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Effects of soil balancing fertilization on growth and development, disease and

soil physical and chemical properties of Ziziphus jujuba cv. Jinsixiaozao

HUANG Sufang', LI Junying’, SUN Wenyuan', ZHAO Huaqi' , CAO Pingping'

(1 Cangzhou Academy of Agriculture and Forestry Sciences ,Cangzhou 061001 ,China;
2 Cangzhou Technical College ,Cangzhou 061001 ,China)
Abstract: In order to clarify the effect of soil fertilization on the growth and morbidity of
jujube and on the improvement of soil physical and chemical properties, we took three main
producing counties of Cangzhou city as the research area, and the soil balancing fertilization
(BF), conventional fertilization (NF) and non-{ertilization (CK) were designed to study the
effects of different treatments on the growth and development of jujube, the economic traits
of jujube, the disease and the morbidity of fruit cracking, soil available nutrition
concentration, soil bulk density and soil porosity. The results showed that the number of the
jujube fruiting section on secondary branch of BF was 7. 08, increased by 2. 71 and 1. 85 re-
pectively compared with CK and NF; The number of bearing shoot of BF increased by 0. 67
and 0. 25 compared with CK and NF; The fruit ratio of BF increased by 54. 55% and 33. 04 %
respectively compared with CK and NF . The vertical diameter of jujube of BF treatment in-
creased by 13.20% and 28. 46 % compared with NF and CK. The horizontal diameter of ju-
jube of BF treatment increased by 17.62% and 31.53% compared with NF and CK. The av-
erage fruit weight of BF was 16. 40 g, which increased by 16. 56% and 34. 10% compared
with CK and NF respectively. The average yield per plant of BF treatment increased by 47.
49% and 14.36% , which was significantly higher than that of CK and NF. The pulp rotten
rate of BF decreased by 52. 06% and 52. 40% respectively compared with NF and CK, and
the fruit cracking rate of BF decreased by 51.70% and 46.59% compared with CK and NF.
The content of soil organic matter was 11. 87 mg/kg, which increased by 30. 73% and 9.
91% compared with CK and NF. The content of soil available N in BF and NF were signifi-
cantly higher than that of CK, which increased by 43. 27% and 42. 33% respectively com-
pared with CK; The content of soil available P in BF and NF was 28. 54 mg/kg and 22. 29
mg/kg, which increased by 132.79% and 81. 81% respectively compared with CK. The con-
tent of soil available K in BF was significantly higher than that of CK and NF, which in-
creased by 68.72% and 32. 37% respectively. Compared with CK and NF, soil bulk density
of BF treatmtent decreased by 9. 59% and 7. 69%, and the porosity of BF treatment in-
creased by 11.11% and 8. 70% respectively.

Key words: soil balancing fertilization; growth and development; yield; morbidity; physical

and chemical properties; Ziziphus jujuba cv. Jinsixiaozao
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Table 1 Results of the fruiting characteristics(2013 — 2015)

T 50 Aib P 44 B TR A AR EL 3 a Az A A A i /A R A TCR/NE
Place Treatment Number of jujube fruiting Bearing shoot number of  Fruiting rate Alternate bearing
section on secondary branch 3a jujuba fruiting section
wE BF 7.09a 3.62 1.22 G
NF 5.20b 3. 50 1.01 A
CK 4.53b 3.00 0.95 A
ik £ BF 6. 82a 3.59 1.53 T
NF 5.28b 3.32 1.12 el
CK 4.00c¢ 2.91 0.99 A
HERS BF 7.32a 3.56 1.85 7
NF 5.20b 3.20 1.32 el
CK 4.56b 2.85 1.02 el
NG FRAER 0. 05 KFTF 25 83 (P<0.05) , KEFRRFE 0. 01 KPTF27MEFE(P<0.0D, T,
2.2 AEFERLLEERZEF R 2,
ANTa] it AT Ak 2R A 2R S 28 T R R K L
F2 EREIZLFEREFELER(2013—2015 F)
Table 2 The survey of jujube fruit economic traits and yield (2013—2015)
WG N AL PR R SR/ Fruit size HRHE /g AT P A T T/ % " kg
Place Treatment YA em B em Average fruit B4/ % Desiccation rate Yield
Vertical Horizontal weight S8C
diameter  diameter
HoE=s BF 3.4 2.7 16. 35.4 57.8 17. 00aA
NF 3.0 2.3 15. 33.2 54.3 15. 63aA
CK 2.8 2.1 13. 30.2 52.1 12.07bB
ik B BF 3.5 2.7 16. 36.5 56.9 17. 40aA
NF 3.1 2.3 14. 34.2 53.6 14. 60bAB
CK 2.6 2.0 12. 33.0 52.0 11.73cB
NEDS BF 3.4 2.6 15. 35.9 58.1 17.67aA
NF 3.0 2.2 12. 32.7 55.1 15. 30bB
CK 2.6 2.0 10. 30.1 52.4 11.50cC

Y % 2 n] A it AT Ak B A B R P R X TN
JE B X5 B CCKD |, 45 Ak 2 ) SF- 35 Bk 77 ol K 310/
Y A ) S A 7 AT A4S BECBED | W7 AR Ak B (NE) |
XFRECCKD) o 3 AN 7R 3 g W0 4 ~F- 47 it I 4 B (BF) &
SRV X BB B A 3 T IR (CKD (P<<0. 01D,
7 EL 7R VU I - SF 7 i AE AL B (BF) Hbk = 8 s

R A b B (NF) , {H 25 5% R B 3% (P>>0. 05) , #ik
BRI 5 00 A S £ it AR Ak B (BF) BBk = 8
T MO AC A BE(NF) (P<C0. 05) 4 ¥ Sk 78 78 5 I+
-85 it JIE 4 B (BEF) Sk 7 5 5 o B0 A 4k 3 (NEF)
[B) 22 5 4t 3 (P<<0. 01) . ] 4 3 f it AL &k B (BF)
B BRR PRERh 17. 36 kg, A 9 6 R (CKO F1H #1
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A3 (BF) i 3 S48 ¥ 00 2. 67 om, 5 T X IR
(CK) F1H #L75 AE 40 B (NF) |, 23 51 b 3 10 e AT 4k 2
(NF) FHI%F B (CKO 17, 62 % F1 31. 53 % ; AL (1
SRR AR 10. 9~16. 8 g ], I + - 77 i AL 4b 33
(BE) (V- B H Sy 16. 40 g,y T8 B it JIE 4 34
(NF) x5 B CCKD 5 43 ) L H 80 i JE Ak B (N X8
HECCKOHE AN 16. 56 %0 F1 34. 10 % . 156 B I + - 5 it

HEAb 38 (BF) Al A o SR S0 & B X B s SR A L R AR
AR ERHFEH

AL AT R Y S B AE 30010 ~36.5%
Ti) . 3000 S 745 i AT Ah BE CBF) B AT 98 1 [ 9 & 8 A
s F 340 35, 9306, i TR B AE b 3 (NF) 14
HECCKD , 43 301 b X6 B8 (CKO F1 % A1 i AE A0 B (NF) 2
15 15,53 %6 1 7. 67 o 5 I 4= - it I Ak R (BF) 119 1
THRIEF] 52. 0% ~58. 1%, FH 57.60% . /= TH
FILJiti B A 3 (N A0 % B8 (CKO L 43 531 e X B8 (CKO Al
B0 E AP b BE (NF) #2 85 10, 41 % F1 6. 02% , 15681
I -7 Tt A AR T AR T AR R R AR
AL R 3 R 2 e 1 ORUR A A
223 AEAEELENELFRBERBTEBEN
A

AN TR) it S A HE X6 3 02 5 K %4 B s R R I 5
M) 18] i 245 SR DL 2% 3.

R3 REFARBERBFETL(2013—2015 £F)
Table 3 Incidence variation of pulp rotten disease and fruit cracking(2013—2015)
A H i 4 b B R/ PR/
Year Place Treatent Pulp rotten rate Fruit cracking rate
2013 % H BF 17. 60 bB 10. 10 bB
NF 35.93 aA 19.00 aA
CK 35.43 aA 19.53 aA
ik L BF 17.43 bB 9.53 bB
NF 34.60 aA 17.50 aA
CK 35.67 aA 18. 80 aA
EER BF 19. 80 bB 10. 47 bB
NF 38.20 aA 18.73 aA
CK 39.80 aA 20. 20 aA
2014 A BF 13.00 bB 9.53 bB
NF 33.20 aA 16. 87 aA
CK 30.17 aA 18.70 aA
ik BF 15.43 bB 8.90 cB
NF 25.27 aA 16. 80 bA
CK 28.00 aA 19.63 aA
EER BF 15.50 bB 10. 33 bB
NF 28.13 aA 22.17 aA
CK 29.87 aA 22.13 aA
2015 wH BF 12.13 bB 9.33 cB
NF 29.07 aA 15.47 bA
CK 28.90 aA 17.43 aA
BF 12.20 bB 6.60 bB
ik B NF 36.70 aA 15.27 aA
CK 34.97 aA 18. 63 aA
BF 15. 83 bB 8.47 cC
HERS NF 28.77 aA 14.07 bB
CK 29.17 aA 17.27 aA
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FH 2 3 AT ) A P A i AT Ak 2R (BE) By 3% 82 %
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HECCKO) JEAR 52. 06 % Fl 52. 40 %, 43 B A 2 IR 5%
A5 4L I SF- 47 G AT 4b 31 (BE) 2458 R A% L 5 0
(CK) Fl 0 it AE 4k 3 (NF) 34 BAG W B 35 M 2% 7
(P<C0. 01, Br 2014 4F3[ 3k 17 b, 8 A0t 0 Ak 23
(NP ZRERHMM TR (CK) HER KREZ AR E

(P>0.05), M 4 - i jitg A 4b P2 (BF) i 24 5L R H
9.25% , Hxd B CCKO A B it JE Ak 22 (NF) 23 J31] B
fIK 51. 70 %6 F1 46. 59 % . £5 b Rl %0, 0 + - fi 7t AE A8
RREARIR S A0 24 SR 0 R s . U B I+ S i it NE
AR5 3 A HLAE | B IR A 4 it . B 1 Bk R [
TR AE Ty, WO AR B A il R T L R A IR
Bt
2.4 AEBEBLEN TEFEENRZISEN
E;ur]

AN [R) it S A B G A HE AT RS 43 O 0 52 R
LRI FE 4,

R4 IEFEFHSSENTH(2016 F)

Table 4 Variation of soil nutritional contents(2016)

L R AP/ (g ke D) MR/ (mg - kg™

B/ (mg « kg™ A/ (mg - kg™

Place Treament Soil organic matter Soil available N Soil available P Soil available K
wHE BF 11. 83aA 66.23aA 28.70aA 173.07aA
NF 10. 75bA 64.72aA 21.57bAB 128. 87bB
CK 8.94cB 47.93bB 13.26cB 101. 19¢B
[ BF 12.39aA 64.59aA 28.47aA 167.09aA
NF 10. 81bB 63.96aA 21.90bB 131. 29bB
CK 9. 14cC 44.11bB 11. 84¢cC 93.46cC
HERS BF 11. 38aA 65. 46aA 28. 46aA 159. 01aA
NF 10. 85bA 66. 33aA 23.39bB 116.93bB
CK 9.15cB 44.97bB 11.67¢C 101.21c¢B
Hi 2% 4 AT I 4 47t IS Ak 2R (BF) /9 - 5 (NF) i - 2 38 8% Wl & & 53 0 4 28. 54 mg/kg

MLFE B a2 3 i T 5 B (CKD (P<C0. 01) F i
FEETHMEIE AL (NF) (P<<0. 05) , Wl - 4 it
NEALF(BF) /9 - 584 L & & 348 11. 87 mg/
kg 4390 L B CCKO A8 A it T 40 3 CNF) 3% n
30. 73080 9. 91 % . M 4= V-5 it NE b ¥ (BF) 18 #
Jiti A Ah 3 (ONE) ) 6k it 220 7% 2 5 % BB (CKO) (] 22 5 5K
e i 3 K S (P << 0. 01). 43 1) b X 18 (CKD 2 &
A3. 275 F1 42. 33 Y0 o I 4 P-4 it AE Ak B (BE) F1H B
Jite HE b B (NF) 8] 25 578 8 3% (P>>0. 05) ., il +
A7 1t JIES Ak B (B 11 38 20l 5 £ v 1% BB CCO Rl
FUE AE AR B CNF ), B v B 35 = & B ite A 4k 28
(NF) Fh , Hofth 75 115 557 5 %63 B CCKO A 0 it AE Ak 2
(NF) ] 22 S B0 5 3 (P<<0. 01) 5 i #0 7it AE Ab 3
(NF) 5 T X BECCKD L BR i B 255 T 4 i (CKO
Ah L HAth 7% 5 5 5 X B (CKO) [a] 22 5 ¥ 0 3% (P <<
0. 01) 5 I 4 37 5 jifi AT 4b B (BF) F1H HL it AT 4b 28

22.29 mg/kg, 435l Fo X BE (CKO) 48 & 132, 79 % Al
81. 81 %, i 16 jife AT Ab ¥ (BF) fry 8 2 40 - 35 &5
A R T IR CCRO AL B IR 4L B (NF) (P
<20, 01) , 8 AL i AE 40 B (NF) 55 T % 1/ (CKD) , 5 %t
HE(CKO ] 2% 5 1 3 (P<<0. 05) , I 4 - £ jta JE 4b 341
(BF) [ °F ¥ 34080 % it 166. 39 mg/kg. 43l Lt
XiF B8 CCKO) A% #Lit AR 4b B (NF) 3 im0 68. 72 % Al
32,37 %, & Bt AE Ab H (NF) B XF BE (CK) 34 m
27.46 %0 o d BN = SF- i it I 38 23 A5 HL AT A I HILAE
(A TC A it FH & BB S n 4 el - B AT AL BT L A A 2R R AR
W AU A R B i
2.5 AEEELENEL/NEEETIEFEMAL
PR E B9 &2 M

AN [) it S A B %) A M 25 AL B Y
RUWE 1,

A ok
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Figure 1 Variation of soil bulk density and porosity(2016)
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AL B RE A B AR N B S, K 0 B o N - 4
L

3 Hib

I 4 AR - ) i S AR S e SR A
B0 A N (i A U i T A N =
TR B AR A 7. 08 A, I 3 R TR R A R it
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