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Hazelnut yield and fruit quality with foliar N, P, K fertilizer

CHEN Feng, SU Shuchai, ZHANG Bing, CHEN Zhigang, WANG Wenhao

(Key Laboratory for Silviculture and Conservation, Ministry of Education, Beijing Forestry University, Beijing
100083 , China )

Abstract: To set a technical basis for foliar fertilizer application when cultivating hybrid hazelnut, a L (4°)
orthogonal design method was used to study the effects of foliar N, P, and K applications on yield and fruit
quality of hybrid hazelnut and to select appropriate N, P, K ratios in the Beijing District. In the experiment,
we used three kinds of fertilizer: N, P, and K. And the application rate of N was 0 g-kg™, 1.2 g-kg™', 2.5 g-kg~
!, and 3.5 g-kg™'; the application rate of P was 0 g-kg™', 1.8 g-kg™, 2.6 g-kg™, and 3.7 g-kg™'; the application
rate of K was 0 g-kg™, 2.6 g-kg™', 5.2 g-kg™, and 7.9 g-kg™. Results showed that a foliar application of 3.5 g-
kg™ N at the shoot growing stage significantly increased the yield (P= 0.012) and the single grain weight (P=
0.042) of hybrid hazelnut, but P and K did not. The foliar application of N, P, and K did not affect the
apparent quality of hybrid hazelnut significantly except 3.7 g-kg™ P, it increased the fruit diameter (P= 0.022)
and the rate of shell (P= 0.003) of hybrid hazelnut significantly. The application of 1.2 g-kg™ N reduced the
crude protein content significantly (P=0.024); the application of 2.6 g-kg™ P significantly increased the crude
protein content (P= 0.049) and significantly reduced the crude fat content (P= 0.029); the application of
52 g+-kg™K and 7.9 g-kg™ K significantly increased the crude fat content (P5;=0.044, P;4=0.014) ; the

application of 2.6 ¢ -kg™ K significantly reduced the crude protein content (P= 0.013) and significantly
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increased the soluble sugar content (P=0.028). For the sixteen treatments, Tr14, Trl5, and Trl6 increased
hybrid hazelnut yield the most; compared to no fertilization the effects were an increase of 278.1% for Trl4,
159.5% for Trl5, and 373.7% for Tr16. The best combination was 3.5 g-kg™ N, 3.7 g-kg™ P, and 0 g-kg™ K.
According to this comprehensive analysis, yield and fruit quality of hybrid hazelnut improved the most with
Tr14 and Trl16.[Ch, 9 tab. 17 ref. ]

Key words: cash forestry; hybrid hazelnut; foliar application; yield; fruit quality
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SEARREAL, BLT O SR A S AT e )l B A, RO RO AR R E S R R is . UL,
T T R i Ll Ak 2B 7 b AT R R B A A — AP E X, E i WAL R AR R AN AR, A
REACR TN . SA4E S H Fi [ JE R Hb IX 1) F 2 A58 KR Corylus heterophylla x C. avellana A& 35 i, H.
AR, RO, M, F0M ENGE, P2 RMReEY. BaAr, 47" BT Corylus chinen-
sis L FER A vk, (Al Tok. Br. M. BRSOCR 5o RIEE e mxE AR R HEROH, HAS IR 14
P TR S EAE, MR ARES SR, R4, i TR S, R X F fiEIe &
BOR, it RS, Ml &R rE R, B IERH B P BOR R RE R Rk, B BT — R AR
Belnl > B, 38 AR R b 7 - R I AN R MR B, LR A I AR R X
FNHAT R IR, BT LN A HRGE . BECHESE R T MR A A OIS X 4 58 R T R A
AR, PP ER . M mE R S W E R AR T S AR TR ALK, 12
ER SR, AT UL, B AR AR S PR AR i o (A [ P X S T I IE X AR e SR S
JT 5 e E A DL GE . BRI, AR IS W SE 1A [F] B S I LU IS T X e S A 7 o SR S B R, B ALE
Xof A% AR B R P it MO R LU A TR AP AR, Ry 2 3 N TRk i o 1 2 I B B AR A

1 #MH5 7=
1.1 I S A AR

I T 2013 ARAE AL HUT B P DX PG AR R 0 bR a7 S2 30 56 (39°56'N, 116°28'E) AT o 15 M + e i
HACTE IR . SR A KRB IER . TOW R FR 8 4R SR Ik 4E
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Table 1 Basical physical and chemical properties of soil of the selected hazel park
pH fH 2R/ (g kg™ AR/ (mg-kg™) AR/ (mg-kg™)  HAH/ (mg-kg™) AL/ (g-kg™)
7.17 0.823 16.04 11.024 92.940 10.9

1.2 REAHZE

IR IEsC T, WEAIERSR L) 7R T3R8 2. AIEERI 2N IR (A 4600 g-kg'), W
MR — SUPP (4l P 340.2 g-kg!, B 520.2 g-kg™), FALHR (B 525.0 g-kg) o IR REA KA K
PIEAR —F AR, T 2009 4E 5 H 13 HAIS A 21 H GRS P A4 K 309 #4751 m B35, LA i A
WK BRARAN T ZK R B, A% IE ST 2 ST it a3 ok SR /N X, BEALHESY . F 2013 4F 8 J§ 27 H 43
MG AL B 7, IR A AL St A B AE
1.3 RILARNE

MR TR AR T A 2 — RO, RS AR AR FE AR R RO o FH R Eb 65 7 0 SR S
AR TR RORE R 2R EC AR vk I SR S AR KRR L IR EL S R DU SR S e Ry, AR S R L e
Fi 554 F Excel 2003 #E474811, F SPSS 18.0 475 224041, Flfe/h B 3 25 15 (LSD) K 56
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mr, KPR 16 19 g;*;k ik ,‘g} (841.21 g JiiS —1) , Table 2 Scheme of prescription fertilization of hybrid hazel
S (LB 1,177.6 g- Bk DAL, BT FE B R(gkg) B(gkg!) #/(g-kg)
373.7%, R ZA4LFE 14 (671.51 g-#k7"), Hp 1 NiPK;(ck) 0 0 0
BRI T 278.1% 5 AL EE 4 () bR R B AR 2 NiP:K, 0 1.8 26
(92.18 g-kk), 15T HALEL M LU A T 48.1%., 4bJ ; NP 0 >0 >
14 RR REROR (25 gD, SamALie L L N Iy
(UbFH 1.99 g- i) B85 T 29.15%, b 8 1y ¥ ) g&f 5 s .
Sk g (178 g ), 5 MM L R T ; NP s a6 70
11.80% . 43§ 4% X 25 % 4% 38 15 BBk 7 12 % B R o 8 N.P.K; 12 3.7 52
W (R 4), EITWEHT, R R 9 N.PK, 2.5 0 52
A >, R-BAkifis. A>>8, UWHA 10 NyPK, 25 1.8 7.9
B X 2 52 M Lk 7 i A BPORE RCRE SR R B R 1 NP, 25 26 0
PE— ST L W I I X 2 5 A bR B A 12 ik 23 37 26
BB 0RO, AT T O AT s NP 3 0 79
RER: BT 35 gk WEIEA R SCH R Eis iy y >
Wk T BT (P0012), HMHARE. o (k it - .
WAL, RS AE K, TR 3.5 g kg 19

U A 2 58 B AT I3 10 84 72 200, Stk I D 3 RXBEFENNELR

A1 77 20 N 3% . W 3.5 g-ke 9 AUIE REWS B Table 3 Yield of hybrid hazel
F(P=0.042) B I 2 A AR 10 Bk i &, WG . 47 F pipiiil FRRR A (g BRT) BRI A/ (g R0
B % 2 52 e SR 512 BRI (0 B I B R L 2 L NP (k) 177.60 199 BCee
212 vt@glest e RAR LI E GG Y H 2 NPK, 111.39 2.07 BChe
LB 0 T R I 24 5 SR 5 1 R 1 B j Ef gi zﬁxz
%5, WFESHALIE S EARE M LT T ) @&z rs 13 08 b
FHHAKERER T, A 14 5508 7 K 6 NPK, 1035 224 ABbe
(17.18 mm), X HEZH (AP 1, 16.02 mm) I 1 7 NPK 182.47 2.09 BChe
724%, HWHZ MR FIKE T 8 EHKFE(P= 8 N\P.Ks 281.57 178 Ce
0.003); AbFH 8 By IR sk 12 /N (15.67 mm), LX) 9 N:P K, 171.29 2.08 BChe
BRA /N T 2.19% . AbFR 12 19 3R 2 912 | K 10 NPK, 136.20 2.29 ABabc
(27.09 mm), tKXﬂL,ﬁﬁﬁﬂ(ﬁi‘fﬂ 1, 23.47 mm)iﬂHT 11 N;P5K; 193.12 2.36 ABab
15_42%; ﬁ}fﬁ 13 E@%i%fﬁ%%d\(l9.92 mm) , I 12 N;P,K, 126.55 2.28 ABabc
MEARST IS0, AR 4 mRERRR D MR mE s
(122 g); SXFMALO092 ) MILLHINT 3261%; - 7 r608 o4 B
KR8 ) S IR (0.89 ), 5 X BRLLM LI D T 6 NPK w411 .

3.26%. ALIR 8 1Y {2 5 i (50.04% ), LEATHEAL B NG TR 005 KT E RS, KT
(46.36% ) G TN T 7.94% 5 L3 13 MY AR AR gemie 000 K LR .

(42.45%), HEXHRALFENR T 8.46% ., AbHH 2, Ab

3, AbFES, A6, AbERO, AbFE 13 ML 15 YA 5E AR 0, xS IR (10.00% ) FEAK T 100%; 4b
H10, ALFIL, ARFE12, AREE 14 FOAL PR 16 #2550 3.33%, X IRALFEAR T 66.7%; AbBE 8 #Y
AR EE, N 26.67%, X RRALREIN T 166.7% , H W # Z (8] i 22 535 2 T 1% 3 K F- (P=0.000) .
TR W BIEX JR SRR AN S SR (R 6) , BEATRRZEHERY, RARSIHIAR . R>WE>H, RARSE
Pit: REW>0 R-CHE: A>#=. R-I5R: f>H. R-S7eR: Bi>A=M. ffFL
RO, TR, RUEHLHR R A s R Seiife . e, REREW EERNER, AILRRZIEARS
PRI EE R, BRI ORI SR 2 e R i RN R . Nt —PIES R . BRI X e 5
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PR SCRAR . R E . R . AR RIS R RN, ST T 2. ESTE R BN B
T 3.7 g-kg” WEENE AR % B3 (P=0.022) MR 2% S AR I R SC R AR, 3.7 g-kg™ I W I BB A5 A B3 (P=
0.003) 34 hn e sc MR iy 25 e 32 40, HAh BT i /- B L. Wl BRIE X J et R e pi AR . RS9 e . SRR
AR WA B

®4 AEAERHRESBNEZETENZN

Table 4  Effect of different fertilizer concentration on yield of hybrid hazel

e R (g R HURE R (g L)
T ez (R) T W2 (R)
N, 153.16 Ab 2.13 Abc
N, 209.13 Ab 2.07 Aac
383.67 0.23
N; 156.79 Ab 2.27 Aab
N, 536.83 Aa 23 Aa
P 193.94 Aa 2.14 Aab
P, 259.61 Aa 2.31 Ab
141.44 0.19
Py 266.98 Aa 2.2 Aab
P, 335.38 Aa 2.12 Aa
K, 332.82 Aa 2.22 Aa
K, 237.98 Aa 2.12 Aa
192.81 0.13
Ks 338.96 Aa 2.19 Aa
Ky 146.15 Aa 2.25 Aa

Yl NG FEEERIRTE 0.05 K B2 R, RS FERRTE 0.01 K B2 5 3.

RS RTBERIIIMNERFEPAUELSER
Table 5 Apparent quality of hybrid hazel

5 b 7 R AL /mm RS /mm 1= /g A= 3/% =50 %
1 NPK;(ck) 16.02 ABbe 23.47 Aab 0.92 ABb 46.36 Aab 10.00 Bb
2 NP.K, 16.13 ABbe 20.37 Ab 0.92 Bb 44.44 Aab 0 Ce
3 N P:Ks 16.13 ABbe 20.32 Ab 0.98 ABb 44.43 Aab 0 Ce
4 NP,Ky 16.17 ABbe 20.53 Ab 0.98 ABb 47.19 Aab 10.00 Bb
5 N,P K, 15.94 ABbe 20.482 Ab 0.91 Bb 44.49 Aab 0 Ce
6 N,P.K, 16.48 ABabc 20.47 Ab 1.03 ABab 46.01 Aab 0 Ce
7 N,P;Ky 16.31 ABabc 20.53 Ab 0.98 ABb 46.69 Aab 6.67 BCh
8 NoP,Ks 15.67 Be 20.52 Ab 0.89 Bb 50.04 Aa 26.67Aa
9 N;P K 16.34 ABabc 20.48 Ab 0.96 ABb 46.25 Aab 0 Ce

10 N;P.Ky 16.72 ABab 20.77 Ab 1.00 ABab 43.56 Aab 3.33 BCc
11 N;P;K, 16.63 ABab 20.87 Ab 1.05 ABab 44.28 Aab 3.33 BCe
12 N;P,K, 16.27 ABabc 27.09 Aa 1.04 ABab 45.4 Aab 3.33 BCe
13 N,P Ky 16.02 ABbe 19.92 Ab 1.00 ABab 42.44 Ab 0 Ce

14 N,P,K5 17.18 Aa 21.7 Aab 1.22 Aa 47.14 Aab 3.33 BCc
15 N,P3K, 16.22 ABabc 20.43 Ab 0.92 ABb 45.25 Aab 0 Ce

16 N,P.K, 16.06 ABbe 20.54 Ab 0.98 ABb 44.17 Aab 3.33 BCc

VWl NG FRORTE 0.05 4CF EZERRE, RS FRARTE 0.01 K EZRBE .

213 rt@e e & XA N ARG FBEET AL A SRR LN AE S B s m LR T, NRT
ol DAE Y EARES B A3 BT R A KT OL N, AL B 12 B REAR 17 5T 5t 43 $i 55 (639.5 g-kg™),
FEXTHRZH (611.9 g kg™ ) HE & T 4.51%; A3 15 A RENG 17 T 5t 43 B IR (588.5 g-kg™), Huxf BRAIREAR T
3.82% ., RCFE 15 AHLER E B Ry Bk s (179.5 g-kg™), HUXTHRZH (159.1 g-kg™)$& 1 12.82%; ALFE S
(AR 2 B e (18 (90.8 gk ™), X HRLLREAR T 42.93%., AbBE 12 Ay nl i M b o it o $ioi i (127.2
g-kg™), EXTHRAL(114.4 g-kg)#m T 11.36%; AbFH 16 9 0] 75 M0 T it 70 B0 A% (83.9 g-kg™), HLXT
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MR RRAR T 26.66% . ALBE 9 BYTEA e 70 Bdme i (15.4 g-kg™), FEXFTHRZE (12.5 g-kg™ ) T 23.2%; 4t
B3 FOALBE 1S B9 R R > B AR (8.8 gokg™), FEXTIRLHREAR T 29.6%. M4, . #1252
PRNTE S AR (5 8), BEATIRZZHEY , R-MUBWI R 8. W >>8 . R-MERRES . B>
>0, R-nl PR U R P> >0 RIS R W >R > HPAEREW, R Re
K, U He B2 52 Wiy 2 S SR SRR I RORLER 19 5 20 B0 222N ER 40 AE L i) 52 g 2% S8 R 2R 5 ]
PR PERE MR TR 0 B RN R . Wit — ISR WAL X e SR R LR I . ML L T
PRI FISE B IR BN, HEAT T T . TR TAUR BN 2.6 g-keg BIBRALBEW B3 (P=
0.029) Mt AR A S HR AL S PRI I I o 4 434, 5.2 gk R 7.9 g-kg I FFILAEAS 1B 3 (P2=0.044, P=0.014)
i 3o SR AR L PRI 7 B R 3 B 1.2 g-ke™ RURUIERERS 0. 35 (P=0.024 ) 3t [ A% 2% SR SR 52 vh ML R
FL R 7 8 2.6 g-ke™ BOBFIE RE S 12 35 (P=0.049) Musi In 2 SR R S P & 1 A i 70 M 2.6 g-kg™!

R 6 EIAEAL AL X 5 T ARSMNE AR BT EY RS0

Table 6 Effect of different fertilizer concentration on apparent quality of hybrid hazel

g AR /mm ALY AE/mm =ik HA=FR /% 7578 R 1%
THME S W2E (R) SFME W2 (R) P W2 (R) PHME W2 (R) FME H2E (R)
N, 16.11 Aa 21.22 Aa 0.94 Aa 45.60 Aa 5.00 Aab
N, 20.17 Aa 20.50 Aa 0.95 Aa 46.80 Aa 8.33 Aa
4.06 1.88 0.15 2.1 6.67
N; 16.51 Aa 22.38 Aa 1.01 Aa 44.40 Aa 1.70 Ab
N, 16.38 Aa 20.66 Aa 1.09 Aa 44.70 Aa 1.67 Aa
P, 16.08 Ab 21.15 Aa 0.94 Aa 44.16 Aa 2.50 Bb
P, 16.64 Aa 20.85 Aa 1.04 Aa 44.96 Aa 1.67 Bb
0.60 1.66 0.1 3.16 9.17
Ps 16.33 Aab 20.55 Aa 0.98 Aa 44.50 Aa 2.50 Bb
P, 16.04 Ab 22.21 Aa 1.00 Aa 4731 Aa 10.83 Aa
K, 16.32 Aa 21.4 Aa 1.05 Aa 47.29 Aa 4.17 Aab
K, 16.14 Aa 22.16 Aa 0.95 Aa 44.65 Aa 0.83 Ab
0.18 1.73 0.1 3.61 6.67
Ks 16.31 Aa 20.77 Aa 0.99 Aa 4532 Aa 7.50 Aa
K, 16.32 Aa 20.43 Aa 0.98 Aa 43.68 Aa 5.00 Aab

VLWL : NE F R 0.05 KT LXERRE, KEFEIRE 001 KT LR .
R7T ZTBRINERFHVESER

Table 7 Internal quality of hybrid hazel

P 4k 7 HLIE Wi/ (g-kg™) M A/ (g kg™) AT A (g kg™ TEH /g ke ™)
1 NPK;(ck) 61.19 Cde 15.91 ABCbe 11.44 Aa 1.25 Aab
2 NP.K, 62.24 BCb 10.14 FGe 12.48 Aa 1.13 Aab
3 NP3Ks 61.53 BCed 17.32 ABab 10.83 ABab 1.12 Aab
4 NP,Ky 62.13 BChc 14.92 Ce 11.53 Aa 1.16Aab
5 N,P K, 60.78 Cde 9.08 Ge 10.6 ABab 1.12 Aab
6 N,P.K, 58.99 Df 16.44 ABCabc 10.35 ABab 1.19 Aab
7 N,P;Ky 61.29 Cde 12.39 DEd 11.15 ABab 1.29 Aab
8 NoPK5 60.66 Cde 12.27 Ed 9.62 Ab 1.12 Aab
9 N3P K 62.07 BChe 15.59 BChe 9.80 ABab 1.54 Aa

10 N;P,Ky 61.43 Cd 11.89 EFd 12.74 Aa 1.20 Aab
11 N;P;K, 61.15 Cde 14.45 CDc 11.38 ABab 1.18 Aab
12 N;P,K, 63.95 Aa 15.55 BChe 12.72 Aa 1.03 Ab
13 N,P Ky 63.02 ABab 14.49 CDc 11.08 ABab 0.88 Ab
14 N,P-K5 62.7 ABCb 15.62 BChe 9.63 Ab 1.31 Aab
15 N,P3K, 58.85 Df 17.95 Aa 12.35 Aa 0.88 Ab
16 N,P.K, 61.71 BCed 14.89 Ce 8.39 Bb 1.49 Aab

YW NG FRERORTE 0.05 4P EZER R, RS TREURAE 0.01 K EZRBE
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Table 8 Effect of different fertilizer concentration on internal quality of hybrid hazel

e HUIE Wi/ (g-kg™) HE A/ (g kg") TR (g kg™ TER (g-ke™)
T W2 (R) -3 {H 2z (R) -3 {E Wz (R) T W2 (R)
N, 61.77 Aa 14.90 ABa 11.57 Aa 1.17 Aa
N, 60.43 Aa 12.65 Bb 10.27 Aa 1.19 Aa
1.72 3.52 1.38 0.11
N; 62.15 Aa 14.29 ABa 11.66 Aa 1.24 Aa
N, 61.57 Aa 16.16 Aa 10.53 Aa 1.13 Aa
P, 61.77 Aa 13.75 Ab 10.57 Aa 1.21 Aa
P, 61.34 Aab 13.70 Ab 11.30 Aa 1.21 Aa
1.41 2.35 0.86 0.09
P; 60.71 Ab 16.05 Aa 11.43 Aa 1.12 Aa
P, 62.11 Aa 14.41 Aab 10.73 Aa 1.19 Aa
K, 60.76 Ab 15.7 Aa 10.56 Abc 1.26 Aa
K, 61.46 Aab 13.06 Ab 11.88 Aa 1.05 Aa
1.21 2.64 191 0.23
Ks 61.74 Aa 15.21 Aa 9.97 Ac 1.27 Aa
Ky 61.97 Aa 13.96 Aab 11.62 Aab 1.13 Aa
Y] NG FHEFRIRAE 0.05 K-F ERRBE, KRS TR 001 K- EREREH.

22 AEIEHEZTHER

oh s =

(I =E

MmREaN

K53t 2 Z 48 bR i G P T i — Rl R 2 081t k™, Bl D — S B R 2R 1 28 X R AR
5 R R N1 1T A 1 I P 1 O N 1 o 125 o VR 78 1
B SAEEF, IFRE S A FEFTTERERE F1550 F, G728 307 5 FUR S R REE G0
B F=(24.73xF+17.99xFy+17.672xF+15.559xF+11.076xF5)/87.027 . FI| F 1% 455 8 35 4% FF S PRIk
AT REHE T (£ 9) WNRIATLIE . AbFE 14 19550 5 B 25 A R e b, L& Ab 3
165 A3 8 MZRA TR %

RO BRERXAZHFENRRANZTEIATFES. FERIERARELLR

Table 9 Scores of principal components, general scores and comparison of each

AR A SR 5 o DU LAS

iy

ppii F F F; F, Fs F it E B
1 -0.708 11 -0.861 45 -0.534 93 0.007 03 0.974 35 -0.36 14
2 -0.440 25 0.634 39 -0.875 22 0.229 38 -1.447 08 -0.31 12
3 -0.424 36 0.872 59 0.305 97 0.206 14 0.882 63 0.27 5
4 -0.205 96 -0.776 32 -0.474 60 0.069 46 -0.027 07 -0.31 12
5 -0.809 77 0.605 36 0.111 24 0.309 64 -1.590 43 -0.23 10
6 0.503 40 0.179 37 -0.024 04 -0.352 42 0.356 10 0.16 7
7 0.202 33 -0.601 80 -0.233 59 -0.238 34 -0.968 69 -0.28 11
8 —-1.534 62 -2.580 07 0.562 12 0.420 17 -0.587 80 -0.85 16
9 -0.313 82 0.292 77 -0.219 37 -3.485 03 0.489 80 -0.63 15
10 1.031 24 0.470 92 -1.047 57 0.020 83 -1.272 11 0.02 9
11 1.104 56 0.306 19 -0.298 97 0.069 04 -0.355 22 0.28 4
12 0.761 25 -0.708 08 -1.625 68 0.780 65 1.652 94 0.09 8
13 -0.330 11 1.525 88 0.101 63 1.042 96 0.048 37 0.43 3
14 2.543 20 -0.801 04 1.499 60 0.254 28 0.220 06 0.94 1
15 —-1.068 95 1.005 74 0.088 68 0.728 19 1.570 50 0.25 6
16 -0.310 03 0.435 56 2.664 72 -0.062 00 0.053 66 0.54 2
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3 kGt

R RS NP E RENT TR, MRS LR A R, PRIERR IEE A K
Fggsr, JLHZMEBIE, BEAS PR AN FTEAEY TG ISRy, KB IEAE s Z A, (I T E A R
ZRNZMER W AR, Kk, fFmmaE it ey SIEE A — R B i . APFREE IR R TE
R A= R 3 e T it 20N RE 8 (B 35 (P<<0.05 ) i1 3% il Z% S5 1 7™ ik, it e IS R B TS KT 2 S AR B 7 R
AR, UEWIFEAIR IS A T oC B 00T, FUIE LG R i 24 5 W B i E BN . XA 45 R i Aok
M K2 T AR AR AT Vaccinium spp. IR GE S5 R R — B0 . (AU, MR Grove ™ ZE B 58 20U B it
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