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Comprehensive assessment of effects on fruit and soil quality of applica-

tion of branch compost in a pear orchard
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Abstract: [Objective] Collection and utilization of agricultural waste is a difficult in China. Pruned
branches from fruit trees are a special kind of agricultural waste, which is rich in organic matters and
mineral nutrients. However, due to its hard texture and complex structure, it is difficult to be reutilized,
and is carelessly discarded or burned in large quantities causing great environmental pollution and safe-
ty hazards. Aerobic composting is an effective method to transform biological wastes into valuable or-
ganic fertilizer, which can be applied to the field, bringing both economic and ecological benefits. There
is still a lack of systematic and comprehensive reports on the application of compost from fruit tree
branches to the field, especially on the changes in fruit and soil quality and tree productivity after appli-
cation. Therefore, it is necessary to investigate the effects of application of branch compost and organic
fertilizer on fruit yield and quality and soil physical and chemical properties in densely-planted pear or-

chards. [Methods] Four fertilization treatments including branch compost (BCT), branch compost com-
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bined with bio-organic fertilizer (MT), sheep manure (ST) and chemical fertilizer (CT) were set up, and
the yield and quality of fruit, and the physical and chemical properties of soils at depths of 0-20, 20-40
and 40-60 cm were investigated, and comprehensively evaluated with the principal component analysis.
The amount of sheep manure in ST in the test site was taken as the standard, and the organic matter in
BCT and MT treatments was equal to that in ST, and the amounts of N,O, P,Os and K,O in all treat-
ments were equal. [Results] The results showed that MT significantly increased yield, which was
19.78 percent higher than that of CT. BCT and ST significantly increased fruit firmness after continu-
ous application for two years. Continuous application of organic fertilizer improved fruit quality signifi-
cantly. Compared with CT, ST and MT increased the contents of soluble solids and vitamin C in fruit.
MT also increased the content of soluble sugars, and ST and BCT enhanced fruit firmness and in-
creased the content of organic acids. There was significant difference in fruit and soil quality in differ-
ent treatments. Soil pH was increased by sheep manure application, and decreased by continuous treat-
ment of MT in 0-20 and 20-40 cm soil layers. The total salt content in 0-20 cm soil layer significantly
increased in MT, and was the lowest in ST, and that in MT was significantly lower than in the other
treatments in 20-40 cm soil layer. The content of soil organic matter in each treatment increased with
the extension of application and showed a decreasing trend with soil depth. The content of available ni-
trogen increased in different soil layers with the continuous application in each treatment, and after 2
years, the available nitrogen contents in ST and MT in the soil layers of 0-20 cm and 20-40 cm were
significantly higher than those in CT. Compared with CT treatment, MT and ST significantly increased
the content of available iron in soil. MT was the highest in available iron the 0-20 cm soil layer, while
in the 20-40 cm soil layer, ST was the highest. The changing trend of soil ammonium nitrogen content
was different. It decreased gradually with soil depth in ST, BCT and MT. In CT, ammonium nitrogen
was higher in the 0-20 cm and 40-60 cm soil layers than in the 20-40 cm soil layer. Besides, the con-
tent of ammonium nitrogen in MT was significantly higher than that in the other treatments in both the
0-20 cm and the 20-40 cm soil layers. The maximum nitrate nitrogen content was found in ST, MT and
CT in the soil layer of 0-20, 20-40 and 0-20 cm, respectively. The nitrate nitrogen content in MT in the
soil layer of 40-60 cm was always significantly lower than that in ST. [Conclusion] According to the
comprehensive evaluation by principal component analysis, three principal components with eigenval-
ues greater than 1 were extracted. The contribution rates of the principal components 1, 2 and 3 were
58.67%, 26.371% and 14.959%, respectively. The contribution rates of cumulative variance reached
100%, and the three principal components could reflect the information provided by all indicators. The
comprehensive score of different fertilization treatments was in the order of MT>ST>BCT>CT, and
MT had the best effect.
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Table 1 The amounts of fertilizer applied (kg-plant"
it BE LA HUE S A3 W% o R G
Treatment Bio-organic fertilizer Branches compost Sheep manure Carbamide Calcium superphosphate ~ Potassium sulphate
ST 0 0 12 0 0 0
BCT 0.000 0 4.8000 0.000 0 0.070 4 03525 0.429 0
MT 0.500 0 4.600 0 0.000 0 0.048 0 0.253 3 0.4318
CT 0.000 0 0.000 0 0.000 0 0.1852 0.480 8 0.520 4
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Fig. 1 Effect of different treatments on fruit mass, yield, shape index and firmness of Huangguan pear
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Table 2 Effect of different treatments on fruits quality of Huangguan pear
Ty szl wOK5) wCrEHEETEYD  wCAT YRR w4 R C) wTHLIR) PR LE
Year Treat FW/% TSS/% SSC/(g-kg") VC/(mg-kg") TA/(g-kg") sugar-acid rate
2017 ST 85.80+1.65 a 10.70+0.09 b 77.00+0.09 b 35.500+0.318 bB 1.42+0.03 b 55.00+1.52 bA
BCT 86.90+1.51 a 10.51+0.06 b 76.60+0.72 b 33.100+0.203 cC 1.71£0.01 a 45.20+£1.22 ¢cB
MT 85.30+1.67 a 11.13£0.13 a 79.10+0.29 a 37.800+0.376 aA 1.814£0.01 a 44.00+0.56 cB
CT 85.80+0.44 a 8.90+0.18 ¢ 76.90+0.50 b 32.900+0.441 cC 1.33+0.02 b 59.10+0.21 aA
2018 ST 84.50+0.68 b 12.78+0.25 be 74.60+1.22 b 34.50+1.74 a 1.88+0.05 a 39.80+1.07 b
BCT 85.33+0.36 a 13.20+0.36 ab 76.30+0.91 b 34.00+1.47 ab 1.89+0.04 a 40.40+1.64 b
MT 85.50+0.35 a 13.64+0.23 a 80.50+1.07 a 35.30+0.75 a 1.62+0.03 b 49.70+1.54 a
CT 86.07+£0.66 a 12.11+£0.28 ¢ 73.90+0.83 b 32.20+0.47 b 1.62+0.02 b 45.60+0.73 a
CT &b 2 43 51l &t 12.63%9.63% 1 8.93% , 35 & & 0y OCT @ST GBCT EMT
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Fig.2 Effect of different treatments on the

physicochemical properties of soil in pear orchard
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Fig.3 Effect of different treatments on the physicochemical properties of soil in pear orchard
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Table 3 Correlation coefficients matrix of the indexes

X9 X100 X11 X12 X13  X14 XI5 X16  X17

e X2 X3 X4 X5 X6 X7 X8
Indicator

X1 1.000 -0.808 -0.916 0.340 -0.138 -0.188 —0.763 -0.336
X2 1.000 0.505 0.275 -0.357 0.673 0.986 0.825
X3 1.000 -0.689 0.412 -0.204 0.440 -0.062
X4 1.000 -0.718 0.813 0.344 0.752
X5 1.000 -0.427 -0.301 —0.747
X6 1.000 0.765 0.860
X7 1.000 0.832
X8 1.000
X9

X10

X11

X12

X13

X14

X15

X16

X17

0.015 -0.177 0.684 -0.519 0.047 —-0.096 0.214 -0.348 0.213
0.328 -0.134 -0.570 0.614 0.503 0.662 0.401 0.819 0.402
-0.288 0.396 -0.575 0.302 -0.430 -0.304 -0.588 -0.056 —0.587
0.642 -0.603 0.116 0.227 0.920 0.884 0.990 0.759 0.990
0.019 -0.110 -0.500 0.274 -0.505 -0.821 -0.765 -0.552 -0.761
0.857 -0.752 -0.467 0.726 0.971 0.864 0.851 0.964 0.854
0.479 -0.295 -0.655 0.727 0.601 0.683 0.458 0.871 0.460
0.473 -0.314 -0.201 0.422 0.815 0.970 0.837 0.956 0.837
1.000 -0.980 -0.603 0.826 0.852 0.511 0.621 0.697 0.626
1.000 0.524 -0.745 -0.781 -0.386 —0.555 —0.553 -0.560

1.000 -0.940 -0.283 -0.041 0.067 -0.422 0.062

1.000 0.589 0319 0.264 0.651 0.270

1.000 0.877 0.931 0.906 0.934

1.000 0.942 0.923 0.941

1.000 0.829 0.989

1.000 0.831

1.000

R XL LR X2, R B X3, FURAREG XA, TR XS, K s X6, MM S s X7, W S e XS, 4EE R C B E
X9, AN & X10. BERRLL s X11. 3% pH X12. 38l S, X13. HIEFYUR S X114, B3R E S8 X5 BIEa & & 6. 1%

HARA R X7 LREAR S .

Note: X1. Fruit mass; X2. Yield; X3. Shape index; X4. Firmness; X5. Water content; X6: TSS content; X7: SSC content; X8. VC content; X9. TA con-
tent; X10. Sugar-acid rate; X11. pH; X12. EC; X13. Orgnic matter content; X14. Available nitrogen content; X15. Available iron content; X16. Ammo-

nium nitrogen content; X17. Nitrate nitrogen content.

x4 EMSHER

Table 4 Results of the principal component analysis

TiH LAY FH1 B ) F 3
Item Indicator Principal component 1 Principal component 2 Principal component 3
R 2515 & Fruit mass 0.010 0.061 -0.245
Fruits HRRPE R Yield 0.070 -0.071 0.201
R F5 % Shape index -0.055 -0.058 0.227
¥ Firmness 0.111 0.026 -0.088
7K 53 & & Water content -0.186 0.214 -0.017
I VR4 5 TSS content 0.058 0.096 0.017
] YA B 5 B SSC content 0.054 -0.018 0.178
#i2E 3 C & & VC content 0.131 -0.081 0.093
HHLER 7 & TA content -0.033 0.247 -0.065
HHIR L Sugar-acid rate 0.052 -0.276 0.109
Fl | - 58 pH 0.101 -0.196 -0.110
Soil SR EC -0.067 0.214 0.067
A PUFE 7 Orgnic matter content 0.069 0.980 -0.038
T fif %% & Available nitrogen content 0.140 -0.067 0.034
A %k & B Available iron content 0.122 -0.001 -0.053
A% ¥ f£ Ammonium nitrogen content 0.088 0.015 0.073
THASE i Nitrate nitrogen content 0.121 0.001 -0.053
F51E{E Eigenvalue 9.974 4.483 2.543
T1Hik % Contribution rates/% 58.670 26.371 14.959

251k % Cumulative variance/% 58.670

85.041 100.000
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I SR I IR 7 R 1o 35 2 AR 2R
&V REA RS & PERR L . 3 pH.EC 554545
(15 5, AT B SIR L 3ER E IR . 56 3 Ak
IPWERE TR PR RSP & R TR o]
TR S R E R

THHE S E R 13 A 15 5> FAE, 0% FE
KK Tt AEAL B EAT HE PP, 45 R a1ER 5 B, AN )
i JE 4k ) 25 A& 15 2 1P 8 - MT>ST >BCT>
CT. HHULTTLLE Y, &ALt A Ak 20 2 SR SR
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Table 5 Scores and general scores of principal components of different treatments

b3 FERI 11397 TR 21957 FER 3139y LA F Hr
Treatment Principal component 1 Principal component 2 Principal component 3 Comprehensive score F Rank
CT -0.652 728 833 -0.260 029 990 0.026 755 887 -0.886 002 936 4

ST 0.537 886 037 -0.127 407 605 -0.161 109 248 0.249 369 184 2
BCT -0.332 572 634 0.351 358 723 -0.058 029 393 -0.039 243 303 3

MT 0.447 415 225 0.036 077 002 0.192 382 617 0.675 874 844 1

3 W AW P R R IR 2 S . AEASHE FEh MT

RAFWAE 7 bt A HUIEANCE = 77 VAR5 i
PR F i B AT DU 2 53 3 A 0 (Pt i R =
ERT . DAERF LR B, B IE A IR S A HLR
T, 2 BRI RAE HLAERNY (R R E bl &, —
FRCHRAE 20 LA L, 75 34 FE 1) FH ISF 540 1) it FH A 2 HE AR
SIS TIEA TSR, K TR A — L H A
AL T A e e 2 AR it FH R, WAR IR 25
RF B HERE YA WL it 46 MT Ab 342
HE T RS TSS.SSCHIVC & &R R, Frcalifb e
UOSEINVE /DR LY Y T - R (S R E =R S
JR B A T, {H ST A BCT AL B #bk 8 5 CT &
R 22 50, TG I H 38 7 (R 28R IX P R A& 4 e AR
NIEAA RS, 7= 8K P HE BRI 2R, 31 =F 77
JE M I ZE R, B R EE— DI . 5ok
ST 4b B (1) 5 52 TSS. VC Ml TA & &= W & & F CT,
BCT 43 T VC FI TA & &35 3 5 T CT, Ui W A
BT Al A RE A B il B A BLAIE Y 3 Fo b 2 35 g AN [
TR i vy SR 5 B Y, 3K 5 ) R AR A R R A
B A it FH R R B 2] 5 A AL T IR 45 18 A
o

it A AR R D 78 4 R A B AR ) AR T
27 B 1A 807 2 ST AR /K RGP K N
VRV 48 I St A HLAE m] A e B AL A A
YR R AR A, B e H 3 Lk R R R AR
W A R L 3 R T TR 1k 1 TR Il A AU B SRR
PEo FAIE, Bk Sl A S F 3 5 35
TR B HE NI e P 5 P R 3 O Y R, v 3

HEL AL TR 5 0~20 cm A1 20~40 cm + 2 i) pH B FE1IK,
H B/ T CTAbH, 3R B SR A=A HLAE
Jiti FH 25 45 AT ke 280 o R A [l i 1 - R R A L T 2 3
Ab PR 5 3 pH B B T CT, BNiZ 5 2E 36 E 5 16
PRI R 6. T LA ML & &, #bh 78 3 2K
PEFR IS & RR I R E 2 E AR, ARG 45 R,
AT CT AL FE, ST BCT A1 MT AN [F] £ B M 472 7
T AN AR AR & U A A LA X AL
358 5T R AR TR R T Al R, T DA MT A3 3%
RRAE, TR A T B S E AR Y
R BRI 2 F R RIS, AR 45 R
BN B S 3 A HLIEALEE ST.BCT #TMT A
F L E SRS EMEAA GBS B E ST CT A%,
Wi B ALAE bb afi A B it FH B8 A R 3 AU
LR, A MT b B SE A 2t i LI AR & &
HEECR B SR & &, TR r R R 2 A PUIE R
FER O BC A e T B3 T RS, PR T IR R
TAE T8N T IR 2 IS S R BRI TER
+- 3 Hh i pH 21 Fe &5 T I0E AT 2% 254 20 v A 1
PP R A AR S 3 A b T R e e A A P, AR AR
W7 0~40 cm )2 ) ST AIMT AbFEE) B E ik T
TP F A AE RIS T  MT b 2% 358 208k
B BB FHE F B2 BRI T 4233 pH BT S, 1 ST
AERISEFHE R T R 53 B B A Mk A B E R
T4 T IR B A G

TE b IR B SRI E HE IR 22 N BRI A 1 20 AT
fitkh b, 45 B 2 By 0 Wit AT TN SR 255 PEVT
M, 038 H T 52t A 5 T (1 SR S T S T R T
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JUAS SRR -, BLFE - 885 AR IR 43 SR SN 1 458
FESE , FEORUEAEATR KRR A B 5 B ATHE T, #4ik
58 K br A AL S5 e 46 AN B> HMOT (R 255 48
b, B8 0T Tt B RCSR EA7 B0 4 T R PPEANE . AR
WE 743 AT &8 SR B s, MT AL HE 22 A 1593 5 0.675 8 HE
HH AL, CT HE A IR 5 15731 N —-0.886 0, A [A] it
RE SR S 4 o FH - 38 0 R (M 256 15990 HE P I MT >
ST>BCT>CT.

4 %5 @

AARTE 285 R B, it FH A LR Be 4 s 3 e AL 1
RS, B9z TSS.SSC A VC & B A A A R
FERSE . b v I AR S & A
458 pH IR 2 35 0 v s it AR SR HE AR S, SRS Ve
TA & & B E 52T s WA A% HE R+ A A HUAE B it A
HE AL AE R EE A 35 138 7= RO, R AT (i ik
RS TSS.SSCHIVC & &M &, H g B A4 T+
Ree: XSV NG AR IR SR VE ey E R E 3 i ne:
pH, M R R IEME R . R R B, it
A HUAE 11 3 Ak 3856 5 I 5 Jo R0 - 438 & (1 3 T
FH 2158 T i A0 BB A0 22, I 3L MT A2 (19 256159 47
90.675 8, HEAZ 55 147, Jifi AR SSCR e f:
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