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Abstract

Taking 8a raw “qingxiang” walnuts as the research object for 2 consecutive years (2018-2019), the
effects of different nitrogen, phosphorus, and potassium ratios on yield and growth were studied,
with a view to formulating a balanced fertilization technology for walnuts in high altitude areas to
provide a theory. The results showed that the fertilization treatment effect was higher than that
without nitrogen fertilizer treatment. Under the same conditions of phosphorus and potassium
fertilizer, the yield, fertilization benefit, leaf area, SPAD value, and nutrient content showed a pa-
rabolic model with the increase of nitrogen application rate. It is a peak value at the horizontal N2
level, and the DBH, side branches, and tree height show a linear positive growth model. Under the
condition of reasonable combination of nitrogen, phosphorus, and potassium, excessive applica-
tion of phosphorus or potassium fertilizer will significantly reduce the benefit of fertilizer appli-
cation; the nutritional imbalance of the tree body will affect tree organs and the normal growth of
the leaves. The former increases the accumulation of lateral branches, and the latter promotes the
growth of the trunk. The reasonable fertilization rate for walnuts in high altitude areas is 0.6 kg of
nitrogen + 0.4 kg of phosphorus + 0.3 kg of potassium, which can coordinate the growth and de-
velopment of the tree body, achieve the purpose of high yield and efficiency, and should be widely
applied in this area.
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B

AREL24E(2018~2019) A8ak “TEE” BMNIAXN R, IR TARER. B SRS F='EREK
REREW, B ESER XS PEEES RS KE. SRRY, HEAESRE TG
RIEAEE, EBSTIEAHRANEAMET, EEREENEN, 8. RS, HER. SPADEMFESE
BEEMYBHER, IN2KFPRNIEE, TR, NN EERPIEN KRR, £EBH &A%
BT, SEEBSRIE, MRS ERE, WEEFRRE, ERNESREETFHIERAERK, BiE
REMNENAEKBERE, FEREETEK. BERXEKEEEEEANEO0.6 kg + B50.4 kg + 0.3
kg, BEWMAMBAEKRE, SCUEEREE R, Ei%XMNKERE M.

KA
Bibk, MEREREE, RAR, ARAERL, MATES, LEER
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1. 518

bkt B SRR A R A, R R & A E FRMETIME, AR TRZE([L]. MEERK
H MOl TRE RS HEE RS P2 A K T 8, LS Be A LR 3277 e &R i [2], HOR B
W BRI R B SR X, BB U S B X [3], (E AR = RN 2 R Ak ™= i i R R
HRT R R EL” TEbR, IR CHR AR T A SR SR Pk [4], R H RS
PR I SR TR XS, MRS K, RO SR 25 SO, R R 1 E 3
KR —o BHRRRRR, RABOVAIE, AREERTEERN, HEME KA RLERE 1 X R
W, FRE RIS RS TR O, AR IR 2 e R RPN R A 7, I 385 IR e
RMATHT RBA hR E A, ERAERIEA S, TESARIE, BERELALEAK
KB RE s TR LEBIRC A, TS BO R KA S5 F 2E[5], Ao Rm HaH ™ EiE, Hi
WEREAL, P RARIT AR, SRR R EA R, RN AL SRR G 4, R A B
MAERL RS o P IE S AGE W TR E KR, R E TR T A, Rm ™. B PR
MR RRAS . B S8 7y o I IE RS e AN B AR AN T P A B U ok P 1) B B It 6] [7]. H AR VT AT
PR BIREAL AR, (HER AR AE MR A BAR A AR R 2R DX, X e i A DX B 0 - AR RN 55,
fi. LISERREOR, b, JPRILIURLR:, BERT A F IR T R A KO E K R e, A
W RR S B AR SR S BAR AR, JFOuHE) B SR IEROR S

2. M5 %
2.1, AR
2018~2019 E7E H 7R & R4 LB KT 504#/(35°49.937N, 102°45.994E) 1 J&, 14847 T HH P4 DU E (K
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ETE

g R, TG, RBE) S SR R, BEEIR 27 AR, BHBIPRREEFERSE, XFEETE,

BRI, R 1816 m, FEHEK %L 2323.4 h, G )< 8.0C, >0CHIE 2552.5C, >10CHIE
>1760.3°C, #F[F/KE 660.2 mm, JoREI 153 d. WA REBE SR, NI HBRAL L, b g,

HHE 225 1.18 glem®, BHEBALIEIR A HUR 10.5 g/kg, 4% 0.636 g/kg, lfif % 31.85 mg/kg, 4= 0.707 g/kg,
RO 14.7 mglkg, 223041 0.872 g/kg, #HA4H 188.36 mg/kg, pH8.39.

2.2. R 5RZ*

UG DA 8a A 2 Ak A “TE A N AN R, i AR M SR R rh G IR R, R, TG
FERE, PUSTERMGESRA k. R R O e . WTRLEE . e, Bl s LSRR, BORV
DAL S) KPEEFRAARLT, SEHOR A — B I E R A HE AR, ¥ 6 MAEH (R 1),
REFEDN L RRRY, 3 IRER, 3L 18 ¥R . IRIGEMERESTICH FIZEAE N, BERAD N 60% LN AR S 40%H
PFLEZNE(F6M4), FEAEHEAREAC BT AR E, A ERRIEH RS EIE, ALms
P R A AR R B 4P 78 BRI IR

Table 1. Test treatment and fertilization amount

F 1 HELEREEE

774y & (kgltree)

b3

TN MN FN P,0s K0
NO 0 0 0 0.4 0.3
N1 0.3 0.12 0.18 0.4 0.3
N2 0.6 0.24 0.36 0.4 0.3
N3 12 0.48 0.72 0.4 0.3
+P 0.6 0.24 0.36 0.6 0.3
+K 0.6 0.24 0.36 0.4 0.6

AN IRAE(E N 9%, P,0s 6% K O 3% HHLI 25%) ZHENIRZE(F N 46%). AL A B R
B5 (& P,0s 12%), FAENEREREH (5 K,0 51%). 60%ZUIE B AL AR AEEAZ Bk A & 314 H 19 H)Fjiti, 40%
BAELES R K6 A 10 H)iB . Ky KoAXUa i, £ x %8 x ¥y 100 cm x 40 cm x 30 cm,
RN 5 7 I AR, e F R S 2 A [

23. BIER&ESHZE

AR AESE B, EHFZ4 H 19)5E(10 H 21 F)FEHE 1 m Ab 044X LR I 8T KAl
2 7% bRER EARE IR, ARACEERE 3 MbRERL, TEEE A 5 om AL FEUR IR R RN EHL B,
FH o S A SO B R . AR EINE, B SPAD-502 M4 2N E A i, 1 FRIE R 10:30~12:00 Y[
78 RSB DU R e I, ARACFEI & 20 /N, 6 s B GRS AL e s BCPIAME . i
FREACKEE, FREEEAKIAEB A 7 HYRE, SMCEGHRAMIAR. 1. mE. b4 MRSk
B P AR BRI R (B AR) 20 B, AEARER 60 MO —ANEERL . BEMFEEZE 1/1000 KSFAREUH FE
i MPERUE TR AR R R, FHE R S EA AR IER A TR, EAE T R ES TR
R TR, RE AR 4O S, AR R e A R T E A S S AL A
MR E TR INE , B TS I RERTES 5 FH HoSO4-H, 0, W iR, 4% 4 B 3L IRGE BN E, 2RER
FPVEHB Ll e, A8 @ EIE .«
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RIGHHE Ty 3 MW 3418, & H Microsoft Excel 2007 1 SPSS19.0 4t i+ #4347 4814347 .
3. BRE L
3.1. FEIEARALIERT = B2 K e AR 3 #5 RO R i

2 IR A AR, ERPICEC AT, AL &AL B AN A AL S 7 16.4%~32.1%, i
R R R RFIZ = BB E IRt R, % 2 FHH, N2. N3 Fl+P LLFE ) 2 4F bk T 2= B E al =47,
AR E A B A L, SR 58 32.1%. 29.1%F1 23.0%, PR EZE RIIE B EKE: N1 fl+K
PIALEE 2018 £F ik 52 K, Ui BT O i 4 BEIA B A1 H . +P RI+K B, 5 N2 A FEAH LR,
53 AR 6.88%F1 11.93%, 1t H ik 5 384 il ol 4 AL S AZ B AR A 2 R A T S 0, T e it R A I ek
MR K. BB E SN BRI RR, yv=-0.181x + 1.38x + 1.652 R* = 0.999. H.jiti %\ & 5/ &A=
PEMZ R, RN 7 AR HE S (B RE AR A Mk 5 e 7 Bt UIE Ay 0.56kg e

P 2IENTE W, ARG A EOR I ZE S, I DL N2 A SR A (E 43.6 TG, MR 11.4 7T,
JEAE R 7 32.2 Tt i, +K AbHE 24.6 TTARAR, PIALFERAHELEL, AT HEIE A RS e m 1 30.9%. i
A PG e U A A B R PR AZ Bk () i A A A

Table 2. Analysis of yield and benefits of balanced fertilization and different fertilizer treatments
= 2. FEhEREA R AR IR Y =8 K AR & 4T

77 (kgltree)

Qb3 B NO 4772 (%) FEE (TG tree) AR (JTitree) AR % 35 (T tree)
2018 4= 2019 4F X

NO 140D 190b 1.65 33.0 4.7 28.3

N1 167a 233ab 2.00 21.2 40.0 7.9 32.1

N2 1.80a 2.63a 2.18 32.1 43.6 114 32.2

N3 173a 247 a 2.13 29.1 42.6 17.4 25.2

+P 1.70a 2.37a 2.03 23.0 40.6 12.6 28.0

+K 163a 220ab 1.92 16.4 38.4 13.8 24.6

T TR 20 Je/kg, HIRAE 25 Juikg, JRE 1.9 juikg, EREERES 0.7 Jt/kg, BRERAN 4.0 Ju/kg; [RIZVEME JE AR NG TR B R & A
e 2R EEKE, N

3.2. A [Elie BRAL R X A AC A S M

AN [ il AR AR BEXT A BEAR A AR KRR . 3% 3 AT, WAARBAR . BRAERL BRI AR
It 25 e e 18 7 2 2R R IE M KA, LB R 4 N y = 0.5757X + 1.206, R* =0.8439, y =
0.459X + 0.964, R®>=0.8675, y =0.5179X + 1.085, R®=0.9886, M J5 %M Z ¥ b o] i ket M =AM
ARG E R KT REME > W > drfEr, WHBES RS E, HEPmES RN AR RS
HER

TER B A M IC 0 26T, +P MK A0 5 N2 AHELEE, 4% B AR 3 &4 B3R & 1 —23.7%H1
~13.3%, FrRER ELARJHAEIG & 42.3%M1-8.1%, W i 438 E-27.8%F1 4.3%. 1 B It B 4 it gk
BB, ST THF RV R, U5 S AR A i R AR B S ARG, S R AR
JEE I U0 A O B 2B K, U T 4 it A A 2 A A T R B, RS SR, RS e
K.
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Table 3. Effects of different balanced fertilization on tree growth
F2 3. AT A A (5]t BE A 2R X ikt 4 A < B 22 i

. i 4% 44 £ (cm) PRy B A1 5 (em) W5 1 8 (m)

o 2018 4= 2019 4F X 2018 4 2019 4F X 2018 4= 2019 4F X
NO 1.07¢ 1.09b 1.08 112a 093a 1.03 0.78 0.90 0.84
N1 1.23 he 1.68ab 1.46 140a 0.80a 1.1 0.98 1.13 1.06
N2 1.62a 1.76 ab 1.69 151a 0.70a 1.11 1.10 1.20 1.15
N3 1.42ab 2.20a 1.81 150 a 1.65a 1.58 1.28 1.26 1.27
+P 1.20 he 1.38b 1.29 145a 1.70a 1.58 0.85 0.80 0.83
+K 1.35 abc 1.58 ab 1.47 1.21a 0.83a 1.02 1.27 1.13 1.20

3.3. FEIMEARLIER FE KL TR m

RIEEE KR, AEGEALAL B A K R FOCEE B, IR 4 B, (EREE AR H
T, BEEFIEA R, M2 h S MBI, 24 N2 AEERHA R, 4 75.4 cm?, FIY
i EUIE S T ke, HO BN TR y = —19.06X% + 28.62X + 79.90, R*=10.999, 75 PR H & A i
FUiE RN 0.75 kg B M 3R 7 A 5 A AR A 18 B 2R I KA AR, SN FE i y = 25.10X + 124.8,
R?=0.945, y=13.28X +36.4, R*=0.952, £RuiH, M HAEEERICRERIIEE. 62 BT B
[FR AT, SERREAEH AR . B E A3 50 7)) 1 325 -5.88%. 9.46%F1 14.73%, ity 14 it £ I HAH
I3 AR F—11.75%- —9.16%F1-9.50%, W 7E P fta AT (¥ 2L it b, PR REREAL, #f T k R AR 3G K,
e 1 o i SR AR, T R e A AP S e R TR S T R R AR

ARt AR AL BT - P B IR 2 S R O, Rt e EEH . & 4 IEnTEH, 7ERH
REFHEAH R 2T, B A E MR R A, BRI & R S A a5, YA
FE N2 KCERRTIA B, FHEmMERAE, AP RERHS 252 N as, R uane s
B B R . EA B AP AR 25 T, P BB AL, v R o) B B i S i,
RIS ERERNBE TRBRES . SRR . IR0, S s e IR e R . 4%
% SPAD fH /& R ot A A FRIAE B PE I B 2 e AR . IR 45 R, SPAD {5 M AR A —
i, BEEREHERIN, SPAD {H B ML, y=-14.96X? + 22.19X + 31.07, R?=0.990, Hi&H:
Werar, FHRON 7 FEHES H SPAD fH S KAERT I & 0.74 kg i S iamE A 24 0E, HEHET
B, AFITH RS EER .

Table 4. Effects of different fertilization rates on leaf growth and development

4. TREIEREMNHFEKELERM

b HERCem)  EMEEEQ)  AMTE(Q) Z(N) W (P,0s) H1(K,0) SPAD
NO 79.9 126.4 37.0 1.266 0.098 1.365 30.9
N1 86.8 133.3 41.1 1.668 0.103 1.680 36.8
N2 90.2 135.3 421 1.784 0.114 1.681 38.7
N3 86.8 157.0 53.3 1.778 0.102 1.457 36.2
+P 84.9 148.1 48.3 1.426 0.191 1.390 37.8
+K 79.6 122.9 38.1 1.433 0.101 1.740 346
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4. HREITR

XA 21T R 45 F W], Bk sk iti% 0.345 kg i 0.345 kg 47 30.45 kg Ff, {7 eb i = &
RE RS R 520 [6]5 4 R, Bk s B AL R A% 1.0091 kg, % 0.1904 kg, £
1.2276 kg, et &% 0.9875 kg 4 0.1648 kg 41 1.2260 kg; [x]22 FE[912545 TR B, RLHEAFE it e
B BAERC LL AT A4l FR 0 N5 055 kg B 0.18 kg 4 0.47 kg ASWFFCSEREH, bkt L= % 0.6kg
+ % 0.4 kg + ¥ 0.3 kg I, H= NP A, FHRON T AR HER & 9% 0.56 kg + % 0.4 kg + £
0.3 kg B, &5 5 a1 AR A —5L.

TRIEZESE[10]45 R, FBERCEAAEE S5AALAH L, R pkthie iy & 1.54 cm, &30 0.59 m,
FrEEAE KRR 28.35 em. PEFH[11]A5 45 REN], AL E it 1.82~9.57 cm, X =56 H G
1.41~2.30 g. ZTEMN 1.11~1.9 g. RRE[12]EEREY, £t EEE N, ZBFitaese s
Ak )T F G K B AU A R, FLBE A A & 0 19 o 9 o0, A b U0 23 3G N 3.6%~16.1% 1
94.6%~113%, Hic it B I 1.8%~5.3%F1 15.7%~17.5%, ECHEATACIE N 1.8%~7.0%F1 8.6%~12.4%; MM
JrEE RIS INE TS . AT A RN, A RO EUIE & g L AR G & ik B AR
WK BRI 35 AT IR KA, I B I SRR Y 5 AR, IR AR s AR T B
T AR AE AR R i A, SRR A A, ik XAk & BRI & 9% 0.6 kg + % 0.4 kg + 4 0.3
kg, REIEMAEFRAERKMAEEKWER, et 5 AR5

RERLAT DL Sz kKA fe S e B AT, ASFE R IEECRANRI[13], i 7250 K 5 R s 8] 7
SYBENIR G R [14]. Mk S [IS]AER S R, LA FEIRERRE Ny Py K AERE G35 B0 2 3 41
EURBE A NG Py K B, H SR RIS o R & R AR R R RILEE[16]37 A FE 36
B, AR A, G, SPAD (. MR E. M TS SEEEE T
AN E M AL B, AWF RS RN, £ N2 ABKCPRE, R, g EE. R
B RN SPAD EAHX B S, AR TR EEZMOCE R, SISO B .

E&UH
BV 1L R BRI 8 R ARSI (45 [2017] ZYTG13 5) BE ).
S5 3wk
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