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Effects of water soluble NPK fertilizer with different content of alginate

on apple growth, quality and rhizospheric soil nutrients
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Abstract: [Objective] The effects of alginate water soluble fertilizer on apple growth, yield, quality, nu-
trient absorption and rhizospheric soil nutrient were studied to provide a theoretical basis for rational ap-
plication of water soluble fertilizer with alginate in apple orchard. [Methods] A 2-year positioning ex-
periment was carried out in the apple orchard of Yandianzhuang, Yuanyang County, Xinxiang. The ap-
ple variety Starkrimson was used as experimental material, and five treatments were set as follows:
NPK (C) (conventional fertilization), NPK (F) (traditional water soluble fertilizer), NPK (HF) (alginate
water soluble fertilizer), 3/4 NPK (HF) (25% reduction of alginate in water soluble fertilizer) and 1/2
NPK (HF) (50% reduction of alginate in water soluble fertilizer). In this experiment, the growth, fruit
quality, nutrient content, and rhizospheric nutrient of apples under different treatments were measured

to explore the potential of alginate mixed with water soluble fertilizer on increasing the efficiency of fer-
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tilization in apple orchard. All treatments were randomly arranged with three replicates, and the fertiliz-
ers were applied in the bud break stage, the first fruit expansion stage, the second fruit expansion stage,
and early fruit picking stage, respectively. Field management measures were consistent with the local tra-
ditional management. [Results] Apple yield, fresh weight of 100 leave sand area of leaf were increased
by the 3/4 NPK (HF) treatment by 20.74% and 101.20% in two consecutive years, compared with NPK
(C) treatment, respectively. Compared with the NPK (C) treatment, the soluble solid and solid acid ratio
of fruits were increased, and titratable acid content was decreased by the alginate water soluble fertilizer
in 2017. There was no significant difference in fruit quality between the treatment of NPK (C) and 3/4
NPK (HF), however, the 1/2 NPK (HF) treatment significantly increased the titratable acid, and reduced
the solid /acid ratio, resulting in lower fruit quality in 2018. In terms of fruit color, the hue angle of the 3/4
NPK (HF) treatment and 1/2 NPK (HF) treatment were lower than that of the other treatments in the two
consecutive years, which was significantly reduced by 20.50% and 38.66% in 2018 compared with NPK
(HF) treatment, respectively. Compared with NPK (C) treatment, the NPK (HF) treatment increased the
leaf phosphorus contents in the two consecutive years, although the increase was not significant in 2017.
In addition, there was no significant effect on the content of nitrogen in the leaves by reducing the
amount of alginate in the water soluble fertilizer in the two consecutive years, and the treatment of 3/4
NPK (HF) could promote the absorption and increase of the contents of phosphorus and potassium in the
second year. The NPK (HF) treatment could increase the contents of nitrogen and potassium in the fruits
compared with the NPK (C) treatment. The nitrogen content of the fruits under NPK (HF) treatment in
2018 significantly increased by 33.97%. In the treatments of alginate water soluble fertilizer, the fruit ni-
trogen content in 3/4 NPK (HF) treatment significantly decreased by 28.9% compared with the NPK
(HF) treatment in 2017, and the fruit potassium content significantly increased by 13.08%. While in
2018, the fruit nitrogen content of 3/4 NPK (HF) treatment significantly increased by 37.6%, and there
was no significant difference in the contents of phosphorus and potassium in the fruits. The treatments of
3/4 NPK (HF) and 1/2 NPK (HF) could increase the ammonium nitrogen contents in the soil layer for
two consecutive years, especially in depth of 0-20 cm, the contents of the ammonium nitrogen contents
were increased significantly. Moreover, in the soil layer of 0-20 cm, the contents of available phospho-
rus and available potassium of 3/4 NPK (HF) and 1/2 NPK (HF) treatments were higher than those of
the NPK (C) treatment. The principal component analysis showed that the total effect of 3/4 NPK (HF)
treatment was the best in the two consecutive year. [Conclusion] Under the current conditions of apple
orchard, the 3/4 NPK (HF) treatment in the two consecutive years could increase the fresh weight of 100
leaves and fruit yield, leaf nitrogen content and soil ammonium nitrogen, and improve the fruit quality
and color. While the soluble solid of apples of the 1/2 NPK (HF) treatment in two consecutive years
were lower than that of the NPK (HF) and 3/4 NPK (HF) treatments. Comprehensive analysis showed
that the total effect of 3/4 NPK (HF) treatments was the best.
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Table 1 Fertilization methods

Jiti IE & Fertilization amount(N-P,0s~K.0)/(kg-hm™)

ﬁe}im@m W5 BRI Y BN P

Bud break stage First expansion stage Second expansion stage Early fruit picking stage
NPK(C) 112.50-56.25-112.50 112.50-56.25-112.50 75.00-37.50-75.00 75.00-37.50-75.00
NPK(F) 112.50-56.25-112.50 112.50-56.25-112.50 75.00-37.50-75.00 75.00-37.50-75.00
NPK(HF) 112.50-56.25-112.50 112.50-56.25-112.50 75.00-37.50-75.00 75.00-37.50-75.00
3/ANPK(HF) 84.38-42.19-84.38 84.38-42.19-84.38 56.25-28.13-56.25 56.25-28.13-56.25
1/2NPK (HF) 56.25-28.13-56.25 56.25-28.13-56.25 37.50-18.75-37.50 37.50-18.75-37.50
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Table 2 The impact of different treatments on growth

and yield of apple
PSR A AR P
Wl b3 Hundred  Leaf Fruit L
Year Treatment leaf fresh  area/ weight/ Yield/
(kg 667 m™)

mass/g cm’ g

2017 NPK(C) 62.08 b 26.74a 225.11b 237040a
NPK(F) 73.52a 2642a 242.44ab 2690.70 a
NPK(HF) 69.82 ab 26.98a 243.74ab 2202.62a

3/4ANPK(HF) 73.50 ab
1/2NPK(HF) 80.77 a

2844a 259.56a 2861.99a
27.86a 247.78ab 2167.52a

2018 NPK(C) 6523 b 23.82bc 246.53ab  792.21 be
NPK(F) 69.32b 2293¢c 252.67a 1020.85b
NPK(HF) 66.00 b 2423 bc 231.40b 644.17 ¢

3/4ANPK(HF) 78.03 a

1/2NPK(HF) 79.67 a

VE ARG AR F AR R X B Mk S%BE MR, F
.

Note: Different small letters indicate significant differences among

26.66 ab 239.40ab 159391 a
27.58a 243.17ab  802.85 bc

treatments at 5% level under the same experimental orchard. The same

below.
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Effects of different treatments on the quality of apple
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Table 3 Effect of different treatments on fruit

color of apple

EAR g T BEEEAE M
Year Treatment L c h
2017 NPK(C) 49.52 a 32.39¢ 4513 a
NPK(F) 4897 a 32.90 be 45.76 a
NPK(HF) 48.94 a 35.17a 4536 a
3/4ANPK (HF) 47.04 a 34.38 ab 40.19 a
1/2NPK (HF) 47.69 a 34.68 a 40.05 a
2018 NPK(C) 58.83 a 29.68 a 5232b
NPK(F) 57.94 a 31.26a 61.07 ab
NPK(HF) 62.39 a 31.82a 65.70 a
3/4ANPK (HF) 56.67 a 30.88 a 52.23b
1/2NPK (HF) 4991b 31.81a 40.30 ¢

P Bl B B e » B8 NPK(C) 40 P2 AT NPK (F) 4b 7
23 ) 5 25 19 h0 29.02% A1 31.46% , H. 55 5 1 1R /K 15
AE 4 B 1R) 22 S AN B 3% . [FIEY, 5 NPK (C) #iT NPK
(F) AL FRAH LE , 2017 47 25 i 5L PR /K VA IE B A 1 i
BRA R, Horr, 3/4NPK (HF) A 23 - 40 5 & /A%
H & Z % T NPK (C) A NPK (F) 4 ¥ ; 2018 4F 5 i
AR K RE AL B IS 0 1w 8 &, H R 3/4ANPK
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Fig.2 Effects of different treatments on nutrient contents
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Table 4 Effect of different treatments on nutrients in the root zone in 2018
T2 M3 wCHEHLED wEAEZD w(EEED wCH 23U wCHE AT
Soil layer/cm Treatment Organic matter/% NO:-N/(mg-kg")  NH-N/(mg-kg')  Available P/(mg-kg')  Available K/(mg-kg")
0~20 NPK(C) 1.01 a 7.56 a 28.04 a 26.12 a 198.38 d
NPK(F) 0.83a 8.49 a 14.75b 18.59b 316.83 be
NPK (HF) 094 a 7.80a 15.80 b 30.70 a 39253 a
3/4NPK (HF) 1.00 a 8.06 a 32.38a 30.19 a 251.07 cd
1/2NPK (HF) 1.08 a 772 a 33.04a 31.69 a 323.03b
>20~40 NPK(C) 0.70 a 450 ¢ 18.71b 11.75 a 223.67 a
NPK(F) 0.51 ab 6.74 be 19.47 b 3.08b 165.93 ab
NPK (HF) 0.28b 8.62 ab 25.93 ab 16.19 a 155.69b
3/4NPK (HF) 0.44 ab 6.18 ¢ 33.50a 331b 162.02 ab
1/2NPK (HF) 0.59 ab 9.15a 3431 a 532b 205.91 ab
32.46%. [ NPK(HF)AERAL, & g5 Rk v R A 21 £S5 EERAESR
+ E 0~20 cm ;H] >20~40 cm !Eft ;S\ ﬁ é\ % i’/‘j % T Table 5 Total variance of indicators
NPK (C)RINPK (F) 2B , H £ i 1 1 /K v JIE st Ak RHLE ot
N o . i RS Eigenvalue and contribution rate
PR S RS BB NPK (F) Ab B 8 25 19 0, 5 )8 e 4k Veny Principal wpg | JRE  RHTRE
. . N :‘—E’T \/'—\;p i A — TJ‘ : 1
H IETJ % A = % jﬁg R /El\ b Ef% 7J( YﬁHE@Z E@ ﬂ\ H i); component Eigenvalues Contorlbutor Cuml.xlatl.ve .
N . /\Ej:/jf:_ﬂ: PK( )AL[\}E rate/% contribution rate/%
0~20 om A7 ZCBEATE XU & 25 T NPK(C ’ 2017 Fl 8.09 47.56 47.56
s RO S Bk B 2 K s TR dat A F2 423 2491 72.47
JZ 0~20 cm A Ui & &= 5 NPK (HF) &b B ] G 2 2% F3 331 19.47 91.95
Pt T, iR R A 5844 B 88 0 T s 00
N . N 2018 F1 8.42 49.54 49.54
=020 cm SRS E AR IBEEA G,
I T L S L A AR 3 B N
Ry =Wyl y A
BT e By F3 2.61 15.35 90.10
2.5 EROOH F4 1.68 9.90 100.00

X R AR SR RS TR R DL K
Fi AR SEFR 7 HEAT 2 BRI 73 M » FITAR AR AEL 5 Z2 5T
WA R ZoTR R AR 5 s . S5 RERH] 188
2 a, i 4> R T TT ZE STk AR N 100%, 15
TS REEACE T ITTEAR I 25 R . RYE

SR8 SR BT A I KN SAS B RHTHET (R 6),
g L JESE 2 a, 3/ANPK (HF) b HE 1 425 15 90 35
I 23N 2.03 F11.64, LR G HEA R —, LI E
522 a F G IR 7K BRI 25% M 27 & AR Bl

Fz6 TRILEERMST DT
Table 6 Principal component analysis for different treatments
Eg  am ERA IS ERAES ER3EN THAAES GEES
Year Treatment Principal Principal Principal Principal Comprehensive Rank
component score 1~ component score 2 component score 3 component score 4 score
2017 NPK(C) -3.29 -0.39 -1.02 -1.44 -1.98 5
NPK(F) -2.28 1.71 -0.31 1.59 -0.59 4
NPK(HF) 0.32 -0.21 3.21 -0.28 0.70 2
3/ANPK(HF)  3.72 2.02 -0.99 -0.57 2.03 1
1/2NPK (HF) 1.54 -3.12 -0.90 0.70 -0.16 3
2018 NPK(C) -2.11 -0.76 -1.40 -1.73 -1.62 5
NPK(F) -2.09 -2.20 1.79 0.74 -1.25 4
NPK(HF) -1.89 2.24 -1.06 1.40 -0.39 3
3/ANPK(HF) 1.88 2.15 1.74 -0.96 1.64 1
1/2NPK (HF) 4.22 -1.43 -1.06 0.55 1.62 2
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KRIEHKAET , 58 ML L, SRR K
RE e 3G 0w 6 o7 B AN AR SR ERAAR I ARG, IX
5B 5 2 ISR, BRIV R R K VA AT B4
ot /N R B PE ICR G, SEBRAER K 3 . T LR
T RS A S TR VR TR /K T N TR i R 8 5 K TG
Y, BT DA AR A 25 5 4 5 R At i A K, Rk L
X TCHLFRE S K> RS E P I8 i, FIERE 74
A 7 1 U 1 TR 1R P A DA R T YRR IR
i, AR AR R B [FIR, 2838 15 AT
FUA IR I, TESE 2 a I R /K I RE Rt 25%
50% AL FE I Re ORUESE R P &, HAESE 2 B3 &
A, 0K 52 1 B 4 AR A PO 7T 4 2R A
AT B8 R i SR R VG Ak T 3 R 43, 3 5 b R I 35
BRELIR > 8 A7 5 AR F 6 Bl A % 40 WAL, E T
B P PR
32 AELEXMREIMEREMEFHEMN

2 BIF 5T 3R W, it P U 9 250 R R e AR
B R, EHEAERT PSR T L
e, RIS 2 a it FH 5 ¥ 95 1R /K 3 B R 384 o SR siz T
BHEEEY &=, FRTHER S =, & FERR
SEA R . R RE R R SR B T R A P
(05 1 bR SRR T BAR AR 1 SR s 4 o
RS- N s S N L N I8
58 IR K S IEF HE L 2017 4 55 e V5 1R /K 1A IR
it 25% A1 50% Ab B ) 2R 550 iR A 2 7 A B
1M TE 2018 £F 75 I 58 2 7K 5 B ek it 509 Ak 22
AR T RV R S s R R L, 5 R A
R B, T RE BT AR 2017 4 2 i T R K VA AT R
it 50% b FE R, FEA AR K 32 BAR T R I 2 4
AR F7, 31 2018 4F 12 A0 BT SR A 1 Ak IR H
N PR AR A8 P 3 5 BT DA it A 2 9k 2D 50% St SR S ol
AR A, EH R, L2 a &
P 7K 17 U ik it Ak 3EE A it AL 250 3 T SR S R
VLRI RS, FRAIG T SR B (B Ay, IX 5 3 B A T 2
SN0 B M I BT T AR U 2B o R A R
Fwk bR TS5 R — . TR SRR T E &Y
BEFIZ BEV) A %, BRI AR R—FiE 5 0 7
WO AL (58 & B JE B BT, AT IA 218 425 18 6
&R H B, ek e,

VTR IR A2 SEWE R, WG AL 3R 4y (R AR
YRR VBRI A O S ORI, 5 AL
PRAH L, 2018 5555 I SR R /K 5 I b B I 35 186 n 1 SR
SEAR R B DA K 35 0~20 em A R4 Tl A S50
&, 0 BT FL R, — T T R RE AR U R IR A 4 e g
Ca-P Fll AI-P &, PRI - 3 Ml 110 [ 52 , AT 32 7 1=
b B A RER s Iy — T I IR N R R S
BEAR T 3317 pH A, (i ik 398 v 3 5 1 O TR 3k 1 ¥
file, $E 7 AR EERE KR, dE A TR
(RIIRAC> T [ B, ¥ 5 R e PRI AT B 1 5 LA P
B EOAR, R 8t A S, 2k T 9 e S
B, ALK, 55 ERK LA, &
T T 7K Vs IE e Ak B 2017 48 82 25 AR T RS2
TrE, B 2018 MG N, v Re S LA A S =
A, B 2017 4F F g5 R /K I ekt 25 %A1 50%04b 3
TSR G EN 5N 3.44 mg-kg ' F12.13 mg kg,
KT 2018 - LB A A & &, AT s RS J T8 4
U

4 # w

(DIESE2 a F i EERR 7K RE IR 25% 1 50%32)
RS 0 v o R S AN T AR (R AR AR KR E S B
JE IR

(25 1 4 55 U T IR 7K B Rk it 25% FH 50% 32
REPE T S S 5, (e a3k SR B o €05 B 50 2 4F 3 TR IR
K BB Rt 25% 475 BE DR AIE S 52 5 5T, (E 8t 50% A
I RS b R T A

(B)IELE2 a &M BERR /K I ARt 25% 1 50%3%)
RESE 0 SR S8 2 o, (R kSR S B e R IR U )
B, 25 Y 7 R /K VA R IRt 25% A1 50% 38 in 7 #R 4 +-
5 0~20 om B A A B A BB RUE U A R
em T HIEARES AR
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