of apple tree is not clear. The objective of this study
was to investigate the effects of soil conditioner and irrigation and their interaction on soil chemical
properties and the growth of apple trees in acidified orchards. [Methods]A field experiment with differ-
ent types of soil conditioners and irrigation methods was carried out in the study in two years. The ex-
periment consisted of three soil conditioner treatments, including no soil conditioner (CK), chemical
soil conditioner (ZD) and organic fertilizer conditioner (BOM), in combination with two irrigation meth-
ods including flood irrigation (FD) and drip irrigation (DI). A split-plot design, with the type of soil con-
ditioner as the main plot and the irrigation method as subplot, was used to study their interaction effects

on the yield, fruit quality, mineral element content and soil nutrient element content. Nine similar fruit
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trees were selected as a plot, and each treatment had three replicates. The test data were processed by
Microsoft Excel 2010 software, and SAS 8.2 software was used for two factor difference significance
analysis (p < 0.05) and interaction effect analysis; the data were plotted by SigmaPlot 12.5 software.
[Results] Both the soil conditioners and irrigation methods could affect the yield, while there was a sig-
nificant positive interaction between them. The apple yields in ZD and BOM treatments were signifi-
cantly increased by 4.9%-22.1% compared with CK, and the yield in DI treatment was 3.7%-3.8% high-
er than FI treatment. The single fruit weight in BOM treatment was the highest, which significantly in-
creased by 5.2%-9.4% compared with the other treatments in two years. In 2015 and 2016, the yield
and single fruit weight DI increased significantly compared with those in FI. Different soil conditioners
and irrigation methods had significant effects on the contents of soluble solids and vitamin C and solid
to acid ratio in the fruit, and there was significant interaction between soluble solids and solid to acid ra-
tio. Compared with CK and ZD treatments, BOM treatment significantly increased soluble solid by
5.1%-10.7% and solid to acid ratio by 11.9%-15.5%. The soluble solid content, Vc content and solid to
acid ratio in the fruit in DI treatment were significantly higher than in FI treatment. There were signifi-
cant positive interactions between soil conditioners and irrigation methods on the total nitrogen and to-
tal potassium contents in leaves and fruit. The total nitrogen content inf leaves in ZD treatment was
34.7% and 12.2% higher than CK and BOM treatment, respectively. The total calcium content in ZD
treatment was 22.1% and 19.0% higher than CK and BOM treatment, respectively. BOM treatment in-
creased the total potassium in leaves by 9.4%-11.5% compared with CK and ZD treatments. Compared
with CK treatment, BOM and ZD treatment increased total nitrogen content in fruit by 8.4% and 9.5%,
respectively, and increased total potassium content in fruit by 12.7% and 15.7%, respectively. The total
nitrogen, total potassium, and total magnesium of fruit in DI treatment were increased significantly by
6.7%, 5.1%, and 4.2% compared to FI treatment, respectively. The soil pH with soil conditioners was in-
creased by 6.7%-10.0% compared with CK, and the soil pH in drip irrigation was higher than that in
flood irrigation. There were also significant interactions between soil conditioners and irrigation meth-
ods on soil pH. The BOM treatment increased available nitrogen and available potassium by 15.9% and
7.3% respectively compared with CK. DI treatment increased them by 8.8% and 8.1%, respectively,
compared with FI treatment. In 2016, compared with CK-FI and CK-DI, BOM-DI increased soil pH, or-
ganic matter, alkali hydrolyzable nitrogen and cation exchange capacity by 8.3%-9.2%, 12.2%-14.3%,
16.1%-27.7% and 16.5%-35.4%, respectively. Compared with ZD-DI treatment, BOM-DI treatment in-
creased the organic matter content by 9.3%. There were also significant interactions between soil condi-
tioners and irrigation methods on soil exchangeable calcium and cation exchange capacity. It was found
that apple yield was significantly positively correlated with soil pH, alkali hydrolyzable nitrogen, and
exchangeable calcium and magnesium (p < 0.01), and with cation exchange capacity (p < 0.05). The sol-
uble solid content in fruit was positively correlated with soil pH, available phosphorus and exchange-
able calcium (p < 0.05), and with soil organic matter, available nitrogen, available potassium and cation
exchange capacity (p < 0.01). [Conclusion]Soil conditioner and drip irrigation significantly increased
soil pH, and there was a significant positive interaction between them. Organic fertilizer conditioner sig-
nificantly increased the content of alkali hydrolyzable nitrogen and available potassium in soil, and had
significant interaction with irrigation methods on cation exchange capacity. Both soil conditioner and
drip irrigation significantly improved the yield and quality of apple, with significant interaction. In sum-
mary, the interaction of BOM and DI treatment not only improves soil quality effectively, but also in-
crease yield and quality of apple.
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Fig.1 Monthly average temperature and precipitation of the experimental site in 2015-2016
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Table 1 Yield and single fruit weight in different

treatments
2015 2016
Juks s LIS s L )igs
Treatment Yield/ Single furit  Yield/ Single furit
(t-hm*)  weight/g (t-hm*)  weight/g
a CK 53.6¢c  2193Db 538b  208.7b
BOM 548b  239.1a 65.5a  2283a
ZD 575a  220.8b 657a  217.1b
b FI 543b  215.6b 60.5b  213.6b
DI 563a  237.2a 628a  222.5a
axb CK-FI 524e  2102¢ 53.0c  199.0c
CK-DI 548cd 2284 be 547c¢  218.3ab
BOM-FI ~ 53.9d  2258bc 63.1b  229.0a
BOM-DI  55.6bc 2525a 679a  227.7a
ZD-FI 565b  210.7¢ 65.5ab  212.8b
ZD-DI 585a  2309b 66.0a  221.5ab
Prid a <0.0001 <0.000 1 <0.0001  0.0093
Pr b <0.0001  <<0.000 1 0.0043  0.0394
value o 0.0407  0.0239 0.0335  0.1196

e ARAN A LS B, b ARBE T 5. AER— KR F
R ESdi Je b A )N 5 5 B SRR AR B TR 22 S AN 25 (p << 0.05) 6
N A

Note: a stands for different soil conditioner, b stands for irrigation
method. Means followed by the small letter in a same column in a
same factor was not significantly different by Duncan’ s test (p <

0.05). The same below.

R2 FRLERRITMAE(2016)
Table 2 Fruit quality in different treatments (2016)

H 1 H b N
P e ) o e e
Treatment Soluble Titratable ~ (mg-kg™") .
solids/% acid/% ratio
a CK 13.1¢ 0370 a 1584 b 34.8b
BOM 145a 0.368 a 183.0a 40.6a
ZD 13.8b 0.403 a 163.5b 34.1b
b FI 13.5b 0.380 a 159.1b 352b
DI 14.0a 0.381a 177.6 a 37.8a
axb  CK-FI 12.8d 0.366 a 150.1¢ 33.7d
CK-DI 134c¢ 0.374a 166.8 be 358¢
BOM-FI  142b 0.368 a 171.5b 38.5b
BOM-DI 149a 0.368a 1944 a 428a
ZD-FI 13.6¢ 0.406 a 155.6 be 33.5d
ZD-DI 13.9b 0.400 a 171.5b 34.8cd
Prif a <0.000 1 0.048 5 0.0026 <<0.000 1
Pr valy, <0.000 1 0.9577 0.0017  0.0006
b 0.026 4 0.860 0 0.678 1 0.049 4

R ] R LL e I A A B 4y ) S RN T 4.9% ~
16.4%+13.3%~29.5% 11 11.1%~27.7% , ¢ W3 45 HLIE
VEEF SR B R R R . AL EE
AHERGELREER.
23 ARLEXEHTFS S EREN

B BRI AN E R U7 2 S AT BAE R X A
B AERE B B % (R 3) . ZD B CK A1 BOM
b BRI A R i R N T 34.7% 01 12.2%, 4%
B B 43 ) S N T 22.1% A1 19.0% ; BOM Ab B
() 4= B0 & BB CK F1 ZD Kb 3 53 25 80 1 9.4%~
11.5% ; BOM Al ZD 4b 3 (1) 4= B Fl A 86 5 & 0 B 3%
ZR . SFIMLG, DIACEE 40 B A0 A B & &
WER T REMK., 5 CK-FIAMALL, WEH 5
TGV L [H] 4 F Y BOM-DI Al ZD-DI kb H) I 2 18 iy
TR AR B 2SS E. ZD-DIAH
(194245 & &% BOM-DI A2 1T 2 84 0 1 20.1%, 2
ERE e EESELEEER.

3 FELEHMRET RFESEE02016)
Table 3 Mineral nutrient contents in the leaves in
different treatments (2016)

w(EE) wl@BH wl @D wl@is) wl @B
AbE Total N Total P Total K  Total Ca Total Mg
Treatment content/  content/  content/  content/  content/
% % % (g-kg" (g-kgH
a CK 1.64 ¢ 020b 1.04b 15.86b 4.72b
BOM 1.97b 027a 1.16a 16.27b 4.95ab
ZD 221a 028a 1.06b 1936a 5.11a
b FI 1.73b 023b 1.06b 16.17b 4.71b
DI 2.15a 027a 1.11a 18.16a 5.13a
axb CK-FI 146 ¢ 0.18¢c 1.07b 1495d 4.44b
CK-DI 1.82 cd 0.21bc 1.01b 16.77¢ 5.00a
BOM-FI  1.69 de 0.25ab 1.09 ab 1541d 4.84ab
BOM-DI  2.25 ab 029a 122a 17.13¢ 5.05a
ZD-FI 2.04 bc 027a 1.01b 18.15b 4.87 ab
ZD-DI 2.37a 029a 1.10ab 20.57a 535a
Prff a <0.000 1 <<0.000 1 0.0002  <<0.0001 0.0569
Pr b <<0.000 1 0.0002 0.0019 0.0002 0.006 5
value ., 0.0495  0.3476 0.000 7 0.5027 0.392 1

- B R AN 7 20 S S HRRIN SRS
ERMAEME B E (K4 . BOM A ZD
CK AP 2B & &0 & N 17 8.4%H 9.5%,
AP B RN T 12.7%1 15.7% : ZD AP
()4 45 & B 8 BOM 2 180 17 17.8% , #R 1fif BOM
N ZD b HE ] (1 A% A AR A B S 'R A0
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4 FEVEBHRET RZFSEIE(2016)
Table 4 Mineral nutrient contents in the fruit in different
treatments (2016)

wCERD wlEH) wl a5 wlaE)

Jogi WD Total P Total K Total Ca  Total Mg
Treatment Ig:iri 1% content/ content/ content/  content/
% % (g-kgh (g-kgH
a CK 4.54b 0.38a 8.24b 045D 0.63 a
BOM 492 a 0.37a 9.29a 045D 0.52 ab
ZD 497 a 0.44 a 9.53a 0.53a 0.47b
b FI 4.65b 0.38a 8.79b 048a 0.45b
DI 4.96 a 0.38a 924a 048a 0.64 a
axb CK-FI ~ 4.65b 043 a 825¢ 043¢ 0.45b
CK-DI 4420 0.32a 824c 047bc 0.82a
BOM-FI 4.60b 0.37a 939b 047bc  048b
BOM-DI 523a 0.37a 9.19b 042¢ 0.56 b
ZD-FI  4.71b 0.34a 8.75bc 0.52ab  0.42b
ZD-DI 523a 047a 1030a 0.54a 0.52b
Prffi a 0.0247  0.7370  0.0013 0.0181 0.0480
Pr b 0.0218 09566 0.0292 0.8915 0.0045
value 4, 00252  0.1220  0.0078 0.2843  0.0515

R ZE BN T 6.7%5.1%F1 4.2% , 4= A1 4= 45 5 &
FEREEZER. WHENSEEL LT BOM-DI S
ZD-DI Ab % CK-FI.CK-DI #b 3 & 342 5 T 2 A
SR,
2.4 ARE4SIEX T IELF RN

AN [ S8 8 75 R EE W Ok - 3 1) pH R 37
Oy R 2, HAE pH AP 730 e EAFAE
FZHIRZHAEH (£ 5.3 6). 7£20154,BOM 1 ZD
Ab PR CK AL 2R 2538 v 1 3% pH, BOM % ZD At

TP AN R0 S & RGN T 8.0% A1
15.7% » BH 25 A2 # 5 ( 74K I ZD > BOM >
CK, T 0 Tl e 20 AN Tl R0 5 1, % g 3 ) 2
A G 3 75 5

7£2016 4, 15 pHHAK X A ZD > BOM > CK,
HAEZRMEE. 5 CKAFME, BOM KH HL
JR B AP AT R T R RN B T A e i 0 )
ZIIN T 10.2%+15.9%15.4%.7.3%K119.8%; BOM
B ZD A FE A S B RN T 6.3%. 5 FIAH
EE, DIACFE ) pH Bl 280 75 & U & B APH 5 1
L EIIAR) T BER S 1E2016 4, A HLIEL I EE
7155 16 EAZ HAF FH B BOM-DI Ak ¥ %5 CK-FI #1 CK-
DI AL H ) pH . Z $2 5 T 8.3%~9.2%, H HLIE & & &
FPE T 122%~143%, WA S E R ER S T
16.1%~27.7% , FH & ¥ & e & 2 52 & 1 16.5%~
35.4%. BOM-DI % ZD-DI kb () ML & & 5 #
e 1 9.3%.

A7) U 3 7 R g Ot T g8 v (1 A 4k
BEE iR, AR EMNIER EEHGRT.
#8). 5 CKAHN BOM AbFEAH L , ZD Ab F i A8 He itk
B AR AR A E PR T 19.9%~59.9% , B H

SREEFIRET 15.9%~26.1%; £ 2016 FEAF 1
S5 BRI AL B ) 1A O A R B AR S B R
7R . DIACTE L3 1) A2 4 45 5 24 FL 4 Al
BERER T 9.0%H 8.4% , A B B4y ) i 3
& T 14.7%F19.8% . ZD-DI &b B 1) 32 #4052 B i

x5 TRLERTIFEEF(2015)
Table 5 Soil fertility in different treatments (2015)

e w(ﬁﬂfﬁ) w(ﬁ)ﬁfﬁfﬁ) w(ﬁiﬁlﬁ?&) w(ii@'(%ﬂ?) b(ﬁﬁ%??ﬁﬁ%%)
Treatment pH Organic matter Alkaline N Available P Available K Cation exchange
content/(g-kg')  content/(mg-kg')  content/(mg-kg')  content/(mg-kg") capacity/(cmol - kg™")
a CK 4.75b 7.27 ab 88.88 a 68.62 b 138.51a 9.81c
BOM 511a 7.72a 9524 a 81.52a 141.75a 11.63 b
ZD 512a 7.15b 99.94 a 70.43 b 13892 a 13.19a
b FI 493 b 741 a 88.09 b 7337 a 13427 b 10.87b
DI 5.06 a 7.34a 101.29 a 73.68 a 145.18 a 1222 a
axb CK-FI 4.67d 7.42 ab 81.23b 65.87b 129.84 b 8.94b
CK-DI 4.83 cd 7.11b 96.54 ab 71.37 ab 147.17 a 10.68 b
BOM-FI 5.00 be 7.74 a 87.88 ab 81.02 a 137.34 ab 10.14b
BOM-DI 521a 7.70 a 102.60 a 82.0la 146.16 a 13.13a
ZD-F1 5.11 ab 7.08b 95.15 ab 73.22 ab 135.63 ab 1353 a
ZD-DI 5.13 ab 7.22 ab 104.73 a 67.64b 142.22 ab 12.85a
Prifi a <<0.000 1 0.049 8 0.1523 0.0510 0.501 8 0.002 3
Prvalue b 0.001 5 0.670 0 0.0157 0.9353 0.003 3 0.0217
axb 0.033 7 0.528 1 0.8155 0.487 8 0.216 3 0.036 5
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Table 6 Soil fertility in different treatments (2016)
o WCHHLID WA WO wGIRHD) bR BT A2 )
Treatment pH Organic matter Alkaline N ] Available P ) Available K ) Cation exchange ]
content/(g-kg')  content/(mg-kg') content/(mg-kg') content/(mg-kg') capacity/(cmol-kg")
a CK 479 ¢ 8.61b 77.56 b 69.41b 141.78 b 9.06 b
BOM 5.11b 949 a 89.93 a 80.10 a 152.13 a 10.85a
ZD 527a 8.98Db 90.89 a 75.44 ab 143.11b 10.71 a
b FI 5.00b 893 a 82.50 b 72.05a 139.98 b 9.78 b
DI 5.10a 9.12a 89.75a 7791 a 15136 a 10.64 a
axb CK-FI 481d 8.53¢ 73.88d 64.70 b 133.85b 8.38d
CK-DI 4.77d 8.69 be 81.24 ¢ 74.12 ab 149.71 a 9.74 ¢
BOM-FI 5.00 ¢ 9.23 ab 85.80 b 78.30a 14822 a 10.35 be
BOM-DI 521b 9.75a 94.36 a 81.89a 156.03 a 11.35a
ZD-FI 5.19b 9.04 be 88.13 b 73.15 ab 137.87b 10.60 abc
ZD-DI 534a 8.92 be 93.65a 77.73 a 148.34 a 10.82 ab
Prid a <<0.000 1 0.008 2 <<0.000 1 0.066 4 0.046 4 <<0.000 1
Prvalue b 0.004 1 0.253 6 0.000 1 0.093 6 0.006 2 <0.000 1
axb 0.0113 0.283 7 03325 0.703 3 0.5622 0.006 8
R7 TRLEMTEPHETEZEQ0S
Table 7 Trace element contents in the soils under different treatments (2015)
Jreny wOZ RS, wOZ RIS w A 2D w2 w208 wH 2D
Treatment Exchangeable Cg Exchangeable Mg Avaiable B ] Avaiable Cu ] Avaiable Zn ] Avaiable Mn ]
content/(mg-kg') content/(mg-kg') content/(mg-kg") content/(mg-kg') content/(mg-kg') content/(mg-kg")
a CK 329.93 ¢ 81.11b 0322 4.80a 2.55b 19.91b
BOM 395.82b 85.93b 023 a 3.84 ab 3.77a 19.51b
7D 527.71a 102.26 a 025a 3.46b 342a 21.79a
b FI 396.68 b 83.61b 021a 4.08a 3.03a 20.65a
DI 432292 9592 a 032a 398a 346a 20.16 a
axb CK-FI 316.53 ¢ 73.81b 0.24a 4.61a 247 ¢ 19.96 ab
CK-DI 343.33 de 88.40 ab 0.40 a 4.99a 2.64 ¢ 19.86 ab
BOM-FI 371.50 cd 80.95b 0.18a 3.70 ab 2.84 be 20.78 ab
BOM-DI 400.14 ¢ 90.92 ab 0272 3.97a 4.69a 1824 b
ZD-FI 502.03 be 96.08 ab 0.20a 3.94 ab 3.79 ab 21.20 ab
ZD-DI 55340 a 108.45a 0.30a 2.99b 3.05 be 22.37a
Prif a <0.000 1 0.063 5 0.553 4 0.0479 0.024 8 0.020 4
Prvalue b <0.000 1 0.5252 0.133 4 0.780 4 0.156 5 0.3619
axb 0.0340 0.2279 0.900 9 0.297 2 0.019 8 0.056 4
*8 TREAERTIEFHEBTREE(2016)
Table 8 Trace element contents in the soils under different treatments (2016)
s WO OB B wCA ) wCH ) WO ) WO AR
Treatment Exchangeable Ca/ Exchangeable Mg/  Avaiable B/ Avaiable Cu/ Avaiable Zn/ Avaiable Mn/
(mg-kg") (mg-kg") (mg-kg" (mg-kg" (mg-kg" (mg-kg")
a CK 352.55¢ 80.12b 0.30a 526a 3.72a 19.56 a
BOM 468.10b 8531b 0.26 a 486a 3.60 a 19.71 a
ZD 561.22 a 98.89 a 0.25a 4.64a 3.51a 20.53 a
b FI 442.15b 83.99b 0.22a 5.28a 3.38a 2033 a
DI 479.09 a 9222 a 0.31b 4.56 a 3.84a 19.53 a
axb CK-FI 332.04 ¢ 75.07d 0.24b 6.06 a 373a 18.35b
CK-DI 373.06d 85.17 bed 0.35a 4.46 ab 370 a 20.76 a
BOM-FI 476.53 ¢ 82.66 cd 0.19¢ 453a 332a 2145a
BOM-DI 459.66 ¢ 87.96 be 0.32a 5.19 ab 3.88a 17.96 b
ZD-FI 534.76 b 94.24 ab 0.24 be 5.25 ab 3.08a 21.19a
ZD-DI 587.69 a 103.53 a 0.26 b 4.03b 395a 19.87 ab
Prif a <<0.000 1 0.002 6 0.109 4 0.4925 0.798 3 0.402 6
Prvalue b 0.000 2 0.018 6 0.001 9 0.1259 0.105 6 0.220 1
axb 0.041 3 0.728 5 0.079 6 0.126 1 0.374 6 0.0170
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Table 9 Correlation analysis among apple yield, quality

and soil chemical properties

A " [i] 2 L
Hk7 e R D g
Index Yield Soluble . acid

. acid .

solid ratio
pH 0.746 3" 0.5884" 04278 04155 02167
HHLRA 0.2830 0.6650" -0.4124 0.7656" 0.723 6"
Organic matter
AR 260 0.771 6" 0.7321" 0.3365 0.6690° 0.4130
Alkaline N
H AU 0.4229 0.5843° -0.0101 0.6996" 0.5069"
Available P
TR 0.3219 0.7312" 0.0022 0.6276" 0.667 0"
Available K
FH B8 7 A4 0.5600" 0.7605" 0.1643 0.6438° 0.5146
Cation exchange
capacity
A 0.730 6™ 0.546 8" 0.5453" 0.2343  0.0597
Exchangeable Ca
LA 0.790 6" 0.3402 0.4250 0.2070 —0.0506
Exchangeable Mg

kR FRIORAE 0.05 1 0.01 KT AR,
Note: *, ** showed significant correlation at 0.05 and 0.01 levels, re-

spectively.
300
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(1) 370 VHE A B2 1) - 39 pHL I 25 5 v, R R S AR
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/D FH B2 IR UE AR 7K 43 75 3R (%) [R] I 3k S 17 VEE VR
N SXof IR 43, AR i) Ak o AN 3 N AL
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