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Abstract: In order to solve the problem of low water and nutrient conserving capacity of sandy soil,
five-year-old Fuji/Malus hupeheusis Rehd. was taken as material to study the effects of biochar and
compost on soil water and nutrient conserving capacity and apple growth. The results showed the
percentage of high quality fruit, single apple fruit weight and apple yield of biochar combined with
chemical fertilizer were 70.21%, 261.92 g and 59.62 kg, respectively, increasing by 43.40%, 15.21% and
36.06%, respectively, compared with the single hole application of chemical fertilizer treatment (control) .
The content of fruit soluble solids and vitamin C increased by 7.10% and 30.30%, respectively. Biochar
combined with chemical fertilizer increased soil available nitrogen, available potassium, being 153.58 and
142.2 mg - kg'l, respectively, which increased by 15.69% and 33.27%, compared with the conventional
fertilization treatment. On the third days after precipitation, soil water content of biochar application was
36.65% and 27.92% higher than that of upper and lower soil layers respectively. After one month
evaporation, the soil water was still 56.65% and 45.79% higher than the upper and lower soil layers,

respectively. The results showed that the combination of biochar and chemical fertilizer had significant
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effects on soil water, nutrient content, yield and quality of apple fruit in sandy soil.

Keywords: apple; biochar; sandy soil; yield; quality

Wb IR 7K IR BE 1R s S B AR KU, (EVr=EA &, JCHAES DB X, /B
PR GREM 5, 20100, A 7 BIFHIRERS RHOK S R FRSIIHEL, NITHT T3 T3
W, WE T EREMHAYAE, DU H BRI KR — A oA, (X T EE RN TR R
JAELZ ANUERN, B0 AR BRI S m i — R RN . MRS (1984) $&H 17U
REZKEE A BEA R T 5 DX R K o R 32 oy b, $REER 8, HEERBF IS, H
VER 1280055 IR DT FEfaT B O S R A /K IO S BRARE AR Sy B2, R PR 7K IR A T b
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1.1 RGP R R A0IE

AT 2015 4F 11 H 2 2017 45 11 HAE LR U 17 5¢ 1 B B )5 SR8 v 1) 5 A S SRR
AT, WFCARE 6/ F BEA (Fuji/Malus hupeheusis Rehd.), #R1TEEN 3 m x 4 m, WIEYiHEE,
WA, HH s B BT . b HIEA +, HIEAENR SR 971 g kg, HBA
108.74 mg - kg, WA 12.42 mg - kg, WA 92.33 mg - kg

w3 ANMEE, Y. HERERALAE (W, MBS E D . 78 SRR PR K 2R M T S AN K
60 cm, % 50 cm, IR 40 cm 3T, BAYINEA 5 kg FIAEDIREGEE, FRBEAZAEE (N-PK =
15-15-15) 4 kg, AJEHE T, SR GEANLIE. 3 ¥R 1 DNER, EFKBEERIAAE 56 H
BN 6 REE

R R RAC A A TS (B RIS B BT R, HERE t T KRS FF M0 R, SEA AL SR AR I
1, IR TR KA, A N-P-K = 15-15-15 FME S IERL. HABF 2013 45 11 HAE, &
£S5 A9 Hamiie, He s ARAEE S 80%, 9 A 20%.
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Table 1 Basic physical and chemical properties of test materials

K} H S/ (uS - em™) 4%/ (g-kgh &R (g kg 425/ (g kg™
Material P Conductivity Total N Total P Total K
4% Biochar 9.32 670.33 0.73 3.72 16.65

HEE Compost 6.96 1389.67 0.82 3.43 9.49
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1.2 NED B K&MNE R E

FEFR BT 120 ~ 150 cm AT 1AV AL R AL A EURE A, 3RS KBAERKIGESE 3 R A4 1 MAEKR
JEE, KF SPECTRUM TDR300 +-#/K /e, T R4 2: 00—3: 00 M5E; ®4E 10 AYISE
BRI R RS, IR ECR A B2, F Tector 5020 JRahiE St /M ikl s ; 135
A R BRI EAIR A, AT IR RO RE, B USRS R HOR S KB BE TR e
(ffi£=H, 20000, M F 4K & EH SPAD-502 B FREAIM- SR R AGEATI & s MHa RS HUE H
J&[E Hansatech 24 &) 42 7] FMS-2 ik i il 258 a4l , iAo 14 102 00—12: 005 HRRECK
FH &R 28880

S T TSI A T S T AR A 3% T YHKC-2A Bk o 5 I 2 00 58 ;. mIys PR ey & %
¥ efGENe; 445 C SEM - &MmEmiieg; v e RS 2R ARG .

Rk E = BEALERUG PR 100 N RLEFH R RFE < bk B SRR S HS
RS, FEfE > 80 mm N H

TRIGH K FH SAS8.0 i F A& Excel2016 #E4T E# AL FERIGE 120 #T, KRS I8 5 2253347
ZEIE (P=0.05) .

2 AR5

21 EYRMERFEHIEM

it 2016 EREHE (R 2) WTRIEH, fEAEGENCIERIRE EENAEYR, SE 5 R 5 E A
FREFEE, A AL S AL IR FRER T T 11.07%A1 36.06%, R FRmm TR, A
RIS HEAEANERAR LY, Z 5 ARIAT R ZE KT, 2017 4E, EVpmR S HEAEAN IR () 3E B rs B R T Rk
K, PRk B, BRI B AR R B T X,

®2 FRLEEREER

Table 2 Different processing apple output indicators

A hb Hpk kg T kg TR/ %
Year Treatment Yield per plant Fruit weight High quality fruit rate
2016 HE (X&) Chemical fertilizer (Control) 43.82+1.68b 235.81+7.08b 48.96+3.42¢
HEE Compost 5385+241a 245.35+9.55 ab 69.24 +4.72b
AWk Biochar 59.62+2.42a 261.92+1.68a 7021+3.71b
2017 EHE (X&) Chemical fertilizer (Control) 60.65+2.21b 227.33+12.78b 5226+242¢
HEAE Compost 75.82+9.89a 27214+ 1588 a 81.07+2.48a
VIR Biochar 76.86+4.11a 310.01 +£21.78 a 8472+ 144 a

TE: ARFEG bR ARG TR 2 R R IR BE K (P<0.05),

Note: Differences in data with the same letter in the same year were not significant (P <0.05) .

22 EYIRIS TIRIK S EIF R

SrAAE 2016 27 H 21 H (BEMJEEE 3 R, FE/KRERN 61.9mm) A8 H 21 H (&id 1 AMHZ
RIa) AR L E S KEIAT T .

SR (E D R, BKIES 3 RAEVIRCEGESA LT HAEX I (20 ~ 40 cm +2) T3
MEKRES, HEKEN1883%, B b TLZESHTES 36.65%F1 27.92%, LLXTHEAFE (FKE
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14.37%) #2557 31.04%, HEREALFHIEX IR (20 ~ 40 em 2 E/KE R 19.80%, &Em T4
BALFE

EMEEE 1 NMAERENARE T ZEKE AT E (B 2), AR R b 35 itk AR X 35
(20 ~ 40 cm 1J2) TIEMEKERN 11.78%, B L. FLZHE 56.65%H1 45.79%, 53 & 5t
T (CB7KE 7.63%) . HEAR AL AR X 38, (20 ~ 40 cm +2) E/KE N 13.70%, BEm T AR,
X UL AR B B E SRS IR ROK R T, HAR KRR S HERE Bk .

25 1 B ABAE (X HE) Chemical fertilizer (Control) 16 - EMEIEGHHER) Chemical fertilizer ( Control)
723 #EAL Compost 723 #EAL Compost a
& H:4) 7% Biochar a 14 - & 44 7% Biochar
L i b
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Fig. 1 Soil layer moisture content in different treatments on Fig.2 Soil stratified water content under different

the 3rd day after precipitation treatments one month after rainfall

2.3 AR HIEF BN

SEAFVEE T TR0 S EATINE, 4 0. g%g%(éifi’)oshemical fertilizer (Control)
I, AEVIRBATARIRS, T o kB s
HEAEPERE. K3, (ERIIEX I (20 ~ 40 cm 2F ol ; a
EED EMRMEERA A 12088 T8 :
mg - kg', B FEERMT 19.93%F0 1 /

20.20%, BIE G AR 112.27 mg - kg™ g2 ol

BLR T 15.69%: MIMASHEMEA RN 19220 BE ’

mg - kg', B, FTHEERST 2083%AM -l

20.05%, HHRE ST BRI S o LB i

0.49% .t 5 M LA B34 M L X T e Sl
T HE AR B B DA R R AR Sy, AR

RTAM 5. E3 SMEFRERETRELARSE

Fig. 3 Available nitrogen content in different depths of

AT S (B 4), 7EEE X 5k each treatment
(20 ~ 40 cm T J2) AR ASIE BT BN
11.57mg - kg', BT L. FHE, BBABEERIT. HRAIA AR 1552 mg - kg,
BE. TR 21.25%F 29.55%, SALSHAL EAL B L% A A S Bk 2.64
mg - kg', ERIEEEKT.



UG, AOCR, Mg, AR
A R KGR B AR K R M
[l 2 %4%, 2019, 46 (3): 559 - 566. 563

AR A FRRENS B R A A (B 5. TEREAEXIR (20 ~40 em +J2) AW R A HEHERL
MEEN 16323 mg - kg, MEETHE, THE, BWRET 33.27%, SHICAEZE R AL E,
HERE &b BRSO A BN 153.58 me - kg, MlEE T B, THE.

EALAR (B HR) Chemical fertilizer ( Control ) EALAR (B HR) Chemical fertilizer ( Control )
180 o anp Compost 180 r @3 #EIE Compost a
- 16 1 B 445 Biochar a7 160 - B 44 7% Biochar a %
%o %’ a ab b % A ~5 140t e
“ 3 ” - ¢ a o
o 8 i 5120 - a
£ B o §
W = EZ 100 |
z & :ﬂ; 40 &
smmmw 20 |-
e 0
0~20 20 ~ 40 40 ~ 60 0~20 20 ~ 40 40 ~ 60
12 /em Soil layer 12 /em Soil layer
4 ELETEFRETREHHSTE 5 FAETEFRETREZFSR
Fig.4  Available phosphorus content in soils at different depths Fig. 5 Available K contents of soils at different depths of
of different treatments different treatments
2.4 HEHRITFERIRZNFN
ii%7kéj\&?%§3\>{ﬁﬁﬂg &%7 LK\XHL—%F"A%E@ 187 HMEABHEA Fertilization pit
MRAK = . JEHEAEST Non-fertilization pit
YRR R ESER (B 6) K, P
1E 20 ~ 40 cm )2, AEW R A ER it BRI N T ‘,ﬁé
KM ERE R 131 %, AR E RS sﬂé%’
S N N NUE =
81.9%. HEACALFRFEALLTA T IR R BN 123 “
%, BAERIIEYTHE R 38.2%. AEWR 5HEEAL
HUA M E ARG R, EL AR BEAE e IR AT N AR .
Y N Il r 2 T 3 ALHE T HR) HEAE MR
/% i&% 4 Z: M o EI )[—J—&L#%?j% E& ':lj BEHE IZ: ij Chemical fertilizer Compost Biochar
(7K 3 Ko 35453 R0, A ) T e S R AL 14 5 (Control)
ARt T ARRR R 6 FRABERRREKRR

Fig. 6 Different growth conditions of apple roots

2.5 EMRIMERMTHAAEMHRAZM

TR B TR RGO, R T AR R I AE K RO 7R 4 IR AL, 33 1 s e SRR A b3 AR
FEFEM F 23S B SPAD {HR/R (ElE %5, 20060, £ 3 M4 RRHEY R LI F SPAD
RS TR, RO IR T 18.34%, SHEAEALIE 2 Rk B B E KT

N AL TR R AR, XTSRRI TR AR AT T . AR R TR bR R T
R EEREREF RGO eI, L. FEEL. RCSE (ZBK 55, 20100, AEWR AL EE T
Dpsii~ FylFy 1 FylFy 50 T IR HE R 4.2% 7.8%A1 15.6%. PS 1T & KA 2ERR AN PS 11 7E 75 14
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{E R UEEA PSI1 SR H L A RE A HE 0, PS I 7P 40 U A e RE 6 A s v, s I (1 5k 7]
WRREZ e, AT YRR HEIEA PS8R 5 MR AL B2 R RIS BB 2K, H
2 T

*3 TRLENERMHRAEERMTE

Table 3 Effect of different treatments on the properties of apple leaves

Qb7 Treatment SPAD Dps i F/Fn F./IF,
FBAE (XHEE) Chemical fertilizer (Control) — 57.72+1.04b 0.601 +0.006 b 0.808 £ 0.007 b 4524+0315b
HEJIE Compost 64.41+0.56 a 0.625 + 0.008 a 0.868 £ 0.005 a 5.117+0271 a
AWk Biochar 68.31+1.08a 0.626 + 0.005 a 0.871 +0.008 a 5.228+0.435a

i Pesi N PSITETHL Fu/Fu 8 PSITECAIGALSA R, FF, 9 PSITEEIEE . [FISARA A RN G 5B 8000 22 5 R ik B 2 K1
(P<0.05),
Note: @pgn is PSII quantum yield, F./Fy, is the maximum photochemical efficiency of PSII and F.,/F, is potential activity of PSII.

Differences in data with the same letter in the same column were not significant (P <0.05) .

2.6 FHRITIERRS RIS

N S SR B S ST FRARHEAT TR, 45 SRR W AR R AL B SE SR A BB S (R 4),
HAmfErEE ML R C S ES MR IREZIRE T 7.10%F 30.30%; RLMEE. nlEEmR S
B 3R 2 R ARTA R T E KT AR S HEAEAL BRSO IR B R T T RIE B4R R C S B
AR A PR 4 AR A B 8] 1 FR AR 22 S AR R B 3 KR .

®4 FRLEERREIER
Table 4 Different apple quality indicators

s TR /N AL T % £ % C/ (mg - gh) AL E R/ Y%

Treatment Hardness Soluble solids Vitamin C Titratable acid
FBAE (KHEE) Chemical fertilizer (Control) 36.75+0.96 a 12.68+022b 0.099 = 0.005 b 0.485+0.02a
HEJIE Compost 3550+ 1.49a 13.46+0.47 a 0.119+0.002 a 0.465+0.03 a
AWK Biochar 35.18+2.29a 13.58 045 a 0.129 + 0.006 a 0.455+0.03 a

e RS ARR/NG - BEREEE 22 7 R 18 B KT (P<0.05),

Note: Differences in data with the same letter in the same column were not significant (P <0.05) .

TEARIG AT T, AR LIRS A0 22 AR A it A a3 & 7 /0 o Rl 3 R =&, I
IAEYD R AL ER 20 ~ 40 cm LZEREKEEE 3 RE/KEE BN LR34 36.64%H 27.92%, 4
1 ANABIZERG 20 ~ 40 cm T2 FKER BT 25 535 56.65%F1 45.79%, it FH A= Je HE
JE 53 T TR E AR E, B SRR & Ut T LLAE — AN RE R RE K 2 (FREE, T8 %N 5%
HREBE BB A BURFIK 5, HAE G BIRFEL LN E R AT (Basso et al., 20135 %2Hf 55, 2016). 44
A IS B BRI R IE RS, BRIk — St F e s D LI FR ik es, AR Tiss
SRt 0 AR A R (4 A0 B 35 AR R S U B B ORI A DX 3853 R = T 15.69% 1 33.27%,
IX 7843 Uk BH AR ) )it S8 0 T IR ORAERE T, T R /K PR A BE T B3 5 2 250 S I K o T 374y
ISR, 78 F TRDIRAS B SR8 1 B K BRI fbgs, (RS AR X2 T AR 55 50 e St it
RE 70 0 RAE L IR AR FEVE R
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I 3 SRR FOIRBL AT B AL, e FH AR 3 PR SR AE Tt I T AR 2R BB R T I DX s B S
e, BN 81.9%, Xt THRABAFUKFEIEHE (il 55, 2015), KIEFAFRISE IR
AR T RUFAAERIAEL, JCHX 00 IR R ORALRE 022 1) L3 m] LAAE B OR A1 T Se B “ A
TG AR FRABREES o AR AR I AR BoK 70 77 0 IR I AT 2 fle it B3Ry i AR K (H
& 5%, 2016, AWFFT At ARV R (AR BE S R 2g BEW R I, 2R B, T U it
TOREVEM, DIt feRt 7 AR e RE MR AL AL R, i il FO A BB /1 L] (Fu/F
LR RMMEERR (F/Fy) 17T, WA R A BEFE O A BRI RN R, fedt T AR [FIL
MR, REE TG BRI RGEAT , IO E PRI R K= B et T RS0 OB 4,
2004), SERRPEHEE R T — Rl it AEYR A BEAR T T AR R A% Gt A NE T R 35
r TR, KT RR R R BUR AR RS I, R AR SR R
el AR SR B A i B A B vy, 10 ELSESRBKCORVE G, BE ORI R B KL SRR, Dk
FRW ARG E Y B E AR, SEPRW S AR IRV A0 PR 1) SR S RN E LR AN B2
AR AR AR I 0T PR L Y S, XU A IR 7 KoK o0 (R W (AL L e i AL S SR E R e iR B
K, SEHmER.

EMIRAT AN HURFE Y RALIE (1774, s FN 3R B R GE U 2R i L
(RI7K 53 B 753 R0, 308 T 5 S R L L0 i ) SR el K IR Vo0 BA B S B Lo RN AR )
RAELIRAPONERE, REA R ERR, FRRIR = A, BRI X BAT R A S
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