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Distribution of soil NPK nutrient content in deep soil profile of typical apple

orchards on the Loess Plateau

ZHANG Lina' ,LI Jun> ", FAN Peng',CAO Yu®,JUMAHAN kasimu'

1 College of Forestry, Northwest Agriculture and Forestry University, Yangling, Shaanxi 712100, China
2 College of Agronomy , Northwest Agriculture and Forestry University, Yangling, Shaanxi 712100, China

Abstract: 0—300 cm soil nitrogen, phosphorous and potassium contents of 21 apple orchards of 6 apple production
counties of the Loess Plateau as apple production bases were measured and compared, and accordingly their nitrogen,
phosphorous and potassium profile characteristics were examined. It was revealed that (1) Of the orchards of the Counties,
the average nitrogen, phosphorous and potassium contents were 0.54 g/kg, 0. 53 g/kg and 6. 79 g/kg, the average
available nitrogen, phosphorous and potassium contents were 102. 66 mg/kg, 7. 95 mg/kg and 102. 75 mg/kg,
respectively. Among the orchards of the counties, the nitrogen, phosphorous and potassium contents significantly differed.
The phosphorus totals of the apple orchards of Fengxiang County were not at an adequate level. The phosphorus and
potassium totals of the apple orchards of Baishui County were not at an adequate level. The nitrogen, phosphorous and
potassium contents of the apple orchards of Changwu County and Xifeng District were at an adequate or high level. The
nitrogen, phosphorous and potassium contents of the apple orchards of Yan'an were at a deficient level. The nitrogen totals
of the apple orchards of Jingning County were at a deficient level. Among all the soil nutrient parameters, the nitrogen,
phosphorous and potassium totals of the apple orchards varied less than their available nitrogen, phosphorous and potassium

contents. The nitrogen, phosphorous and potassium contents of the orchards lying in Heilu soil covered central Loess
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Plateau (e. g. Changwu County and Xifeng District) were the highest, and the nitrogen, phosphorous and potassium
contents of the orchards lying in loess covered northern hilly Loess Plateau (e.g. Yan'an and Jingning County) were the
lowest. (2) The soil nutrient parameters of the orchards of the counties presented similar profile distributions. All the
nutrient totals and available nutrient contents but the potassium totals and available nitrogen contents of all the orchards of
the counties presented the obvious effect of " surface enriching". The nitrogen, phosphorous and potassium contents of the
orchards were higher in top soil than in soil beneath topsoil. (3) Of the orchards of the apple production counties, the
nitrogen total stood at a deficient or slightly deficient level, the available nitrogen contents stood at an adequate, moderate
or deficient level, the available phosphorus contents were at a moderate or deficient level, and the available potassium
contents were at a sufficient level or an adequate level. The soil phosphorus contents of the orchards lying in the southern
part of the Plateau with terrace lands and brown soil (e. g. Fengxiang County and Baishui County) and so in this part, the
orchards should increase Phosphate fertilizer rates and fertilization depths. The orchards standing in the highland and Heilu
soil-covered central part of the Plateau (e.g. Changwu County and Xifeng District) suffered soil nitrogen deficiency and
thus in the part, the orchards should increased the uses of organic and nitrogen, phosphorous and potassium fertilizers in a
formulated manner. The orchards located in the hilly loess part of the loess Plateau (e.g. Yan'an and Jingning County )
suffered phosphorous and potassium deficiencies. It was proposed that the orchards concerned greatly increase organic
fertilizer uses, properly increased potassium fertilizer uses, and apply Nitrogen and phosphorous fertilizers in a formulated

manner.

Key Words: the Loess Plateau ;apple orchard ;soil nutrient ; NPK
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Table 1 The conditions of climate, soil and sample apple orchards in different experiment sites

TR0 b A FEWRPC FERKE/mm EHRS/d e R el s 55 RPARE AR RS R a
Experiment Average annual Annual Frostless e Landscape of Number of Tree age of
. - . Soil type
sites temperature precipitation period orchard sample orchards sample orchards
R 11.5 655.6 207 1 G| 3 10,17 28
Fik 11.4 577.8 207 # + 6 T35 4 6.16 20 25
KR 9.1 563.8 171 Byt P 4 10,1522 28
L] 9.7 542.7 175 Byt P Hb 4 6.12.18 26
HE 2 9.2 538 171 At Ly 3 12,16 20
fiiaen 7.1 450.8 159 A4 1A% I 3 11,1519

1.3 Bdlasb P55
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5 5 Z 8, FI ] Spss16. 0 B4 1 AN [l 18] - S Um0 5 B 25 5 W 1k
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P R R BRI g I > F K > P ISR S 87 S S22 | KU | KRG U R el -3 05 1 & 7 6 ik
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Table 2 Statistical values of soil nutrient content in 0—300 cm of apple orchards at different experiment sites

A7 BEME AR/ (whke)  HRURS (mg/ke) B/ (o/ke)  HEBE (mgkg) 2/ (gke) B/ (mg/ke)
Experiment Sample Total Available Total Available Total Available
sites number nitrogen nitrogen phosphorus phosphorus potassium potassium
R 3 0.35—0.97 29.80—303. 65 0.14—0.99 1.16—32.44 4.78—11.3 60.38—269. 55
K 4 0.40—1.28 22.90—378.07 0.12—1.15 1.30—18.51 0.63—8.64 66.37—343.49
K 4 0.33—1.25 39.98—344.16 0.33—1.59 1.01—36.9 3.19—11.8 64.40—362.07
i 4 0.28—1.06 21.95—178.56 0.43—1.09 3.00—36.9 3.04—11 44.29—329.89
RS 3 0.19—0.87 14.79—67.09 0.12—0.83 0.20—9.7 1.67—8.6 48.31—189.1
T 3 0.27—0.95 19.48—344.19 0.1—1.07 1.20—42. 1 5.57—10.9 72.45—362.07
- Mean 0.54 102. 66 0.53 7.95 6.79 102.75

FrifE2Z SD 0.05 27.54 0.10 1.47 1.51 15.52
ARZRECV/ % 10. 14 26.82 19.37 18.49 22.25 15.11

AN DX IR ] 38 4 7 R 22 B AR (36 2 MR 3) ,6 MR RUR B 0—300 em 42 25 12
(ELFR R BN /IMR I - P > & 3> 1 T > KU = S22 > UK P AT 7 R b LI s & 4% T 6 ik
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T S HE L R USR] - S A8 5 e T 6 AR Bl P SR L T K T A 22 ARG T
SIS S 2 R el S 1 i A KR 35.2% R A 6 NIRRT BIE ) 46.5%
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Table 3 Average of soil nutrition content in 0—300 cm of apple orchards at different experiment sites

2R/ (g/kg) HBMA/ (mg/kg) AW/ (wkg)  BARLHE/ (mg/kg) A/ (g/kg) B/ (mg/kg)

IS A

Experiment sites Tutal A\-/ailab]e Total Available Tutél Availa.ble
nitrogen nitrogen phosphorus phosphorus potassium potassium
R 0.6+0.01a 108.41+0.74b 0.46+0.01c 9.64+0. 14b 8.78+0.40a 98.64+1.53d
MK 0.58+0.0lab  110.36+2.34b 0.35+0.02d 7.93£0. 10c 4.09+0. 19¢ 110.34+1.08¢
KR 0.56+0.02ab  166.53+2.13a 0.63+0.02a 10.52+0.19a 7.34+0.21b 125.65+0.53a
i3 0.57+0.02ab 92.55+1.28¢ 0.66+0.01a 8.1+0.13¢ 6.89+0.44b 87.47+0.69¢
S 0.38+0.02¢ 30.16+2.86d 0.46+0.01c¢ 3.7+0.19d 4.95£0.45¢ 75.58+0.79f
i) 0.5310.01b  107.96x1.83b  0.59+0.01b 7.810. 16¢ 8.66+0.21a 118.84£0.76b

[RIZ A R - BE e 7R 97 43 1] 22 53k 18 2K (P<0. 05)
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() 46.5% . ANTR) X ol SR Pel - S R 1 F 22 S A L6 4t o SR e 4 4 s A S (Bl R BV R
P SE T > FIK S KU > PH > 222 K #77 R /K SR Pl - 980 8 o 1 1 6 03808, KU L VG 04
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PG UG ) FNALHR Frpg 4 30 R 77 X (HE % AT ) J B 0—300 em +)2 RS &2 510 0.59.0. 56 1
0.46 g/kg, THERTEER/IHIN 0.41 .0.64 F10.52 g/kg, TIERM S0 6.44 7.11 F16.80 g/kg, 115
A B AR 109. 39 129, 54 F169. 06 mg/kg, +HEHAHE & KK A 8.79 9. 31 F15.76 mg/kg, + ik
SR B AR U 104,49 106. 56 F197.21 me/ke, B 345 & i DL pg i 5 W54 £ 3050 7 X de i A, SR el +
e A HUCA  EACE AU S m Y Db A R SR T A X e, DAAG S e B A SR X
54 (398
2.2 SERFEAH 0—300 em 2 A BRSPS A
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Fig.1 Comparison of soil total nitrogen and available nitrogen distribution in profile of apple orchards at different experiment sites
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Fig.2 Comparison of soil total phosphorus and available phosphorus distribution in profile of apple orchards at different experiment sites
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Fig.3 Comparison of soil total potassium and available potassium distribution in profile of apple orchards at different experiment sites
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Table 4 Mean of soil nutrient content in 0—60 cm of apple orchards at different experiment sites

S R/ (gkg) WA/ (mg/kg) W/ (g/kg) B (mgkg)  2H1/(g/kg) LA/ (me/kg)
. o Total Available Total Available Total Available
Experiment sites . . . .
nitrogen nitrogen phosphorus phosphorus potassium potassium
R 0.82+0.02b 45.75+3.74e 0.54+0.02d 13.08+0. 16¢ 9.44+0.57a 157.82+1. 16e
HK 0.93+0.01a 183.70+3.72a 0.53+0.01de 12.42+0.23cd 4.47+0.40d 201.03+1.33b
K 0.86+0.01b 134.88+1.90b 0.87+0.02a 18.45+0. 14a 8.35+0.13b 248.10+1.63a
i 0.82+0.01b 93.00+1.76d 0.77+0.02b 15.91+0.30b 6.36+0. 13d 171.34+£1.51d
1573 0.55+0.02d 41.50+2.35e 0.49+0.01e 3.52+0.26e 5.56+0.37d 96.59+1.47f
T 0.72+0.01c 122.56+4.55¢ 0.67+0.02¢ 12.36+0.29d 8.55+0.34ab 193.13£2.05¢
http ; //www. ecologica. cn
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Table 5 Classification standard of the second general survey of soil

Vo L 5 LA (N)/(g/kg) B (N)/ (me/kg) HHWE(P,05)/(mg/kg)  HBH(K,0)/ (mg/kg)
Classification standard Total nitrogen Available nitrogen Total phosphorus Available potassium

£ & Abundant >2.0 >150 >40 >200

54 Satisfactory 1.5—2.0 120—150 20—40 150—200

Hr 2% Moderate 1.0—1.5 90—120 10—20 100—150

Bk Minor deficiency 0.75—1.0 60—90 5—10 50—100

{5t Deficiency 0.5—0.75 30—60 3—s5 30—30

Bl Extreme deficiency <0.5 <30 <3 <30

AR IS NG NE 7 5 WA AL , 2B B0 A A it FH |, SEAT P e e, 5 = SR el o7 394 it 7 L ES AR 2L
HE 38 14 I 4
3 it E&R

TSR RS P R SRR S R E R E T R R X AR A R R,
X5 R X IR R ARAE & RN 56, 5 3 AR 3B it U T 22 it Bl 40 L 1 S8 el 5 N e it A
X%, AEEREMTRER 2 HRAE N B35, (R P ERE N KEERICRT . ARNHLZ SREE
PR E AR MEE AR E RS R R RN R —, R AR Z 5 )
HHE , FE 2T+ HE R E K, X ST AR A 2 R — 3, ER R RO A L IR LR S
K, P ARG ES LA R IEASE ) EXRp SR 2 i S 38 1, A J5 I it e
B PR AN R i 3 T DA AR A A T 2 it S Y b 3 A 4 R AT A ZZ REAEURL , DA TG A28 K JIE A A
R, B IR R

B SRR X i 2 i S A I A SR A L, SR PR R A A B BT SR R T AR R A
TR T B AR A BEA R, 1 ELBEACAE e AR shitk 22 MRS , Z24F it F G A TR A B L T A AR
FEUR S R E OO S B A 42,10 mg/kg, TR )Z T HGERBE & B AU 1. 20 mg/kg, %2 T 1
B B IRZ 1Y 35 A . WRIEAE IR P ERS By, BT LA A Fe i NE 7 3 R N TR it

B = R X R S AR, R RS RS R A e R . S EAMERAA L, FRE S
P, SRR, R B AT b7 BB I, KGR BT R B IR AR R SE AR AR, B N (A,
RS G R R S S BRI AR, B R BRI L R m VP BB, VC S A B TR e R &
i, (HUEH T 2B MM R, AN R £ X0 R el e R, — MO i I, i3 it B A
AR AR RS YRR

CAH I " L 0—60 em N3 ARBFFE IR0 I +ERE IR , /8 T 0—300 em + )2 - HEF 04
fiE, R EGAR R ALY, (AN T REAR TR, BUR B 5 700 5 TR B AT B e e S el = 38351 T R )2 35 43 o0 A
fE, SRPE A SR O FE AR AR IX ] BT 0—80 em 12, X SRR R T EA A X, 32)Z 0—60 cm
Feor T LR SR i = TR S B, A28 R Pl - S U 9 4 i R A (RN R A )
FRor- B B 3R 2 BRI

AR 25 A SR IR 10 2 S T W | — )y T2 55 % b 2R el it A R A R AR A G, 05 — D THI A
BRI - R S S VSRS A IR OG BT X AS TR) X sl S el - 3 55 2 i 22 5 8+ R el vt A 7
W RUFH SR el 1o 1% 348 it A ATLAIE R R, S A A, P AR Bl 07 122 3 224 1t e A AN A A, s SR el 348 it A AL AES
SRR AR A, G G SR e oy 1 it A HLAE AN RO, 3 2 I IE  SE 2 b X HEFR IR B e 2%, N K it
HE A7 B8, Bt AT ILAC , OB B0 A A it ), SEA TSRt AE 7 SR el o7 388 it A AILAE RN Z2UAE , 38 24 48 Il A FH
AN 3G = DX SR el R 75 1 it A DAL , 7 MLIE RE et R fb Motk 42 i N8 g A8 BILRE V5 g Ay it A F) 56
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