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Abstract: [Objective] Annual pruning in pear orchards leaded to a large number of branches which con-
tain abundant mineral nutrients. Traditionally, pruned branches are stacked optionally, or burned as fuel,
and both methods lead to loss of nutrients. It is important to use these solid waste resources and recycle
their nutrients. Composting is a way to turn the wasted prunings to a useful organic fertilizer. Long—term
applications of organic fertilizer had profound effects on soil physical, chemical and biological properties.
Moreover, the application of organic fertilizer also promotes the growth of plant roots, affecting the yield
and quality. However, it is not clear about application of pruning compost into pear orchard. The aim of
this experiment was to study the effects of pruning compost on soil properties, root growth and distribution,
yield and quality in pear. [Methods] The experiment was conducted on 10-year—old ‘Zaosu’ pear trees
for 4 consecutive years. Based on the equal mineral nutrients and organic matter, the treatments included
pruning compost (PC), sheep manure (SM) used as traditional organic fertilizer, and chemical fertilizer set
as the control (CF). Randomized block design was used for this experiment, with three replicates in each

treatment. At the harvest in 2015, a soil excavating method was used to sample roots, and nine trees with
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average vigor were selected from each treatment for root sampling. Root images were obtained by root scan-
ner, and root feature parameters such as root length, root surface area, root volume were analyzed. Further-
more, the experiment also studied effects on yield and quality of pear. [Results] (1) PC significantly in-
creased the contents of alkali—hydrolysable nitrogen in the soil, which was 1.44 times of the control. Soil
organic malter, available P and available K contents were increased by 25.7%, 30.3% and 7.5% in PC
treatment compared with the control, respectively. (2) PC and SM significantly increased the total root
length, total root surface area and the number of root tips. These root feature parameters were in the order
of SM>PC>CF. In horizontal direction, total root length in the range of 0~40 ¢m under PC treatment was
1.77 times of the control (P< 0.05). Organic fertilizer treatments significantly increased total root length
and total root surface area in the ranges of 120-160 ¢cm and 160-200 c¢m, and root distribution density
was in the order of PC>SM>CF. Compared with CF, SM increased total root length, total root surface area
and total root volume in the range of 80—120 cm although only the increase in total root surface area was
significant. The coarse root was most significantly increased by 90.8%. There were no significant differenc-
es among root length, root surface area, root volume of absorbing roots and coarse roots under different fer-
tilization treatments. In vertical direction, applications of PC and SM increased the length of absorbing
roots, root surface area and volume in 0-30 c¢m and 30-60 cm soil layers, and coarse root length was also
significantly increased by PC treatment. In 30-60 cm layer, SM increased coarse root length to 0.11 mm-+cm™
which was 2.14 times of CF. Meanwhile, total root surface area of SM was significantly increased by
71.4% compared with CF. Coarse root surface area under SM treatment was increased by 90.8%, and ab-
sorbing root surface area was 2.01 times that of the control. Additionally, the absorbing root volume in SM
and PC treatments were 0.39 mm’+cem ™’ and 0.41 mm’:em™ in 30-60 cm soil layer, respectively, which
were both significantly increased compared with the control. Absorbing root volume in 30-60 cm soil lay-
er in SM treatment was 0.38 mm’+cm™, while in PC treatment it was 0.41 mm*+cm™, and both were signifi-
cantly higher than the control. Although SM significantly increased total root surface area in 90-120 cm
soil layer, the increases in surface area of absorbing root and coarse root were not significant. Results also
showed that root composition was changed by applying organic fertilizers. The relative length of absorbing
roots in PC was 96.5%, significantly increased by 1.71%. The two organic fertilization treatments signifi-
cantly alerted absorbing root surface areas and absorbing root relative volume, which were in the order of
PC>SM>CF. In addition, very fine roots were most affected by organic fertilization. There were no signifi-
cant differences between fine root relative length and surface area among treatments, except for fine root
relative volume which was significantly increased under PC treatment. On the contrary, CF treatment re-
sulted in highest coarse root relative length, surface area and volume, followed by SM treatment. (3) Appli-
cation of PC had a significant effect on weight of single fruit, which was 20.7% higher than that of the con-
trol. The yield of pear under PC treatment was 1.36 times that of the control. PC significantly increased
the content of soluble solids in the fruit, and the ratio of sugar to acid was 1.23 times of the control. SM sig-
nificantly decreased soluble solids in the fruit. [ Conclusion ] Application of PC for 4 consecutive years im-
proved the soil nutrient contents, enlarged the distribution of roots in soil, and promoted the growth of pear
roots especially the absorbing roots. Furthermore, PC increased single fruit weight and yield and improved
fruit quality.
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Table 1 Contents of the main nutrients in sheep manure

and pruning compost

/%

AL

Organic fertilizer

AL o) L i
Organic matter Total N Total P Total K
content content content content

Pk 25.21+0.85 0.71£0.01 0.21£0.01 1.80+0.02
Sheep manure
5% 3t 62.35+2.16 1.10£0.03  0.14£0.00 0.79+0.01

Pruning compost
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Table 2 The application rates of fertilizers under different

treatments (kg - plant™)
v BUR SRR ES TR
Kb 3 I HEAE IR Calcium super— Potassium
Sheep . Urea
Treatment manure Pruning (N 46%) phosphate sulfate
compost (P.0s 12%) (K0 50%)
e - - 0.70 1.20 1.30
Chemical
fertilizer
FH 30 - 0.25 - -
Sheep
manure
B - 12 0.40 0.90 1.08
Pruning
compost
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Table 3 Effect of different fertilizer treatments on soil physical and chemical properties in pear orchard

bisE o (BIAFAD) o G o CGHEALHT) wCHHLE)

Treatment pH Available N content/ Available P content/  Available K content/  Organic matter content/
(mg-kg™) (mg-kg™) (mg-kg™) (g-kg™)

AENE Chemical fertilizer 8.19+0.04 a 50.23+8.34 ¢ 74.81+9.14 b 144.89+10.24 ¢ 12.18+0.74 b

%% Sheep manure 8.06£0.12 a 72.09+1.27b 69.95+6.53 b 173.20£3.25 a 12.26+1.79 b

T SN Pruning compost 7.90+0.06 b 89.18+6.66 a 97.49+8.39 a 155.82+1.50 b 15.31+1.85a

TE : [l — S B 5 R FIFOR A I 22 53 B2 (P< 0.05), Rl

Note: Means marked by different letters in the same column are significant different at P < 0.05. The same below.

A B R R R o 2 BN RN T 25.7% ¢
2.2 AEIHEABALIE X B HR 2 A KA

H12E 4 n] 0, AR AR A SR LB R mI AR
WRARBE L 1 AR 2 AN TR AE 7 A 20, 2 B
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By AL HE AL B 1,70 75 L 1.57 f5 0 1.73 4% (<
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Table 4 Effect of different fertilizer treatments on root growth of pear tree

Total Root surface area/

FHTLE
Mean diameter/
(mm-section™)

SVATR
Total Root volume/
(cm’section™)

RIS
Total Root tips/
(X10* No. *section™)

SR SR
A Total Root length/
Treatment - ) .
(m-section™) (m*-section™)
LA Chemical fertilizer 421.88+34.66 b 0.72+£0.21 b
“f:2€ Sheep manure 772.27+114.63 a 1.24+0.11 a
Fi ZHENE Pruning compost 716.72+188.32 a 1.13+0.28 a

179.96+107.04 a 31.24+4.32 b 2.64+0.70 a
217.38+34.42 a 62.36+7.80 a 3.07+£0.58 a
166.98+32.58 a 54.09+14.76 a 2.64+0.33 a
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Fig. 1 Effect of different fertilizer treatments on total root length distribution of pear tree
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Fig. 2 Effect of different fertilizer treatments on total root surface area distribution of pear tree
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Fig. 3 Effect of different fertilizer treatments on total root volume distribution of pear tree
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Fig. 6 Effect of different fertilization treatments on
coarse root length, rootsurface area and

root volume in horizontal direction
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SRR NS 2 A0 BT 0 ISR 25 1 AR 301K 16.90
mm?-cm” A1 18.05 mm?-em™, Rz ZHH AR X 22 AR
3N 31.7% . 32.0% , S XF BRI 1.29 f%5 1 1.30 £, 22
FRE MDA FUSAHRAT A 0.97 mm*em ™,
R 20 MR AR X R R A 4.70% , 40 KR R AR

23.1% , FHXF X HE A3 55038 i1 92.1% . 57.6% , i AHLAR 14
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CR. HIH(=2 mm); FR. 40#3(0.5~1.5 mm); VFR. #241#(0~0.5 mm).
CR. Coarse root (=2 mm); FR. Fine root (0.5- 1.5 mm); VFR. Very
fine root (0-0.5 mm).
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Fig. 8 Root length, root surface area and root
volume ratio of various diameter classes under

different fertilization treatments
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Flg/he 28 BTk BARHE IR R SR 283 i F T Ml
HRIEHH , AR AR 5 oy S 28, TS A M A Ak BG4 AR
BT A R VEE . AT 2T fR A BEAR 2R
YRR e 2, iR B /b
2.5 AEHEAEAIEXTHL= S50 5 R A RN

Pgeit, AR 238 R A HENE AL H R B A1
PIHEESRE A 00 R B 549 679,618 4, 56 B hm?
v A AL KU R 660 Bk , 3 it it A AL B A4 LR 7

7 46.19~70.00 t-hm™, 32 FIAL S5 HEAE A0 2 F AR

AR X B 1.31 F11.36 4% , A BE 2 (Al 7 7E
S RN BN SR T R 163.14 ¢, 5 X
HEAH HE S 35 80 T 20.7% ; Al 4% 3 A Ak B8 SR 512 e T
Ve [ ) B e 6 BB A 1.06 £, F 2 3 AR AR SR 5
I T EIE Y & R BEAR T 2.68% , 25 ik 8 1 2
TR s B A HE AR A BT SR SR R L3 A0 A S 2 34 n
T22.7%(35),

x5 AREFEEAEXF=2 N MRS

Table 5 Effect of different fertilizer treatments on yield and quality of pear

e LiF S0 e ffi

o(ATEVEETEY)) o (AT TERT)

(AT ERR) W/

Treatment Weight of per Yield/ Firmness/ Soluble solids Soluble sugar Titratable acid Suear—acid rati
catme fruit/g (t-hm™) (kgrem™) content/% content/% content/% ugarmacid ratio

il 135.18+2.64 b 48.95+2.76 b 7.14+0.85a  10.46x1.06 b 13.51£3.02 a 0.14+0.03 a 94.89+6.19 a

Chemical fertilizer

I 142.93+8.48 b  64.03+597a  7.08+0.65a  10.18+0.78 ¢ 13.02+1.82 a 0.13+0.02 a 98.46+2.64 a

Sheep manure

M AHENE 163.14£571a  66.54+3.23a  7.05+0.53a 11.1420.79 a 13.73£1.46 a 0.12+0.01 a 116.46+6.94 b

Pruning compost

3 10 i

T IRHAE B A AR R AR o 5K
I G o SNFLA 0 R PR
MEAE A, TR 32 AN TR AC AR B2 o 300t
PEAE , 1355 th BURR AL B A4S Y B , N2 37 73Tt H]
A B 4, T BT [ A A BT B T R
FH it FHA HLAEASSU AT LUSEn 3 LAY &5 &
i v X IR AR 5 G2 RE ™, i RE R R
SR EPE IR TR, o i A LIS B R 4
i B - HEE O AR AR R B A BT . SR, A
[e] JORHAA HLAE Tt SR AN TR o Rk A S5
ARV WU Sy BF e e B, 0 2K AR
FRTHEREXT AL T R B8 R T X S AR AL B
EES o S NEIEER K7/ ey D RER e we Shate 3 903
FIBEE VLR ), L SN0 I ot DARS A3 AL T
HALREAL Bl s , LU AL FC it AL AC AL B, P2
e AT IO AL AC AL B . AR I TSR], ELE 4 a
it AR AR HERC AN 2RI T L SEHOR A
RO AT LT 5, LIRS A A A G ol i 20 75
RS DA A LT B N el
F Wit A DUIE B SR AL 3 1 A IR 4 e 3
PRk, T 2 Fa HLAC AL XS 1 HEH AR 43 R AL
Ji 5 AR AN TR, T RES AN R A ML R 5

() 53 fiff RN TA] 5 0 ik P A LR AE K & 1 T Ak
T AR LA — R S L A A i R it A3 £
e rh £ LB AR MRS FH A5 AE 3 rh o
S A it AR IE Ak 3 - 58 pHL FE 4 a i it AE Ab
PRETAIRE S (pH 8.06) MG T =7 , X Fh LS ] e S5 54
Dol i AR ZE R R, ik e e e R)= L
A AE AR HEBR R R IR R 25 5 B o it AL SR
HERE i + 3 pH FRAK AT BB 5 S F 2 MR AR B
K I A R A5 W 5 Bz AL R 3Rk e
1o AR = A R 2 kv A5G 6, X IR 4 1
i — A IR AT .

MR 225X BB AR 18 S5 1o A AR 308 A )
SRS Y S N ST VR N 187 Ny i ]
T S FREAMAERR R R LT R ATE
B A A —E TR S B e &
TP AR B A e TR R A AR 2, A I oE 45 SR R
A, K300 it RS 2 HE AR AA HILAE (2228, B4 AR
K R FRTHRL ARSSFICH X A0 AT Ak B2 f 2 18, 5
55500 DR A OE BR DA AN [) i A A Ak 20 2 3
Az A T R A T it FR AT (BFA) Fi - AL AL T 7t £k A
(OF) Ab PR35 42 55 T HRAG IS8, L OF b BRI i ()
R ZR A R i, BB A AL () ARk it A
FIF R R R A K IR R BR, A
PR 28 E KV 1) 43 A7 2 08/, T 7 3 15 1) 43
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AT SEHG I vk 3 A3 A R 5 4R 2 AP IR JR
A FUR R A R ORI 45 SRR — 30, AW
SR B AR HENE A HLIE (S35 A BEY 1 3
T AR AR R A K O 1) 120~160 cm 1 160~
200 em FIIE E 7 [6] 0~60 em 1 JZAR 22 19434 , i B
it AT BB R T BURAR R A 482 ] 1) o A
T8 L, 3% 5 A PRI e A LI A BEA AR AR R
Rk ARSI RGO A a FRIEG , JE R ARSI 5
g5 L% Bt A HLAESE I T AR R AE2 - e i 43
A—5 2 ADUIEAEE T 0~60 cm + )2 H & 5>
G2 15 30~60 cm + )2 B3 . Hh EHAR/N
T2 mm AR B WRSCER T AR, AR RIS PR Y
S R BRI IR T RERY, T ELAR R T2 mm (1)
FAR , B [E A, Sk 5 SR B DI 6e , Ay s
A HAAR AP REARE YT AR AR,
[vi] R RELAR R W SR A Y 3 ity . PRI, 2 R AL
Ak A B 2R )2 A 18 b W SORR FIORE AR 43 A 7 3
T B R T AR EFRRE S B3G5 . 3 BB R X
T3 A 4o o5 A DR AT BB 2 R BILSS AR AR B 11 Jo
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AR B AR FR AR T B A Y bk
515 5% 3 W WOBCOR BB 7, el 4 AR R AR /D
T 0.5 mm, 2 iy J& 90 26 {H I 0 e T i R AR R
YA JE ELARTE 0.5~2 mm, RERE WL UR G2 Fi /K 435 77
g3 AR B AR A AR R, T RELAR W W e ) R 2%
W AR 2R 0 2L 32 it A %) 52 W 5 K, 38 it FH G
HLAE XS W MSCAR A K TG 52 M) 8 A7 A — o B B 1 410 i
YERT, MR 2RS35 ELAR 3, A= 9 i s /07 i il
A HLIE A A F OSORR %) & AR R AR K 32 Tk
HRAE AR 22 v B o 1 B3], 8 AR B AR
MR R TP O T AR R A e R
YIRS 5 SRR I BE ) B . AKEG 2 B
A AL ) REAL A 3T W SRR K 3 % B 3 1 AR
JE AR B K45 BT R E A 3R TR A Ak
L ULBA A HL(S8) 8 B it FH BE 5 41 32E B AR Iz s AR
B A X 5 A 1 A5 PIE 5T AN [R) 7 55 A RE AR [
A HLIEXT B AR 21 6 39 AR RIS B I (5% 1
K BB N AR A HILRE A B T O S AR AR

K AR R R ARG 0 A 25 A — 2, FaR S
TR % B, A A HERE AL TR, 290 AR 14 4 X R A R A
T %, 2% PR 4% HE BB X B 40 4R A A0 AR 1 A K 1
A EE IR AEMOBOR AR K i £ 2 Ty T, A AR
HE AT Ab B 5 T 2R A B

R RIS 25 R 2 BH it FH A HLAE REAZ 3% Jin 2%
S RS S T, (K A RO AR R AE R
[ AFAE R RN 3, i B 2 e 1) R4S, U0k sl i B 2 4
W, PR R TR, AERAHEIE X AR
St TR A2 T, Sk Y SCERIEST S Y R SR HE AR X
TS i FIS R B S M A o 22 5, XSO i
TESE 3 a i A 2 HERE (4 FH TRIRCR TS H |, B A AR Y
Jits A E T A BRI B R i BN, (X B 1 52
M) 5 A A FEAR U 3 25 5 o AR I 5T 245
VR, 55 HUEFERE R R Bt A i AL AH
Fb it PR 5 A (2 1 fin 1 AL R B T R
i AR TSRS ] T R SOBE R H Y v
e X5 P RS L 2R 3 alifs S TR A HLAIE X
7=t R SRS it B P 5 I AT 9 285 SR AR A L SR B
Jite B 25 HE AT 1] 2 o] 348 ™= 1SR St I el 3
XA £ 52 0 AT BE 2 D A AR HERE AR S 47 A L
B, AR B F2 50 BN RS A Tl 3
NNEERIR R Gey/ P i ¥ 08y | Wi = 2 ct7/000
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