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Abstract

To provide theoretical basis for high-yield and high-efficiency fertilization technology of walnut in
high-altitude areas, the effects on different fertilization periods and methods on the growth, nutri-
tional status and yield of walnut trees are studied by taking 8-year-old “Qingxiang” as the object.
This research is carried out with six different periods and methods of fertilization as following: 1)
base fertilization at germination, 2) base fertilization in fruit expanding stage, 3) base fertilization
of fruit nucleation period, 4) base fertilization in fruit slow growth, 5) germination base fertiliza-
tion plus supplementary fertilizer of fruit expansion stage, 6) germination base fertilization plus
supplementary fertilizer of fruit nucleation period. The results show that, the sample of 6) is the
highest in yield of per plant (4.2 kg) and fertilization benefit (30,600 yuan/hmz2), the diameter
breast-high (1.4 cm) and annual increment of branch diameter (1.09 mm), leaf area (83.0 cm2) and
louver weight (35.0 g). The later the time of one-time base fertilization, the lower the yield and
fertilization benefit. However, the annual increment of diameter breast-high and branch, leaf area
and louver weight are significantly increased. While, these are significantly lower than that of
two-time fertilization sample. At the same time, the change of tree height always contrary with
above. With the postponement of one-time base fertilization, the nitrogen content in the leaves
greatly increases, while the phosphorus content decreases. The two-time fertilization is in the mid-
dle level in the nitrogen content and about 1/3 with the phosphorus content. It also finds that the
potassium content hard to change in one-time or two-time base fertilization. Above all, in the high
altitude walnut planting area, the germination base fertilization (0.36 kg N + 0.4 kg P + 0.3 kg K)
with supplementary fertilizer of fruit nucleation (0.24 kg N) can not only meet the needs of differ-
ent growth periods of walnut tree, but also improve the fertilization efficiency achieving the goal
of environmental friendliness and high yield.
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WA FHEAER B 5T EN A AR R T . BFPREAZBIERE, ARER X w0
BARRUEIDMKIE, DBEE “BE” AHANER, #%1) HRIIEE. 2) REWRHEE. 3) FLE
M. 4) R KEE. 5) HRER + BRI AHLEN. 6) AR + RLEREIE
M, 6NAEE S TEHELE, FRETHARH L. SEREW: )RR BEMEIEKE . W
BRI EAFENE . HERM AN E AR, 77594.2 kgfl30,60070/hm?2. 1.4 cm11.09 mm.
83.0 cm2f135.0 g. —RMEMEH B RBIR, H=BMBERRBE, M ERAEnE. NEER
g, HEHR. BHENEHERS, AHERTORERNSAE, WEEARZ . —KEEHER
BRIER, A PERSREAERE, SIKERLAENTHEAT: BRSERERK, Ktk
HYH1/3; HRSESFLEDRAK. 4t EHEREMMEERX KRRk E, SHEHK
HIEE(0.36 kg& + 0.4 kg + 0.3 kgif) + RELBEBHNEE(0.24 kgR)ILERL, EPELEEIH S B RHEAR
FAKRENERNTR, XERBHEENE, REFERKT. BEm8E K.
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1. 5|

B H A e WA R FEARR R, SRR, RS A L AR R L SR B AT
FARE AR R s 3R e, AR H IR AR L BT SR e P XA B U @ B X [ 2577 “ RS ER R A
PR CIER CHIN AR O E SO ER AR R e 2], MR IAUE TR, SO SR A A
DREOSCREP b, WA AR TERIE . — o ML R bl B B, KR TR, 075U 9%
JoER ML RER AR B B, RHWAUE, A OO BB S A AR, T H R
AR R T HA EEKFN[3]. 5T AT FT[4]-[914 KRB, ASF N Py K i AEAL B % Bk S A et i
FURE ., AT FBEEN RO R AR RN B, HUONE BALAS . BRAC A ELARRON,
LR EAR RN A B . KIS R AL, SR IR S R G R, AR RIS, T
NEFAR AR B O B BRI A . BB gt 7y /b RS G AT B A T F AR B #E
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W E . SRR VCBRUE, BEE AL, R E AR RN, AT A
AR 2B A e B it R A8 i o KO AL R AR IR S AR Ui B 17,890 L S i 14.7% 13 %, MZETH
Jiti 20.8%. T RMEM A IR A KRB AR, FrffeohSmEceE A —FE[10], Ra7enFIRR
H IR 97 2 TR, SEBURZE IR0 BN 5 i P AR 7 SRAE SR DGR I 8] R0 e B3,
A BeSE RV BT FIRCR, AR m = AR [11]. £ HIN iR A E SR R X, i
N F R ROEIER AT %, TR EEMA. WaMEERKRE . e i, ZERF Rl R
BUE R I R A EEE

2. #REF*
2.1 RIEE MR

58T 2018 4 3 H~11 HLEH A FA th B K 5 41(35°49.937N, 102°45.994E) KA Z A 12 Bk el SIZ it o
RIGHA T HE ARG A, . ALFE) RSB Fid, FEEI 27 A B, &S B Kb
PEF XA, XHFEFTE, BKFEE, ik 1816 m, 4 HIRE % 2323.4 h, HFH5E 8.0C, >0CH
I 2552.5°C, >10°CHHIR 1760.3°C, Ef%/KE 660.2 mm, TCFREHI 153 d. RIGHE EMSE, NI
Hopker+, B, PHEZE 1.18g/em®, BHEEALMER: AHLG 105 g/kg, 4% 0.636 g/kg, BRMEA
31.85 mg/kg, 4= 0.707 g/kg, A XUk 14.7 mg/kg, 22308 0.872 g/kg, JH#4H 188.36 mg/kg, pH 8.39.

2.2. R

I LA L R A TEE ONARL, 2R R SR h SRR, R R, &R,
Uf, P PE RGBSR AN 750, BERSA 8 4F, #RATHE 5 m x 4.5 m, RFA L 400 Fk, & 4F = Bk T4 1.25 thm?,
FEFE RO R S BT R AR E IR AR 8, TR, I BT R 30 BRAZAR (FL
AR AR A 18 4R, AL 77 = 12 BR) T RN G . AHL-THLEIRIE(N 9%, P05 6%. K0
3%, AL 22%), JRFE(N 46%), ILBERZES (P05 12 %)Hi Fe £ (K,0 50%).

2.3 WEE

TRIGTE H A BT AEAH R 261 T, B 60% EHLA R 5 40%H WL A ZAE(FOMA) N R R A 5 LA HLE
BAPRELTE, B B BRI AR A RN, APESE AL - THLEIRIES A E NTHE
WA, REEHTR B4 H 19 H), BsR#IG H 11 H). Bsciiziie H 1 H). Rz b Ko A
11 H)6 M A A AL EE 5 v A B (2 1), RRAREEN LR, EER 3K, JL 18 BRI, SRABEALIX RS
Wit ARl KRR AL FeabHE A B N s RERL U A AR IR Y 60% A A AT AL AE
HWAETWIMN, 40%EACI LB BT IEAT S KN . HEAE T RO ZOIR A, 2R 10 75 035 XU
WYL, K ox B8 x 72 100 cm x 40 cm x 30cm; e HH )4 B 5 2 1 A

Table 1. Fertilization time effects on walnut

= 1 kit AT EARL R iR 36

Fr 53w (kglHk)
gl
TN MN FN P,Os K,0
(ORI Y-3 1 0.6 0.24 0.36 0.4 0.3
@ FSEK 0.6 0.24 0.36 0.4 0.3
® R 0.6 0.24 0.36 0.4 0.3
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Continued
@ RS K 0.6 0.24 0.36 0.4 0.3
® R + R 0.6 0.24 0.36 0.4 0.3
©® #ik + BEZM 0.6 0.24 0.36 0.4 0.3

24. BIEREKESFHE

FAERKERWE, JefEm iR BB X R AR D, RRCERAEREACAT(4 H 19 H) 5% M 510 A 28
FBEATIE S, DA%, THEREZEE . ARAE G 0 B AR RE M 1 A P 0068 609 [ RN B8t
Ky PrRAERCEARIG N, EEACFEIERE 3 ARARMERL, FEFRER 5 om AL HIECR bR R RN E I EAR, 7Ok
HRTOI s OO S v R REAR T RSB A K H 7 H)REE, TR HRRFEN AR, . .
Ab 4 ANT7 1) 2% BUR B A HR 8 P BREFR) I P (5 AR 20 v, R4 B 60 ANy —MRE L . I E 22 1/1000
FAVRRHRH P B AR T TR AR i R R RS, B S AR EOV TR T, RS
MR EEIF BT M AR, AR ARG R, B RIS A, T EAM T EE
HE AR E SR A E TR IE, M S RO RERTEE JE T HoSO,-HO, T, A% 42 HahdLIE
A E, EBER AUV L EIEIE, 280 KGRI E [12].

3. BZRENh
3.1. FRIMEARRES AR E RS R

R 2 AW, EREARRIET, PR R OO IS A B R T AT AR R, Al T
FLAE + SEAZIE AL PSR R e, O 4.20 kg/PR, B AU i+ SR SRR I Tt 7 AL B ) B bR
AL, RHXE 99.3%, AL FRES IR S A i A R B 2 R W K, U SR ALY it A SR S
G e AR AL fti 7 22 S B AR W R KCP, BER IRRAE A AT A IR RS AR . B
U T A S ™ S B =z, R ST A 3t A R 5 2 18 A A3 it 7 22 e P T A S KT
I Jt L G 7 R ARG, R AR A x5 20 BB e A A

Table 2. Effect of fertilization with different times and methods on yield and benefit of walnut
= 2. FEFTHAS AR = 8 R EE AIF2m

s 7 H (kg/ k) AT 5 (%) FEEOUhM) A Lhm?) AR (F6/hm?)
© #RM 4.00 abA 95.2 32,000 1500 30,500
@ RS ARH 3.80 bAB 90.5 30,400 1500 28,900
@ LA 3.40 cBC 81.0 27,200 1500 25,700
@ RS K 3.10cC 738 24,800 1500 23,300
® WK + ERH 417 aA 99.3 33,360 3000 30,360
® R + M 4.20 aA 100.0 33,600 3000 30,600

e RAPEIE 3 KERICFIME:  FSIEAE A RIS T 150 IR R 45 AL PRI 2 57 4 5 28 B K0 i 1 KB L. A T3
1500 Jihm?, & dh B 20 TE/kg.

R BAEAE + A S i A 3 418 33,600 Te/hm?, Tl A L% A\ 3000 Jo/hm?, i I 2% 25 55t & 30,600
Jem?, FLUR A RS AR R R + AR e AR A 435 30,500 Ji/hm?® Al 28,900 si/hm?,
B S, ST A K Rt A HE AR R B R AR, O 23,300 Je/hm?. BRI X Ak B R B
B+ BEAZ G i A B AR = M AT A A, IR, TEAZ Ak st AT A 3 1 R R it
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3.2. FEIHEARRHS AR ZBER EE KRR

ANTE LTS AT R AR BRI R . A 3 B i, A AL B MR AR 1 AR Ak, U e ]
BT R REAL, R SR AR A ST A PR ) M N B A, 9 1.40 om, B R T+ RS KOG
AL RV, RN AR 0 85.7%, B R MIBL AL B AR, AN AR S IR A 51.4%, BRI L
AT HIFRAIIE; — RAEIE AT AL B A AR LB, SRS it A B M A s, AR T HAv b 2
fife i 1 13.4%~29.2%, it WX DA 1R A AR B i KN ) A% B PR DA T34 25 A, 25 Ak 2]
PRAERCIFE BARIE KRR LR, AT AL B By T IR PR AR AL 2, g AU A S g A2 AR
—E B T UGEAEE A TR R AR R MRS R TR AE b, B AL SRR AR TR A ELAR
WK ERE G, HARIE R ARG I, DR SRR A e K, PR AT A 1
ARAANK, Ut IR SR ST A A B A A Rl KN ] ¢ 3 3BT LA Y, AT A v AR AL AR
—RPERAE A e ORI ARG, B R AT IR Y v B 2 A, R AR AT R AR
A, AL IR R A R R A

Table 3. Effect of fertilization with different times and methods on tree’s dry matter accumulations

%= 3. TRINEAS AR MR R AT IR RRERIFNT

e 4% 1 MHRE MR AR A AR R WM AR

(cm) (%) (mm) (%) (cm) (%)
© #RM 0.72 51.4 0.82 75.2 1.02 125.9
@ RS ARH 0.75 53.6 0.83 76.1 0.95 117.3
® R 0.93 66.4 0.98 89.9 0.82 101.2
(OF %3 LR S 0.82 58.6 0.98 89.9 0.72 88.9
® K + ERH 1.20 85.7 1.02 93.6 0.77 95.1
© #ik + B 1.40 100.0 1.09 100.0 0.81 100.0

3.3. NRERERHHSAANH FEKEFSSERRR

ANTR] it AR 35 07 e B AR B R . 2% 4 AT, S ARER R A TS SRR AR B, TR
A E R I R bR R AE AL B T OB AE A, DL R R i+ A B AR A A s, il
79 83.0 cm®. 110.0 g 1 35.0 g, #&—XPEMEAEAL A LR, 2R E T 6.5%~28.9%. 3.0%~26.9%#11
10.8%~43.4%; i AR+ K B AEALBE 2, 73 s T 0.8%~21.9%. 9.7%~35.2%H1 2.5%~32.8%,
Ui B OO AR A R T ARk AT T R AR — IR IR Ab PR 2 [RIAE LR, 6 A T AR A
IR, BB R B RN, SEAEET A TR AR RE) S AR . e A T ) S A IR R AR
A, 43514y =0.178x + 0.186, R® = 0.818, y = 0.264x — 0.318, R*=0.870, y = 0.086x + 0.205, R? = 0.994,
HARR REEEi(p < 0.05), Ui BAREE Bt AR AR HER , SR A KN4 2 1 SR AR

AR AR 5 77 SO o E SR e R SRR, R AR R, BEE R R,
MR R AU SRR 8, SR A KB AR AP A A S R R, N 4.688%, SRS RE A% I R it K
Z, ZURRAERIR AR = VUL, LSRR RS it Ak B A o 0 B A ) it AR R 4 i
Ja FEABCRAR S e, AT (A R 22 A SR ) it RE AR 2 23 BC 20538 B (48 BT 2 AR ATHAR),
JEBE RO AR SR B (A BT AR E IR AR SR SE), IO SE R B e A K M B TR AR
MAEKs UEARIR R T RIRRCR, AT g 2. W BER S AR 2 B A RO AR IR
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A B 2 BRI, WSS i A B 0.197% iR, ARSI, L. g
KL AL A L RE, 2> 3R & T 5.9%. 16.6%7F1 64.2%, 5 it JEFTALFRA LA, 23R e T 203.1%
H1239.7%, B F A BRI 1) B SR As B, AR S SR A B, M AR S BRI
Ko ASTRIt AR A B 7 20t 80 28 2 R AR EE S AN K, AT RE RIS HE A U & B = A o0, R
AT ARSI REXT AR IR B R R A THPUER, SRR A B S BRI,

Table 4. Effects of fertilization with different times and methods on leaf growth and nutrient contents

= 4. AEMEAS AREIEXNH R EKEF S & BRI

st HHEA(m?) () T (g) N (%) P20s (%) K20 (%)
© R 64.4 86.7 24.4 1.337 0.197 1.479
@ RS RH 66.0 88.6 26.6 1.756 0.186 1.621
@ JLSehE 76.5 102.6 28.6 3.402 0.169 1.256
OF %3 LR S| 77.9 106.8 31.6 4,688 0.120 1.449
® HE + KM 785 117.2 32.4 2.394 0.065 1.360
® #ik + B 83.0 110.0 35.0 2.009 0.058 1.666

4. BER5VHS

PRI, dh E3RAr Eh TR &3 B IR AFAESE S, SRR TR OCHER 1], i) L35
SRR FEGER T, I 2 SEOIEK, LT nR R, RS S AR MERIL, FikE
BN R AEDRE R R R 2R B IR D Re S R SRR e . BRI AR A AR AR KR
BT A AT}, g LS AR SR AR P I R ORIE[13] 0 SRR X S BRI o O AE TR R 2
Ty ANIRI B b EAE R AR [14]. 2RSS ALEE SRR, &A% 38  NAff (i (AR 28 B MR
WAL 1IN BEXHZ A% B A AR I ST AR ) BB RS 1 2 1 B K 4 YGB AU EE PN R 24y
B 1A 2 UGB RN R 27.4%A1 15.5%. TKIEES[ISIRFFe L SRR, BEE ML G AE, kAT PN
— PR Z G ZE R 2B R o AT FE 45 S0 0, Yt A (1 2 9 i+ L S0 TS A P e AR 1 B i+
PSR 3 J)  Ah FE B R R 4 4.20 kg A 4,17 kg, BT AR Ll AL BRI 7 5.0%H1 4.25% 2 A
SEAN, B AR P 10.5%~35.5%11 9.7%~34.5%, 7 B2 RIA R FH B R FKT, TIkGtIEEE
REE R BN R A KR B I B FR 40 T 2R, SCRE DD MR IR G i 2, B m RO 24 25 A%
N AE R B 1 7 B R, i R R it SR ST A% 03 it A B T R Al + SRS e . — ik
BTt AL BRIA], B BRI, T RBIE AR A BB S AR R TR RTE SR BT, B AR
[0 DEATE, BEESEMEN TR &K RIEE, aTaesliamEna. . S% R
RAFEPAER[16], PACE IR ICER Z B ISP, R = & 1R B ANRIGE5 18 -5 A AT 50 B SR A
Witr. DAL, TERR XA RIE X, SEiAndl At 60% RN 4 B AL E 8 % JA L,  40% % AEAN
B IS SR S A S i

T TR E R S A R R, BIZEMI H 20 HDAEAE, EIREE PNAOBRE K HFHEK
6 A 5 H)MAE, R8s i PN EREO BAAEKII(T A 10 H)MAE, e w5 ° N iR
Ko RHEE 1AL AR g B, EKFRMIE A 2 H~5 A 16 H)iH "N-JR &, PN %
BT, RGNS TR E S T ARG, RSSRUUS BN FFGE R 3 R R SR A%
(8 A 1 H)MEAE, N B TR s KRR A K, MAREBEA ;R KWo A 1 H)
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AR, NSy & h AR . BRARSE[7]. D7 BN [T AR e 45 R, Ak R AR i 2
JErH, ST R AL, B R AR ORI SR AL, T e P A R SR S . AR
REWY], B4 Ahai2 s A a)iie, ARG E, @l Es, BN TRE . Bt
Fisk. BSSp RS E A K, BHAM B E G K B AR () B AN, R s,
WikiAee H 1 H& 7 H 11 H)MAE, 20 BEH TARAKAEFRAK, MR &K AT &
RSN A G S,  TR E IA EAE BRAR s T EAE (R R+ SR S A G it ) 1 A R A 4
AR, BRI i s, 308 1.4 cm A1 1.09 mm, A S EE A 0.81 em, 5 — KPR A b FEAH
Ebis, AHSHHAE 1 B 20 i) A 51.4%. 53.6%. 66.4%F!1 58.6%, XA ELAZIE INE /> 5N 75.2%. 76.1%-
89.9%F1 89.9%, AIX# KB/ 125.9%. 117.3%. 101.2%F1 88.9%, 5B — Vi 3 &2 T 4%
BERA TR BRI, $em T ARERIRIAH AR, CRefRtnt. . Bk, BRI, Bing =M X
PRAE, PRI R R A I, Rk, W TRHARE A K S AEEAE K EFRER, S 1
HEHESRE ZRRE TR R CG, ARG s A BRGNS AR R, AN EE R, ik
SR ST A R EEA—

325 /KT 5 B SE 2 M IR RIR P o RBH L [18], M A 2 e B E M EES T, MRLEKK
et BRI, KRR R 15 5 & & ] SR A4 B 75 ISR A L [19] o A [R]85 77 =K
JitE ARSI A AR K R B IR, X SRR, . . RIS, RFEAE I AE KA
BEET WA SRR KPR m AT A K, s A EeAS B N EERt, e
SEAFEI N Etilie, A8 TN &R0 R[], WA A5 P &5 R & 2 B3 FUHK
[20]. AREGZE LW, i AL BE RE ARk A S (7 77 AR K A v 0 B 37 43, SURE A i SR S TR B 0%
SRS AL A R TRy, TSGR AR AN T &, R TORE I, st &. HAh Wl
AT T 14, BRREAR, art i s & S Are AR, R — P,

5. &

NI 3915 7 A SRk B 5 MR ™ A P T L RS K 7 B T2
Bt - SRS R AE (RO RS FE RGBSR X (0 VTR, SEBRLE T K01 60,36 kg
B +0.4kg B +03 kg #l) + FIBELBEM0.24 kg FOMER, HIREWSIH LA ARE TR, L AESER AL
KRB BIFR TR, Wb 7R R GRS, SRR, B TR H ).

EEIE
B L BAR R Bk 4 0 B AR s Y HE T (S5 [2017]ZY TG13 *5) B
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