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Abstract: [Objective] The phenomenon of transforming peach orchard into apple orchard is common
in production. However, the components in the previous soil are complex, and their impact on the subse-
quent plants cannot be predicted. There have been few reports on the impact of the peach orchard soil
on the growth and fruiting of the later crop of apple trees. The Fuji / Malus robusta plants were selected
as the test materials. The effects of peach orchard soil on the plant growth characteristics, leaf protective
enzymes, leaf photosynthetic fluorescence parameters of apple trees, the yield and quality of Fuji apples
were studied. [Methods]The effects of peach orchard soil on the growth, photosynthesis, yield and qual-
ity of Fuji apples were studied under field conditions. The treatment was apple trees planted in the
peach orchard soil. The control was apple trees planted in the farmland soil nearby. The indexes of ap-
ple plant growth characteristics included plant height, trunk girth, crown width, new shoot length, ger-
mination rate, branching rate, short branch rate, flower branch rate and internode length, etc. The relat-
ed indexes of apple leaves included leaf area, leaf fresh mass, chlorophyll (a+b) content, net photosyn-

thetic rate (P,), transpiration rate (7;), stomatal conductance (G,), intercellular carbon dioxide concentra-
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tion (C)), actual PSII efficiency (®esy), efficiency of light energy capture by open PS II reaction centers
(F.’/F,"), non-photochemical quenching of PS Il (NPQ), quantum yield of PS II electron transport
(ETR), photochemical quenching of PS II (gP), superoxide dismutase, peroxidase, catalase and ascorbic
acid peroxidase, membrane permeability, hydrogen peroxide, superoxide ion, soluble sugar and proline.
The related indexes of apple quality included fruit hardness, fruit shape index, smoothness, coloring in-
dex and sugar acid. The active potassium content, active phosphorus content, total N content, organic
matter content and pH value of soil were also tested. [Results] Compared with the control, the crown
width, new shoot length, branching rate and internode length of apple trees planted in the peach orchard
soil decreased significantly by 13.1%, 19.8%, 8.8% and 11.1% respectively. There was no significant
difference in plant height, trunk girth, germination rate, short branch rate and flowering branch rate be-
tween the treatment and control. The peach orchard soil inhibited the growth of apple trees and short-
ened the internode length of new shoots. Compared with the control, the leaf area and leaf fresh of ap-
ple trees planted in the peach orchard soil decreased significantly by 17.6% and 7.2% respectively, the
content of protective enzymes in the leaves decreased in various degrees, the activities of superoxide
dismutase, peroxidase, catalase and ascorbic acid peroxidase decreased significantly by 8.8%, 21.5%,
18.3% and 22.8%, the contents of MDA, H,O,, O, , soluble sugar and proline increased significantly by
17.0%, 19.4%, 45.5%, 19.4% and 25.9%, the activity of antioxidant enzymes in the apple leaves de-
creased, the content of reactive oxygen species increased, the degree of lipid membrane peroxidation in-
creased, and the contents of soluble sugar and free proline increased, the net photosynthetic rate,
F,’ /F,", ®psy and ETR decreased significantly by 12.1%, 20.3%, 30.0% and 35.5%, respectively, the
1-qP and NPQ were significantly increased by 60% and 41.3%, respectively. There was no significant
difference in chlorophyll content, transpiration rate, stomatal conductance and intercellular CO, concen-
tration. Under the condition of peach orchard soil, the photochemical activity of PS I reaction center in
the apple leaves decreased, the electron transport chain was damaged, the actual photochemical efficien-
cy decreased, and the closing degree of PS Il reaction center in the leaves increased, resulting in the
weakening of electron receiving ability on the receptor side, increasing the excitation pressure on PSII,
and changing the distribution mode of PS II excitation energy in the apple leaves. Under the conditions
of peach orchard soil, the yields per 666.7 m* of the apple trees in 2017—2021 were significantly lower
than those of the control, the ratio of decrese were 15.7%-32.3%. The degree of skin finish and sugar-
acid ratio of the apple fruits were significantly lower than those of the control, the ratio of decrease
were 7.9% and 23.8% respectively. There was no significant difference in fruit firmness, fruit shape in-
dex, color index, soluble solid content, soluble sugar content, and titratable acid content. There were no
significant difference in active potassium content, active phosphorus content, total N content, organic
matter content and pH value of soil between the treatment and CK. [Conclusion] Peach orchard soil in-
hibited the growth of apple trees, reduced branching rate, shortened the internode length of the new
shoots, reduced the activity and photochemical activity of the PS II reaction center, destroyed the elec-
tron transport chain, reduced the excitation energy capture efficiency, the actual photochemical efficien-
cy, the net photosynthetic rate, and the antioxidant enzyme activity of the leaves to various degrees. The
dynamic balance between the antioxidant enzyme system and reactive oxygen species of the apple trees
planted in the peach orchard soil was broken, the contents of soluble sugars and proline in the leaves in-
creased, fruit yield, sugar-acid ratio and degree of skin finish decreased.
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Table 1 Grading standard for fruit coloring and finish

£ Ho Tk

Grade Coloring rate/% Degree of finish/%
0% Grade 0 0~5 0~10

1 2% Grade 1 >5-~25 >10~30

2% Grade 2 >25~50 >30~60

34k Grade 3 >50~75 >60~85

4% Grade 4 >75~100 >85~100
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Table 2 Effects of peach orchard soil on the growth of apple trees

. - ERI=RINEA i (&R at
b3 Ve T il K AR LI w483 ath)
. . . New shoot ) Leaf fresh Chlorophyll(a+b)
Treatment Plant height/cm  Trunk girth/cm Crown width/cm Leaf area/cm’ N
length/cm mass/g content/(mg-g")
T 230.7+24.4 29.0+2.1 388.0+12.4 54.0+£2.6 28.0+1.7 0.77+0.01 2.73+0.03
CK 260.7+3.80 36.0+1.5 446.3+13.3* 67.3+0.9%* 34.0+0.6* 0.83+0.01* 3.07+0.12

VE:*p < 0.05, Z R EE #p <001, ZRWEE. FH.

Note: * indicate statistical significance (p << 0.05), ** indicate statistical significance (p << 0.01). The same below.
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Table 3 Effects of peach orchard soil on the branch
growth of apple trees
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Treatment Germination Branching branch  branch Internode , R L

rate/% rate/% catel%  rate/% length/cm IH‘H‘ F)/F, E’z%‘ B%f[i& 20.3%,ETR Ez%‘ E%{EE 35.5%,
T 60.742.6  3.40£0.06 48.3+2.0 33.7+1.9 2.40+0.07 Dps 1 35 FFAIK 30.0% , I PS 1T B H O R 6 A 27
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Table 4 Effects of peach orchard soil on P., G, C; and T. in leaves of apple trees

JoBLd D REpr e 2 ST SALTE i lE) COL ¥ JE
Treatment P,/Cumol-m™*-s™) T/(umol-m™-s™) GJ/(umol-m™*s™) C/(umol -mol™)
T 19.6+0.5 4.10+0.03 148.3£5.7 218.849.0
CK 22.3+0.4 ** 4.11+£0.05 161.8+8.3 213.843.3
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Table 5 Effects of peach orchard soil on fluorescence

quenching parameters in leaves of apple trees

sl

Treatment FIF, Doy 1-gP ETR NPQ

T 0.55+ 0.42+ 0.24+ 2.82+ 1.06+
0.02 0.01 0.02 ** 0.13 0.05 *

CK 0.69+ 0.60+ 0.15+ 437+ 0.75+
0.01 ** .02 ** 0.02 0.25**  0.12
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41.3%, PS 1T UK A 0 e 7 30k A2 0%, 3¢ A AR I
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Table 6 Effects of peach orchard soil on MDA, H.0:, O., soluble sugars and Pro in leaves of apple trees

Ab 3 b(MDA)/ b(H,0,)/ 0,/ wCRI VTR w2
Treatment (mmol - g") (umol-g") (nmol - g min™) Soluble sugar content/(mg-g")  Proline content/(pg-g")
T 8.47+0.27 * 0.43+0.01 * 0.32+0.02 * 37.5+£0.7* 323.3+£7.7 **
CK 7.24+0.15 0.36+0.02 0.22+0.02 31.4+0.4 256.7+7.9
B o

37T BRI R S RO R S |
AR (SOD) AR POD) AL 5 2 0 |
PR CAT UG i R AR APXO TS, B § 000 |
59 b e ] S 25 MK 8.8%.21.5% 4 18.3%122.8% . & Z 5000 |
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Table 7 Effects of peach orchard soil on antioxidative

system in leaves of apple trees

Ak SOD/ POD/ CAT/ APX/
Treatment (U-g") (U-g"'min") (U-g"'min") (U-g' min")

T 231.7£5.2  88.7+£3.3
CK 254.0+4.7*% 113.0+4.0%

192.345.8
235.3+7.5%

18.3+0.7
23.7+0.9%*

FH P 1 AT, 55000 B8 e A BE L 2017 4F 222021 4,
b I 720 3th 28 [l 264 N B 666.7 m? 3 FAE AR 7 5 5 )
I 32.3%.28.6%+23.2%18.1%+15.7%,2017
SRV R P AR, N 32.3% , I AE PR 1 0, vk 2 g
8N o SR

FH 2 8 W] 0, 550k fe el A EG , Bk el 32 b 282 [l 2%
AT 3 S R SO VR B R PR 7.9% 0 X R el Ak

2017 2018 2019 2020 2021
HE{)y Year
B 1 #kEE i R R = 2 RS
Effect of peach orchard soil on yield of apples

Fig. 1
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Table 8 Effects of peach orchard soil on firmness, fruit

shape index and appearance quality in apples

KRR RBREL LN EeRER RS
posii ) X
Treatment Firmness/ Fruit shape ~ Degree of Color
(kg-cm™) index finish/% index/%
T 8.63+0.18 0.89+0.01 76.7+1.2 72.7+1.8
CK 8.37+0.07 0.8940.01 83.3+0.9 * 75.3+1.8

TR = AT [ S N P S S i 1 - N 71 I
8.37.8.63 kg-cm?, RILFE £ 8 0.89, F e %L
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P22 10 7] 01, XoF 1 o] R Bk il 38 e 2 Bl 44

soluble sugar, titratable acid content

and sugar-acid tatio in apples

w( AP

, wCAlVEERE wCT R WEIRLE
i e Soluble sugar Titratable Sugar-acid

Treatment Soluble solid

conent/% acid content/%  ratio

conent/%
T 13.3+0.3 11.0+0.4 0.38+0.02 29.1£0.3
CK 14.2+0.2 12.1+0.1 0.32+0.01 38.24+1.5%

8 R R A LTS R M pH AR Y
TREESR.

Fz 10 AR ETIEFSSEN pH E

Table 10  Soil nutrient content and pH value in different treatments

e wOE R wOE R w(AZD wCHHLED At
Treéiment Active potassium Active phosphorus Total N content/ Organic matter pH value
content/(mg-kg") content/(mg-kg") (g-kg" content/(g-kg™") P
T 108.0+9.7 39.3+2.2 0.49+0.02 9.07+0.23 6.33+0.03
CK 106.7+3.5 41.0+1.2 0.51+0.02 8.87+0.20 6.40+0.06
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> !
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