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Effects of balanced dressing of N,P and K fertilizers by injecting
fertilizer solution into root zone on apple yield and
quality in Weibei Dryland

ZHANG Wei,SHI Jianglan,CHEN Yanlong, LI Xiushuang,L.I Youbing, TIAN Xiachong

(Key Laboratory of Plant Nutrient and the Agri-environment in Northwest China sMinistry of Agriculture,

College of Natural Resources and Environment , Northwest A& F University ,Yangling Shaanxi 712100, China)

Abstract :[Objective] The study investigated the effects of balanced dressing of N,P and K fertilizers
by injecting fertilizer solution into root zone on apple yield,quality and nutrient utilization to provide basis
for water and fertilizer management in Weibei Dryland. [Method)] The experiment with two treatments was
conducted in an apple field in Weibei Dryland, Shaanxi. The new balanced dressing method injecting fertiliz-
er solution into root zone (SF) was the treatment and local commonly used dressing method (fertilization
with large fertilizers and high level fertilizer solution together) was taken as control (CK). The two dress-

ing treatments had same basal fertilizers (1 350 kg/hm?* total nutrient of N,P,0; and K,O). The amounts
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of N,P,O; and K,O were 374,145 and 688 kg/hm?* for CK and 179. 8,105. 0,365. 4 kg/hm?* for SF. Then.,
the changes in yield, quality of apple and nutrient utilization were investigated and the relationships be-
tween six nutrient elements (N,P,K,Zn,Fe,Se) in fruit and quality were analyzed. [Result] Compared to
CK.,SF could maintain the same high yield while the dressing amounts of N,P,0; ,and K, O fertilizers were
decreased by 52% ,28% and 47 % ,and total fertilizers amount was decreased by 46 %. SF increased big fruit
ratio (fruit diameter =75 mm) , hardness,soluble sugar,sugar to acid ratio and vitamin C by 17.5%,7%,
27%,30% and 112% , respectively. SF increased Zn, Fe,and Se concentrations in apple fruits by 122%,
174 % ,and 41% ,respectively. The correlation analysis showed that there was inherent consistency between
high concentrations of Zn,Fe and vitamin C. [Conclusion)] The balanced dressing method by injection into
the roots zone (SF treatment) enhanced the coupling effectiveness of water and fertilizer nutrients, promo-

ted absorption of N, P and K nutrients,and improved fertilizer-saving, yield and quality improvement. This,

it is suggested to be widely used in apple orchards of Weibei Dryland.

Key words:apple;balanced dressing method by injection into root zone;yield and quality; water and fer-

tilizer coupling; Weibei Dryland
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BEEAE L R 21 4R AR 20 SRR TR Ak B . MR AT
Bk 3.0 mxX3.7 m, LA 900 Fk/hm?, L) < %
g B . PR E IR 0,27 hm®, X L IE
KRBy L, B L pH S 709, &R
(EC)2N 118 pS/em , HIEA ML & i 17 g/ kg ik
A 35.6 mg/kg, HAWHE 23. 7 mg/kg, WAL 182. 5
mg/kg. R E R FRE PR B e w4
LAY it 7 oot JIE 149 5 2 Bk it T IS 2 it ) NPK
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Table 1 Levels of basal fertilizer inputs in the tested orchard

v 0 A EL b BT ity A L
DTS Wi/ (kg - hm ) Ty Lsl/ v ARpER BRI
Basal fertilizers type Fertilization rate N P,O. K,O OM Fulvic acid
= yE
ﬁﬁtjﬁmg{thﬂﬂ . 3 000 14 16 10 150 100
Organic-inorganic compound fertilizer

A=A PLIL

Bio-organic fertilizer
I T 2016 A RAERKFEU—10 H# T8 6 RER.BEE 1 H/NX/NXEH 200 m*, 20 #
i it EEEXEE AT R E TR XSRS R 2 ROy i IR IR 4 K S 3R AE B 43 )
JE Ak B CHR X33 38 AR 4 W, SF) 55 8 AR Ab B 2 3,
GATE AL 1 W AR XESHENE 2 I.CKD2 Sk,
*2 BRBRAEGRENPFESMASHENE

Table 2 Nutrients and water inputs of conventional fertilizer dressing method at different stages

3 000 1 2 2 450 50

7 =% R — o B T B B
5t S %ﬁf%\]/\ﬂf_/ufg hm~2) m(N) : Aok {f%f(«ﬁz;)rﬁlglzifr;/
Fertilization St'l R _ Tutrients rate m(P,05) (m? + hm *) C g t ‘,t‘ {
method ase N P;0; K;O m(K;0) Irrigation rate oncentration o
fertilizer solution
it W7 2E 1 (04-15) R . . B B
Soil application in furrow  Germination (04-15) 270 7 330 1.00+0.28 % 1. 22
3 By Sii[:A 1 1 _
HRCEER %*”5’7&@’3(06‘”) 104 35 127 1.00:0.33:1.22 20.25 19
Gun injection arly fruit expansion (06-10)
g i
HRDCEERS S I (07-20) 0 35 231  0:0.15:1.00 20. 25 19
Gun injection dte fruit expansion (07-20)
£if Total 374 145 688 — 40. 50 -

g 2 DL NPK ZR L (N-P2 O5-K, O=18-5-22) {1 it » 5 520 K W13 15 )5 3 43 30 AR X 5 3% 43 6806 119 i JC KL » Hevh RS2 I
KA K s AE S s A B L S o B R Y, A R R R M NPK OB SR A HE S 2 557 keg/hm?, H o L jifi 1)
NPK #3%4> 71 350 kg/hm? B 1 () NPK 55408 1 207 kg/hm? .38 NPK 324355 47% .m(N) = m(P,05) + m(K,O0) Jg 1. 00 *
0.37:1.70,

Note: Furrowing fertilization of NPK (N-P,0;-K,;O=18-5-22) compound fertilizer at germination stage. Soluble fertilizer containing trace
elements (68% of total nutrients) were applied at fruit expansion and late stages. Fertilizer with high nitrogen and potassium was applied in
June, while fertilizer with nitrogen-potassium was applied in July. The total nutrient input of NPK was 2 557 kg/hm? within the whole growth
period of apple trees. NPK inputs accounted for 47% (1 207 kg/hm?) with m(N) : m(P,Os) : m(K,O) ratio of 1.00 : 0,37 : 1. 70.
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Table 3 Nutrients and water inputs of injection into root zone

Fo AR/ (kg » hm™?) ikt TE SR s i e i/
6 A i 3 Nutrient rate m(N) = m(P,05) * I - P (g+L7H
. (m?® « hm ?2) - .
Dressing stage m(K,O) . Concentration of
N P,0s K,O 7n Irrigation rate .. .
fertilizer solution
65 (05-14) ) X . _ _ )
After anthesis (May 14) 120.0 24.0 42.0 3.3 1:0.20:0.35 20. 25 24
NitA -
Q’b%ﬂy/j(’ﬂéﬁ(% 1 59.8  27.0 107.8 0.0 1:0.45:1.80 20. 25 24
Young fruit expansion (June 17)
*%Hﬁﬁﬁ/ﬂ;ﬁ%}.]'ﬁﬁ(orl.S) 0.0 27.0 107. 8 0.0 0:0.25:1.00 9.00 40
Early big fruit expansion(July 18)
KRR 08-17) 0.0 27.0 107. 8 0.0 0:0.25:1.00 20. 25 18

Late big fruit expansion(August 17)
41t Total 179.8 105.0 365. 4 3.3 — 69.75 —

T2 B TR AT 3R 00 20 3 8 75 N 46 B9 IR 2 3% P2 Os 180 By BERR S . 7% Ko O 5100 BB RRHT s BFAL A 75 #F 232089 THL O « ZnSO, 3 1% 40
TRW2AEE Y NPK 34 B8 AR 2 000 kg/hm?, JE A Bt i NPK 9% 43 1 350 ke/hm?, 38 i i NPK G 5% 43y 650. 2
kg/hm?, 87 NPK F£ 204 (5 33% ,m(N) = m(P205) + m(K,O)Jy 1.00 = 0. 58 = 2. 00; AHXS T % FH 18 BB 77 ¥, NPK 35 2 ity >
4626 o RN R IARI A CO7-18) T 7K Hk 88 AT 9 D5 BTS2 W AR X 3 9 o 2R el 3K 43 3 ik 3 v

Note:; Nutrients of N,P,K,and Zn were applied by the forms of urea (46 % of N) ,calcium superphosphate (18% of P,Os) , potassium sul-

fate (51% of Ky ) ,and 7H,O « ZnSO, (23% of Zn) respectively. Within the whole growth period of apple trees.the total nutrient
input amount of NPK was 2 000 kg/hm?, and the dressing amount of NPK accounted for 33% (650. 2 kg/hm?) with m(N) : m
(P205) + m(K;0) of 1.00 ¢ 0.58 ¢ 2. 00. Because of rainfall,orchard soil moisture content was higher on July 18.
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Fig. 1 Sketch of apple fertilization by injection into root zone
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PITE S T . RSCEERED) G fE A R 75 C Ak R
e DU A AL S S i 2 25 15 K (]
HE KR Z e kit fL42 0. 25 mm i . 5 H .

1.3 MEmMBESA*
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FHMETHE . 384 BT & Sk FH 3 46 R S A0 Jin 32 DU
JE 5 B A AL 1 O T O DU 5 R i
0.5 mol/L NaHCO; {24&- 8 Bt L €475 I 1 5 3 24
# &8 A 1 mol/L NH, OAc 32 - K JA6 ) 2 & 5
AU BELBR VER R B DTPA i H I, JR 7
WA e B I . RS S R B VR
B H,SO-H, O, 1H #-BLIKE &% (K12 B4 1 5)
FIL G A AN ) LB B BT BE €53 L KOO B Tk
E 5 R VRE S R DL O A CRE R VB R
1 mol/L HCL & 4#-AAS 3 I % 5 5 54§ & &R H
SRR 9 e A AFS-9130 JE 98 b



%5 "

5+ S5 < AR DX T S5 S A5 2 S o 0 R i T JB 4 R 63

A 5E

(3)+4 pH Mg FR(EC), +# pH Ml EC
53 R B T R RS 5

(DO7=HE, LL 6 AS/NXCF 4 50 5 T 317 e
FRAEAG AL 2 W A A R RIS SR 25 . B
B R X W E ZE i 0. 27 hm? 50 b 2R L4548
SVBC BE /N IXOR SR = A BB/ 12, W B 6 /)
X3 R T i 5 R /N IXOR SER R A. S3 Ah L i
FEI 43 550 00 5 FE 2 S Ak 5 AR X S SF- £4 1 FE Ak
BN e Y (TR LB i DM (T s - o
1.4 HiEaE

K Excel 2003 347845 40 3, F§ DPSv 7. 05
Ge vt o3 A PR AT IR R O 228 43 B RORE O 43 B .

Z4r M R A LSD Wik 4T 2 8 ik (22 57 1 3 PR K
SEa=5%).,

2 AR5

2.1 AEBRAEMNERTES @EHM

Hie 4 1. CK AL BE 9 R ah 2R CRAE =70 mm) |E
%55 . 3k 900, T SF AL FL R & T 5 L] 5 CK
AEFRARH LR R T 500, R PR AR =80
mm) L il CK Y 6626353 T 50% . 4% CK
Ab PR ST AR B R RS2 5 K AR L FUR R R AT
T e, A Ak B S R 2 R G 2 S K%
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Table 4 Effect of different treatments on appearance of fruit and yield

R4y 9/ % Grading {ruit

AR/ g RIBIRE T Sy &Y

PAE/(t« hm %) Yield

JLBL ; ) — -
Treatment =80 =T5~< >ZO~ <70 mm F]iull Index of Color index Lonltcm of g g0
mm 80 mm <75 mm weight shape moisture Theory Fact

SF 50 27.5 17.5 5 223.6 a 0.876 a 3.88 a 86.3 a 60.37 a 52.30
CK 30 30 30 10 215.7 a 0.833 b 3.62 b 82.2 b 58.24 a 52.50

= W 3 B JE AR AS TR /NS S B 3R 25 7 1 3 (P<<0.05) , % 5,7,8 1],

Note: Different lowercase letters indicate significant differences at P<C0. 05 level. The same as Table 5,7,8.

ST B JE W) OB IR LE R Ve S PF 2R
S A TE ity Jo 0 TR AR A o HL OB R O A A R S
R &5t B 2R3 48 AR B R R R SIS L OXUIR .
25 M1, SF AR B S Al i R (58 9 0 25 IR T CK 4k
H, W] SF AR BEAR SC A B2 CK AR BRAR . 7] BE 2

PR CK Ak Pyt L i 8] 5.7 SF 43, H SE Ak 2R
SR MCE ) 2k R B, S A Ak, SEOAL #R S A
BE AT TR R OBERR L Ve SR B E & T CKL T
W BE Ak 7%,27%,30%,112%,

RS ARERFAEMERRIANERRBIFM

Table 5 Effect of different treatments on internal quality of fruit
i i/ o M E IR Y/ il i Tl s 1 o
gb i 3 B T{ﬁt&lﬁii% CIRC R/ IR I“Hﬁfl/ Wi I B
Treatment (kg s+ em™ 1) (mg + kg™ D) (mg * kg™ 1) (mg + kg™ D) Sugar-acid ratio Ve/(mg + kg™ b
Firmness Soluble solids Titratable acid Soluble sugar h
SF 9.93 a 1090 b 44 a 1164 a 26 a 15.40 a
CK 9.25 b 1250 a 45 a 919 b 20 b 7.25b

2.2 AEERAFEMNERFSFARINZ MW
508 37 0 3R R A R S ik R O A RS
JRA R . T AN Rt I8 J7 3 0 0 3% 00 2 1 TR Ik
FI AR 5 5% iz e e %8 & 31 B RS 7 o 5 0 BT R0
HAH#5E L,
2.2.1 REBABERA P LERILERA LR
EARAESERL RELWRPERAME Y
B B C R I B . 26 6 Rl TSR I K 5 AR
BIAANFEBE LT RZ L pHo B R R R %
BRILESTENAEMNEN. hE6 M, 5KZ+
G pH (7. O A, SFLCK 43 3% pH {1
FRA G AE AL Hop 5 CK AL FEAH H, SF AL B 4
5 pH (H AR LR 8/ B3 B 2% & T CKL HR[H

B3] 3 2 A Y 2 S 408 M K P . SF AR B A
pH TE M R 2 I AR A B3 i CK Ak 2 4 4
pH 7ERE K = sl At 26 . fE Rl — 2R A
SF 4L 3 4% EC {2 % T CK b B s )i ¥ SF
I CK AL ¥+ 3 EC HY B3 m TR R, X
2 AU L SF FI CK AL 3 1 50 PLT 7 it 45 1 3%
NEEL Hrh SF AR B R FE R BRI R ) SE A
CK &b PG 1 2% 22 53, i B A SF Ab 3 3% 1% T
CK AR, TGI8 (e N R 1 I I LAY SF Ab B -
Bl 7R S0 RSO A R S S AR T CKO AR BT, X
S PR R AN () A 7 I 40 o S 38 5 0 5 AR A 52 51 TR
TR B AR OB, LR I R R B S E
MM AR LG R0 . AT, SE AL B NPK J% 5>



64 PE JEAMB R 722 4R CB AR B 4 O 946 4%

BAAR T CK A B, AL 5 SF 403 £ 3R 70k F CK Z2IEH .
F6 FRWAMSABBFIRAERLEREIRBEUERREIEERTEIENEL

Table 6 Changes of soil physical and chemical properties and main nutrient contents at expansion and harvest stages

LR/ AL/ A L/ MR/ HR A/ AR/

ﬁi:ii;ﬁ Tre&ftlfem pH (S -‘c{n’l) (g kg ') (mg- kg’1> (mg . kg™ (mg . kg™ 1) (mgl- kg"l)

EC OM Alkaline N Available P Available K Available Zn
i K (07-18) SF 7.81 Aa 125 Bb 19.8 Aa 107.0 Ba 71.5 Ab 357 Ba 3.4 Aa
Enlargement CK 7.62 Ba 258 Ab 19.6 Aa 137.0 Aa 72.4 Ab 497 Aa 3.2 Aa
L (09-28) SF 7.75 Aa 181 Ba 16.1 Bb 69.3 Bb 130.0 Ba 370 Aa 1.7 Ab
Mature CK 7.49 Bb 331 Aa 17.2 Ab 78.9 Ab 161.0 Aa 372 Ab 2.5 Ab

T [ B0 B0 5 AR AN ) R B 3R [ — A B S (] Ak B () 22 53 8 3 (P<<0. 05) , B AR [R] /N2 B 32 R Il — Ab BUOR [l A= B 1 R) 22 57 i 2% (P <

0.05),

Note: Different capital letters indicate that significant difference among treatments in same growth stage,and different lowercase letters in-

dicate significant difference among stages (P<C0. 05).

2.2.2 BRBERABE AT EETEREESR FAERE . SFAIM it a R S B A E B E S
AFEAET RTS8 W T MAWIE 09-28) 1 5 T CK b FE, i3k 8 Al AL, CK A F RS E FRIL R
RIEFITR & B LM R AR E R R IR . B N.P.K & & & F SF.H _FH %A RE;SF &
T AL BR Fe Mn 22 RoRR B BEEKY  HREILMEITE Se.Zn Fe ¥ B EH T CK 4
Hb,SEABSER M R E R UR NVPLK Cu &8 B,

¥ FE & T CKLM Zn 50T CK L H =% 2 [a] 22

x7 HAHAEAERELEEXERHAERTEZSERMHERHENENLER

Table 7 Comparison of chlorophyll and nutrients in leaf at harvest stage

fib ¥ N P/ K/ Cu/ Zn/ Fe/ Mn/ £ 2% A0
Treatment /(g kg™ 1) (g kg™ b (gekg?) (mgekg ") (mgekg ) (mgekg ') (mg-kg ') Chlorophyll(SPAD)

SF 26.2 a 16.3 a 11.5 a 5.9 a 54.1a 49.0 a 170 a 59 a

CK 24.6 b 14.7 b 10.0 b 2.4 b 55.4 a 47.4 a 161 a 57 b

RS HAPAEERLEERRIEFATRIENRER

Table 8 Comparison of nutrients in fruit at harvest stage

Ab ¥ - - . - - -
Treatment N/(g e+ kg™ 1) P/(g+kg 1) K/(g+ kg’ Se/(pg = kg™H) Zn/(mg +» kg™ 1) Fe/(mg « kg™ 1)
SF 4.4 a 10 a 5.5a 13.3 a 37 a 22.5a
CK 4.6 a 11 a 5.8 a 9.4 b 16.7 b 8.2b

LiER 6~8 N, 5 CK A0, SF AL BEXT R E PABALA B 9 NP K. Zn Fe,Se 5 it 51 8
(0~30 cm) HIEHALYE A REE W, Hoal ifest FhE 255 BOR s A G R &R 45 R MR 9. 3R 9
SRR A X NPUK Zn 555770 B T2 it A0 w9 PR DR P 0] i 2 R e Bl 5 2R 58 NLPLK
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Table 9 Correlation relationships between 6 nutrients and quality in SF fruit

BRUE THEERS  TWER TR e ST BRER BREK B

Nutrient element Soluble solids Titratable acid Soluble sugar Fruit weight Index of shape Color index Firmness

N 0.42 0. 29 —0.47 —0.14 0. 30 0.52 —0.42 —0.40

P 0.72 0.76" 0.13 —0.22 —0.40 0.78" —0.41 —0.39

K 0.33 0.14 —0.52 0. 04 0.41 0.29 —0.39 —0.31

Zn —0. 34 —0.19 0.52 0.72 —0.17 —0. 66 0.52 0.63

Fe —0.58 —0.11 0.47 0,97 0. 40 —0.65 0.74 0.82*

Se —0.69 —0. 04 0.85*% 0.79" 0.09 —0.69 0.87" 0.91*~

e FR BFEHEP<0.05), » = Fa i FEMEP<0.01) .n=6,

Note: * Indicates significant at P<C0. 05, * * indicates significant at P<C0.01,n=6.
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