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Effect of bioactive compound on soil nitrogen utilization,
growth and development of ‘Fuji’ Apple in orchard

DENG Mingjiang, FEI Libin, WANG He, KONG Lingxia, WANG Yi, XU Xuefeng, HAN Zhenhai”
(College of Horticulture, China Agricultural University, Beijing 100193, China)

Abstract In order to improve the efficiency of fertilizer utilization in apple production and solve the problems of tree
growth, difficult to flower and fruit quality decline, caused by large amount of fertilizer application, four Red Fuji
orchards of different tree ages under normal management were selected in Yan’an City, Shaanxi Province from 2017 to
2019 by using self-made bioactive element compound formulation. Treat with conventional fertilization (control) and
increased application of bioactive element, the effect of bioactive elements on the orchard nitrogen utilization and
growth and development of Red Fuji apple was explored from the aspects of soil physical and chemical properties. tree
growth and development, and fruit quality, The results showed that: 1) After the bioactive element treatment, the total
nitrogen content of the soil increased by 4.69% ~51.35% , and the improvement effect was more obvious in the young
tree orchard. 2) After treatment, the number of flower buds of young trees increased year after year, with an average
increase of 58.42% ., and the proportion of flowering trees increased by 22% . 3) The fruit yields and aroma of the 4
participating orchards were increased. 4) The partial productivity of fertilizer in the 3 orchards increased by 11.32% on
average, showing an overall increasing trend. The application of bioactive element can promote early flowering and
early fruit for young trees, and increase the yield and quality of mature trees. In conclusion, the application of bioactive
elements is an effective measure for the efficient use of fertilizers and high-yield and high-quality production of Red Fuji
apples in the Loess Plateau.

Keywords apple; bioactive; fertilizer utilization; number of flower buds; fruit aroma
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[ 1992 48R, [ 0 SR i — H R A
NP, 2018 ARG TE AR 193. 86 X 10" hm?, P2 it Ry
3923.34X10" t, 43 5 o th S 3 S A b i AR 7
[ 37.42%F0 51. 482%™ . H Al o E BB B K
SR S oA X3 T e 7 A R e RS SRR
o e K P AL TR IX . AR 2018 4F L BRI A S
SRR AL 59, 76 X 10" hm? , 7= & 1 008. 69 X 10" t,
Bk o S R PR A — KA

A B XoF 384 A gy 7 R e 3 A 7 TR
EREMEH . B TREBEZHAF &, K
TE AL RE 4 07 FH AE 32 SR A= 7= v, b &l 0t o
ik 400~600 kg/hm® , 76 4 3 A 7= K ik B 5K 1
PP e B I B e R AR R X Bk P b
DX, AR BB 3 o 8 A B 42 e Lt s L DAY T B Sy 491
RBE R IE B A A L BRI R 99, 396,98, 7%
1100965, ik ot AR BB S A i B T 9 R IR B A0
JEELA 2R B, 80 R AL AR 2 DL e
JK % A SR 1) R ) Bl AT e R 4 A B 2K L RN
Az BEPE R E M . Rk, ST DR M R B A it
JEASE 3 A a2 ATk i 2] FE 0 S SR R o A ™, 5 R
] S SR P i T R R

B2 I A P 2 AL A AL 0 6 1R 28
T NE ek 25 24 T A1 A ARk v 2R 4 e R S Y 7
AR T FEE 1 2 BT b it A o TR
JIE 5 0B 0 02 5 M A Lt FH TS L AR T SR S 7
LY R RN R IR = N AN o ST
L T A W RE RS AR R T it T el - AR
JT S AR R A AR A $ i SR S i I FLICE P AE Rt

560 0 i AR I e it R RT3 A2 SR IE R AR L
SR e 1 v ) K ) SR R AR L Y G SR S R v
AP S ECHE E 5 R 4 2 6~6 ¢ 4 28l H Y
AT FRESEE AR AR T A L AR b XS S R
i A 10 26 it A 5 W 25 0 Rk AT A 2 S IR 1 AR K
KA AR R A 7 T 43 o0 4 R 18, 2100 AN
31. 20 %M,

AHEFE DB A e P SR AR i AR A X Ry
I A ) B — AR SN 5 R R AT R ED
WG R 2 DB, RSN ERKE
BT W, DT R A A M R G S SR i
st JBT ) S ) LA B A B e AR E ) 56 05 T B 2800 DA
A5 B E R} w5 0 FH RN AL AR B AR 1) B )

1 #MB5FE

1.1 RIGEHR

20172019 4E7E PR VY 4 1 22 11 5 8% X AR )1
SV M, A o0k B 4 AR AR RE AR A SR Bl (SX-1
SX-2) Fl 17 45 A Fr AL Al A Il (SX-3.SX-4) #E 47k
B, SX-1 F1 SX-2 HFHATIE R 2 m X4 m, 5 H 83
PR 3 SX-3 Fl SX-4 REBRITHE N 4 mX4 m, B F 42
FRo SX-1.SX-2 fi1 SX-4 S [l 2 DLt FH AL AR A == A9
Az b SX-3 B DLt A HLAE Sy 0 AR 7 2R
bel o S22 T A T 8 b I b JE R R I R T
R Bl M 2 KU s AR F )RR 9. 9 C O AERE
JK B 507. 7 mm,4F H FEAF 4L 2 448.6 h, 2017 4F
B RAE 4 AR e 9 4 HERE S I D0 B AR
JE, ik 1 s,

1 BFRARELEBEBHER

Table 1  Soil physical and chemical properties in the 4 test orchards
WiV 8 A 40 o 3 B/ A I A Sy B/ T CE T A A H/
S q (g/kg) (mg/kg) (mg/kg) (mg/kg)
Orchard P Total nitrogen Alkaline nitrogen Available phosphorus Available patassium
mass fraction mass fraction mass fraction mass fraction
SX-1 8. 46 0. 39 49. 83 6.63 92.13
SX-2 8. 40 0.52 41,77 16. 57 124.08
SX-3 8. 41 0. 54 57.85 15. 80 164. 82
SX-4 8. 20 0.82 84. 48 18. 82 155. 46

1.2 K&t
TEAE A3 S ] 36 B 30 Ak A 1A {a 3¢ LK A

[l B4 A Ak 15 Bk 3 DL ML HE (CKO L 55 15 BR A

2017—2019 FE B4R 4 A A1 H 06 A0 A 1548
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it 2B Wi M R AL B (BIOD L BR it 2 A0 i Hoe 4 B
FATA) o A2 W05 P 2R (BLOD S AR #F 5 141 BA T & 1 — 28
A U %0 WA L) R B A e R
Fi% 52 IC 150 e P ] Sy 362 R W0 4 5 25 B 0T AE i

AW PR ER B O 3R < AE TR e A B Y b
T KGR R 20 em 1Y 50, B AL TR
B EERS LIRS E AR, %5
SRR RN 2 PR

®2 EREANEFLERR

Table 2 Specific treatment schemes for each test point

Ak A it FH 2 / (kg /667 m*)

A UL TE 1/

] Chemical fertilizer application (kg/667 m?) ﬁi%{ifi;&;mi/
g
Orchard i Organic fertilizer . . o
N P, O. K, O At o Bioactive application
: 2 2 Total application
SX-1 11.62 8.30 5. 81 25.73 20.75
SX-2 6. 64 4.98 3.32 14. 94 597.00
0.25
SX-3 5. 88 4. 20 2.94 13.02 1 155.00
SX-4 11.76 8. 40 5. 88 26.04 302. 40

TE A WU A 2638 NP Os Ko O 11 B 543 B0 0..86.,0. 62071 0.5% .
Note: The organic fertilizer is Sheep dung, and the mass fractions of N, P,O5, Ko are 0.8% ., 0.6%, and 0.5% in

sequence.

1.3 MEmMBSAZ*
1.3.1 3347

2017—2019 4F 1 B 4F F 2=, 76 85 57 R R it T A
5~10 em &b iz H1“Z7 I BOFEVE: R 2E 0~40 em +
ErHIERS B3 EHIEG N LM ER . B
PRI 3 WH A . SR AL 2 8 pH; Bl 4
P05 A HE O R AL S s NaHCO, 12 $2-51 460 1 o
P A O i SRR R KB TR
I - o A% i) 2 1 AL I AR 2 R A
ik, 2019 AEFRZE IR ) A e DY
1.3.2 #AHkig4r

2018 4F 4 H b A)#E47 it i A= 9 3 1k 2Rl g Ak
S 43 AIAE 2018 4EF1 2019 4/ 12 H A7 1A
BRI RAE . 78X JECRT A= 1 3 1 3R Ab 3 A4 4% AT ik
10 AR AR 0 A2 bk AT A5 AR R 5 AR AR
B GETTAE 2R B s 45 AT 1 3 MR 32 SR, 4 R A 3k %
R 5L A AN ) 5 1] 8 10 AS— 4R A= Al I G 5
[ ANHC, THRE T T B . 1 A BE = R 45K /1 1]
AE, 20182019 4F 4 JT I A 3P SRR T AL 1 O
7E CK 1 BIO AT 3% 10 PRIERRE R RATE 3 4>
KK 80 em LA AL Ge it AR P £, 1155 100 em
R AE P B, W A T A6 3 04 SR e, 52 11 Ak
B, AR A R = AR R AR /R B R AR X 10026 .

1.3.3 R % & EAH

2019 4E Bk RIS - 7E CK Al BIO £ i
5 BRI L S8 TR R A 1 25 SR BEG I RE R 3 A
AT 7 I SR S48 1A b 15 AN RS, I SR 5
B SR B R L I R SR AR L T
SR TE 48 B85 W SR SR B T DR W B T
TEPERE S i CEUR e a3 A nl i 2 1R 7 1 (NaOH
i) . fE CK A BIO Hh4% sk 48 3 AN 52, 83
20 A7 7] 2 % R S A SR AR BE E AT E WA L R (O
O3 B 43D (2 43 R H (3 40 AR IR S
S EHE .
1.3.4 et > it Ak

NE¥Hi 4= 7 71 PFP (kg/kg) =
Jiti A S A 7 ek / R 4 35 A 3 B

1.4 HESIT

JIT A B Excel 2010 #E47 04k 1157 Fn 1&] 22 4b
B, SPSS 17. 0 GETH 8347 J7 22 43 B AR & 1 43 B
(P<<0.05 #nZEREE.P<0.01 LFRESWEE,

HZREHH

AW EE RN T EEA SRR
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R D A A R 1 R . 7R 4 KR
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Fig.1 Changes of soil total nitrogen content after bioactive element treatment
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SX-3 SX-4
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EI4 A A AR B 0 B A (H AR fb R B 2, [ R A
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II II
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Fig. 2 Changes of soil bulk density after bioactive element treatment
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B A W 355 R 2R ) it AR AR AR B AR A KR A G R
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S BUAERE ) R e ORI L Rl . 24
PR R ES AL I 2 42 )5, W3R 5 FioR . 18 Fi 19 4E4)
B (SX-1.SX-2)BIO 46 2 % it 5 CK A L 47
FEAS TR RE B A 38 n L OF 31 T8 58. 42005 Hirp 18 4R
SX-1 [ BIO Wyfe 2% 5 CK A1 LG R Ry W 3
B, 2019 4F SX-2 L W) 3% B O A S R . BR

2019 4F SX-3 S A6 7 1t BT B A e R
BIO 5 CK A Eb. 2t 8L T A [5] 72 B 1% 42 &5 .
SX-1 S Bl Rk A SR HUA F8 43 4l Bk I A8 L BT LA
Gt H AR B e ] & B SX-1 B BIO By i AE
RS CK AH A % AR 4R m a3, RIS 2018
A 2019 R34 5 1020.34 % DA ST A R i
B L 2B W 0 1 R A AR ELTE S i b AR
LR

x5 EYEEERERAEFMEFTL

Table 5 Changes of flower buds and inflorescences after bioactive element treatment
) b /4 WAL L
ol AL # Flower buds Flowering tree proportion
Orchard ~ Treatment
2017 4 2018 4= 2019 4= 2018 4 2019 4=
SX.1 CK 0.0040. 00 30.00+£5. 24 89.00+38. 20 20% 51%
BIO 0.202£0. 20 80.20+19. 83" 92.40%6. 00 30% 85%
100 cm A% 2H € 7
100 cm branch group inflorescence
CK 30.20+3. 30 37.20+3.48 11.6041.03 - 15.00£0. 80
SX-2
BIO 42.80+4.62 40.40+2. 34 19.80+1.62* — 15.00%0. 80
5X-3 CK 248.00422. 37 199.00+32.93 259.80+14. 60 14.00=%1.50 17.0041. 00
BIO 256. 0026, 20 222.80+34. 38 249.60+E17.68 21.00+£4. 80 12.0040. 60
SX4 CK 258.60+£51.51 380.00£67. 04 468.80+16.69 14.00=£1. 30 23.00+£1.10
BIO 353.40+£60. 82 378.80+42. 81 485.80£20. 43 18.00=%1. 90 27.00%£2.00

2.3 EYENERMNRIFERRNZME

2019 A 50 S R e 78 A W 1 R b B S L RS
AR I R 6 FroR . g R (SX-3,SX-4) BIO
ML E S CK M & A B2 A 34 ik w
(SX-1,SX-2)BIO Wy R H A . SX-1 R [d
BIO sl i 5 CK A B R R T 15, 6620, (H &5
B 2 A bk & B JE; SX-2 R R BIO
PR ER DS EHFS T CKEE T 12.61%., b,
EZ € TR {RE S Y/ RETR o L eI ] I =T S
SX-1,SX-2 . SX-4 43 Rl 8. 40% .16, 56 % .8. 95 %,
Ui 2R )T VR R B AR T BLZE S iR LA
FHAY S 2 .

2019 AR 50 S R e fE A s R AL )R L
RTPOR R THEEEIEY & & R N8
JE AR S R AT E R T EE L E A

A= T T R A B AT R S A A, 5 % R EE
AR A 5. 26 %0 ~46. 15% . H DL SX-3 el i W i .
2.4 AYEMERERMEESINEME

FEARGS Y 4 A SR Bl v, A2 T 2 AL B 6 IE Rt
T A== 1 As Ak an 2 8 B, #y i R bl SX-1,SX-2
AR IR B SX-4 BIO 1y I8 BHiw 4= 7 1 5 % BOAH
oo 2 4 12,59 % .16, 55 % F1 8. 95 %0 AN 4 S
SX-3 /INIE T B 0,55 % o 43 #7425 S el % B it A 4
Jiti s 2 B0 SX-3 Sl Ay N Ak it FH = A v, A IE R A
SRHNBRAR 00 5 12 R el 3 it A ALAE (98. 21 %)
EER SR (TR (1T a? S - N UK 0 o1 e B e
LB ) 66. 67 %0 (SX-1),96. 00% (SX-2) Al
87.80% (SX-4), KUk, 4 ¥y ik ¥ % 66 0% 42 = LA it
FHACRE =5 A S Bl k) T 238 LA &) i SR bl 25 2R
W
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Table 6 Changes of fruit yield after bioactive element treatment
P3| Ak 7 IR /g bk it/ kg ;e it/ (kg/667 m*)
Orchard Treatment  Single fruit weight Yield per plant Yield
CK 174.67£8. 31 1.224£0.06 101. 48
SX-1
BIO 147.324+12. 72" 1.3340.11 110. 05
X2 CK 291.14=+5.81 17.54=+0. 35 1 455.90
BIO 327.84+6.16" 20.4540. 38" 1 696. 95
SX-3 CK 238.62+8.61 73.9342.67 3 104. 82
BIO 239.48+9.35 73.5242.87 3 087.90
sx CK 268.12+£6.75 123.8743.12 5202.61
BIO 252.73+8. 21 134.9644. 89 5 668. 33
®7T EYEFHZELERRIMRTK
Table 7 Change of fruit quality after bioactive element treatment
. APV PERE TR W R A
B S YT Y ¥ % 8L/ %
) 18 e PRI R (] ()
Pl ik 3 - ik 4380/ % | , LEd
Fruit shape (g/cm”) Soluble sugar Titratable ]
Orchard Treatment Soluble solids Fruit aroma
index ) Pulp hardness mass acid mass
quality score
fraction fraction
SX-1 CK 0.86+0.02 14.93+0. 49 654. 9047, 16 18.70+£1.59 0.132£0.00 1.4040. 16
BIO 0.86=40.01 15.00£0. 49 591.78+£19. 35 20.8540.78 0.13£0.01 1.5040. 17
SxX.2 CK 0.87=+0.01 14.704£0. 46 357.48+£26.92 20.86=+1. 06 0.112£0.01 2.20%£0.13
BIO 0.87=+0.01 13.23+0.61 409, 50431.51 19.84+0.52 0.1340.01 2.50+0.17
S%.3 CK 0.81+0.01 13.93+0. 23 360.00+30. 16 19.62+0. 80 0.13=+0.00 1.3040. 15
BIO 0.84+0.01 12.60+£0.21" 328.84+15.11 19.76+0.52 0.12+0.01 1.904+0.18"
SX4 CK 0.90+0.02 12.23+0. 34 376.81+28.06 18.37+£0. 63 0.13£0.01 1.9040. 23
BIO 0.8540.02 13.80£0.35" 359.51423.95 18.58+1.67 0.13£0.01 2.00+£0.21
*8 EYFHELERREEMFEESNNTK
Table 8 Changes of fertilizer utilization after bioactive element treatment
‘ BB L4l 35 r AR/ (kg /667 m*) B 2 7= S/
SRl b ¥ FedE/(kg/667 m*) o
Pure nutrient input of (kg/kg)
Orchard Treatment Yield
chemical fertilizer PFP
CK 101. 48 3. 89
SX-1 26.12
BIO 110. 05 4. 21
CK 1 455.90 55. 38
SX-2 26.29
BIO 1 696. 95 64.55
CK 3 104. 82 90. 39
SX-3 34. 35
BIO 3 087.90 89. 90
CK 5202.61 178. 31
SX-4 31.79
BIO 5 668. 33 163. 66
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