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Effects of different fertilization modes on the photosynthetic characteris-
tics, yield and growth in hybrid hazelnut (Corylus heterophylla x C. avella-

na)
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(Liaoning Institute of Economic Forestry, Dalian 116031, Liaoning, China)

Abstract: [Objective] In this paper, the effects of four fertilization modes on the plant growth, yield,
nut quality and photosynthetic characteristics of hybrid hazelnut (C. heterophylla * C. avellana) were
studied through two years trial (2019—2020) in order to provide a theoretical basis for appropriate fer-
tilization. [Methods] In this experiment, from 2019 to 2020, the fertilization tests with the hybrid hazel-
nut cultivar Dawei were applied, which was based on the annual fertilization rate determined by leaf nu-
trition diagnosis. There were four fertilization modes, including the traditional fertilization mode (CK),
the fertigation mode with total fertilization amount (T1), the fertigation mode with half fertilization
amount (T2) and the traditional fertilization mode combined with drip irrigation (T3). According to leaf
nutrition diagnosis, the fertilization amounts in different fertilization modes were as follows: (1) tradi-
tional fertilization treatment, according to the local farmers’ routine procedure, the topdressing period
was divided into two stages, i. €., current shoot rapid growth stage and kernel filling stage. During curre-
mt shoot rapid growth stage, the fertilization amount was set as available nitrogen 90 g - plant, avail-
able phosphorus 83 g - plant' and available potassium 44 g - plant', respectively. During kernel filling
stage, the fertilization amount was set as available nitrogen 90 g-plant’, available phosphorus 57 g-plant

and available potassium 83 g plant’', respectively. (2) With T1 fertilization treatment, the topdressing
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period was divided into four stages, i.e., current shoot elongation stage, current shoot rapid growth
stage, kernel filling stage and postharvest stage. During current shoot elongation stage, the fertilization
amount was set as available nitrogen 45 g - plant”, available phosphorus 28 g plant' and available po-
tassium 16 g - plant’', respectively. During current shoot rapid growth period, the fertilization amount
was set as available nitrogen 45 g - plant”, available phosphorus 56 g - plant' and available potassium
28 g-plant’, respectively. During kernel filling stage, the fertilization amount was set as available nitro-
gen 54 g - plant’, available phosphorus 42 g - plant” and available potassium 42 g - plant ', respectively.
During postharvest stage, the fertilization amount was set as available nitrogen 36 g - plant’', available
phosphorus 15 g - plant' and available potassium 41 g - plant’', respectively. (3) With T2 fertilization
treatment, the topdressing stage was the same as T1 treatment. The only difference between T1 and T2
was the fertilization amount applied, which of T2 treatment was reduced to half of T1 amount in every
topdressing stage. (4) With T3 fertilization treatment, the topdressing period was the same as CK treat-
ment. The only difference between T3 and CK was different type of irrigation applied. T3 fertilization
treatment was irrigated by drip irrigation at four topdressing stages of T1. [Results] The application of
drip irrigation and fertilization could improve leaf photosynthetic characteristics, yield, growth and leaf
nutrition level in the hybrid hazelnut. (1) The effect of 4 fertilization modes on photosynthetic character-
istics was as follows: compared with CK mode, the leaf P,, G, T and C; of hybrid hazelnut with T1 or
T2 modes were all significantly superior to CK (p<<0.01), but there was no significant difference (p<<
0.05) between T1 and T2 modes or between T3 and CK modes. Except leaf C;, the other photosynthetic
characteristics with T1 or T2 modes were also significantly superior to those with T3 mode. (2) The ef-
fect of 4 fertilization modes on leaf nutrition level was T2>T1>T3>CK. (3) The effect of 4 fertiliza-
tion modes on yield was T1>T2>T3>CK. Compared with CK mode, the average fresh nut weight
per plant with T1, T2 or T3 modes was significantly superior to CK, and that of T1 or T2 mode was sig-
nificantly superior to T3 mode but there was no significant difference between T1 and T2 modes. The
effect of 4 fertilization modes on PFP was T2>T1>T3>CK. Compared with CK mode, the PFP of
T2, T1 and T3 modes increased by 372.3%, 143.5% and 98.2%, respectively. (4) The effect of 4 fertil-
ization modes on nut fresh weight or nut dry weight was T1>T2>T3>CK. Compared with CK mode,
the nut fresh weight or nut dry weight with T1 mode was significantly superior to CK, but there was no
significant difference among T1, T2 and T3 modes, or among T2, T3 and CK modes. Compared to CK
mode, the cross diameter of nut with T1, T2 and T3 modes were all significantly superior to CK, but
there was no significant difference among T1, T2 and T3 modes. The longitudinal diameter of nut with
T1 and T2 modes were all significant superior to CK, but there was no significant difference between
T1 and T2 modes or T3 and CK modes. (5) The effect of 4 fertilization modes on plant growth indexes
were as follows: the ratio of branch basal diameter/ length (x100) with T1 mode was significantly supe-
rior to T2, T3 or CK mode. As to the difference-value of crown diameter or the difference-value of
trunk girth among 4 fertilization modes, there was no significant difference. The fertigation could in-
crease the percentage of 40-60 cm annual branches, which were the best fruiting branches with 4 fertil-
ization modes. [Conclusion] According to the leaf photosynthetic characteristics, yield, nut weight,
growth indexes and leaf nutrition level of the hybrid hazelnut, four fertilization modes were evaluated
by principal component analysis (PCA). The results indicated that T2 mode was the best fertilization
model for hybrid hazelnut cultivar Dawei.

Key words: Hybrid hazelnut (C. heterophylla xC. avellana); Fertilization mode; Fertigation; Photosyn-

thetic characteristics; Principal component analysis
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Table 1 The treatments of water and fertilizer application on hybrid hazelut trees

AN[E] I it I & Fertilization amount in different periods/(g - plant™)

i ARAL BRI ARE R ARE .
AT R s AHD 6H ) St SRR A T D
Treatment Fertilizatin mode New shoot elongation New shoots rapid . . Postharvest period
code period(the end of April growth period (the end ﬁfggll ﬁlrlll(rﬁ [t)erJlold ) (late August)
to early May) of May to early June) ¢ and fate July
CK R R A, 4 it A HRE (N0 R (N0
Traditional fertilization mode, A0 (P,05)83 A (P,0)57
total t of fertilizati ) :
o amount of ferization AR (K004 R (K.0)83
Tl THEAE — R AB AL, SRR AL AR (ND45 A N)4S HHAN)S4 HREMN)36
Femg"‘t“"“ (;"tal fertilization 2% (P.09)28 M (P.05)56 2% (P.042 2% (P.OD15
amount moae
HRE (K016 R (K.0)28 B R (K.0)42 AR (K.0)41
T2 WK IE— R IR, AR ARE(ND22.5 HREND22.5 HHAN27 HREMN18
Femga:“’n ;‘alf fertilization 2% (PO 14 (P08 20 (P.0)21 2% (.0 7.5
amount mode
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Table 2 Comparison of photosynthetic indexes in leaves of different fertilizer treatment

gﬁe i?l%jrﬂtreatment P./(umol-m?*-s™) GJ/(umol-m?-s™) C/(umol - mol™) T./(mmol-m?-s™)
Tl 12.53+1.38 Aa 0.12+0.03 Aa 223.44+21.02 Aa 3.03£0.68 Aa
T2 12.00+1.01 Aa 0.11+0.02 Aa 196.74+25.11 ABab 2.97+0.52 Aa
T3 9.70+1.50 Bb 0.08+0.02 Bb 173.82+54.45 ABbc 2.1240.58 Bb
Xt CK 8.64+1.50 Be 0.06+0.02 Be 157.22+61.87 Be 1.91+0.68 Bb

T ARNG FRERIRME p<0.05 2783, ARRE 7 RFRRE p<0.01 ZHRREE. TH.

Note: Different small letters indicate significant difference at p<<0.05, different capital letters indicate extremely significant difference at p<<0.01.

The same below.

%3 FREGELEABRTEERSBIHLER

Table 3 Comparison of leaves nutrient content of different fertilizer treatment

it A A 2 wCEHED wCEAEE wCERED wCEE5) wCEBE
Fertilizer treatment Average N/% Average P/% Average K/% Average Ca/% Average Mg/%
xR CK 1.99+0.11 d 0.10+0.01 b 0.39+0.01 b 3.43+0.16 a 0.37+0.01 a
Tl 2.28+0.10 a 0.12+0.01 b 0.47+0.01 a 3.49+0.08 a 0.36+0.01 a
T2 2.18+0.11 b 0.14+0.01 a 0.49+0.02 a 3.53+0.22a 0.38+0.01 a
T3 2.07+0.10 ¢ 0.11£0.01 b 0.41+0.01 b 3.17£043 b 0.37+0.01 a

MCK,T1 5 T2 [0 25 ARE ;SR T T2

I CK [H] 22 S AN R 35 {2 5 T3 Ab R [A) 22 5 3% s h

S S AR AL [A) A B .

2.3 A [EIHEARALIE MR 72 2 K R SLIEARRYS2
Gt 43 B /A 1R it JIE Ak R 6 B Bk 7 i A I

BRI R, 45 R (L4 F W, TL.T2. T3 AbH

6 B4 1R T 35 R P A R 25 T CK, T AT T2 Ab 2R

R4 TEHEARALIRF I Bk = B LR
Table 4 Comparison of average yield per plant of different

fertilizer treatment

TR REUE T2 LR

Jita A A 2 - i R 5 TR WA= 7

o Number of

Fertilizer . . Average fresh  Average dry  PFP/
investigated . . o

treatment lant nuts weight nuts weight (kg-kg")
plants per plant’kg per plant’kg

T1 30 3.87£0.44 Aa  2.95+0.35Aa  6.60

T2 30 3.87£0.64 Aa  2.86+0.43 Aa 12.80

T3 30 3.31£0.69 Ab  2.40+0.57Bb  5.37

XHECK 30 1.6140.43 B¢ 1.21+0.35Cc  2.71

TRIG AP 25 Bk e i B e T R AR G o R
REFERIG B . T1 5 T2 A FIR] , 5 56 40 1 25 B ik
BRAREESR. TI.T2.T3 43 PFP ¥ L CK &,
Ut B 7K Ak B T DASE & BRI B 2% . T2 4b i PFP
B, B CK N T 372.3%; T1. T3 4B PFP 43 1) Lt
CK T 143.5%F198.2%.

Xof /A [] it A Ak 38 P 0~ 35 B B ot o o SR 5
PREZFEAT T E 7307, 5 R GRSHER M, T3 L2
IO b 25 R R B ST AR T R B B S
T CK,{H 5 T2. T3 &b 8] G & 3% 2 7, T2 T3 Ab £
[i) P 24 B A i B P Y SR 4 S CK AR B
TREER. R T T2 b3 sz kN5 T3 4b
FRIA) IG5 2 2 5 H 2 T1. T2 A0 FE 56 4 52 K/
EE 35 5], PRI IR T D0 SR B 2 BE T3\ CK Ak B i 22
Ko TINT2.T3 I8 R SRR 22 KT CK, (|
T1.T2. T3 &b BRI %A 2 & 22 5% . T1.T2 A 25
PR SZN R B KT CKL 5 T3 A # A% A 2

%5 FEMALZABH T LRARRRIYHRELR

Table 5 Comparison of average nut weight, nut cross or longitudinal diameter of different fertilizer treatment

J AL B P2 R EE BT R SRR R TR R LY

Fertilizer treatment ~ Average fresh nut weight/g Average dry nut weight/g Cross diameter of nut/mm  Longitudinal diameter of nut/mm
T1 3.77 £0.19 Aa 2.82+0.14 Aa 1.93£0.10 Aa 2.2840.10 Aa

T2 3.65+0.20 ABab 2.71 £0.16 ABab 1.91 +£0.13 Aa 2.28+0.11 Aa

T3 3.59+0.17 ABab 2.66 +0.18 ABab 1.91+0.10 Aa 2.25+0.11 ABab

XF i CK 3.50+0.27 Bb 2.62+0.21 Bb 1.8740.12 Bb 2.24 £0.13 Bb
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Table 6 Comparison of tree growth Indexes of different

fertilizer treatment

WA REK ERE T 22

.
Eﬂzﬂ[}@iﬂ Number of  Branch basal —Difference of  Difference of
Fertilizer . . . .
treatment investigated diameter/ crown trunk girth/
plants length/(x100) diamete/cm cm

T1 30 1.73+1.40a  32.0+15.56a 5.542.62a
T2 30 1.53+1.44b  33.1£5.33 a 5.5+1.97 a
MHECK 30 1.53£1.39b  27.45+18.64a 5.043.18a
T3 30 1.52+1.40b  33.1+12.02a 52+l1.6la

R7 TEIHEARLIEIRIE R —F 4 T ARRRIEIREL IR
Table 7 Comparison of trees branch top tip of different

fertilizer treatment

<20 cm#f 20~40 cm >40~60 cm )
RILB BB BRI T
JIEALEE Ratio of  Ratio of Ratio of .

. Ratio of
Fertilizer branches  branches branches branches
treatment  shorter between 20 between >40

longer than
than cm and cm and 60 om/%
20 cm/% 40 cm/% 60 cm/% ?
T3 0 16.18+13.36 a 71.25+12.86a 12.57 +0.96 a
T1 0 17.10+£2.11a 64.51+524ab 18394492 a
T2 0 35.06£9.15a 54.58 £5.25bc 10.36 £7.85a
XEECK 0 31.97+18.74a 43.27+4.59 ¢ 24.76+2333a

Ab PR R 45 A BT o b B 2 s T CK. RS T3 4k
FRAR B 45 A EL I L T1. T2 Ab 3 i, (HIX Al AE S T3
A FRES B A B B RAR T T T2 b3, S 3
WHRE FRREIE FREKEZ .
25 AEFERLEN EREAMEEK ALERTE
SN FE R 53 34

XA [ T JE AL 22 (1) S 4R b i E B0 IR T
REE. g & RS ebs LA KRR bR S AT 3 K
T e HHARFIEME A S 48P TTRRFE (R 8) , R L3
AN F RSy, P R B R R (R 9O 3R R IE
AR

F1=0.08 1x,+0.086x,+0.086x3+0.084x,+0.084x; +
0.085x,+0.067x,+0.08x5+0.04 1x5+0.016x10+0.079x,, +

R 8 T HVFHEE. TR RATTEE

Table 8 Eigenvalues, variance contribution rates and cumulative contribution rates of principal components

YIGHHRFAE(H Initial eigenvalues

BT 5 #i4a~F 7 Extraction sums of squared loadings

iﬁpmem it i TR STTRE ait HETRE RTTE
Total Contribution ratio/% Cumulative contribution ratio/% Total ~ Contribution ratio/% Cumulative contribution ratio/%

1 11.601 72.505 72.505 11.601 72.505 72.505

2 2.522 15.761 88.267 2.522 15.761 88.267

3 1.877 11.733 100.000 1.877 11.733 100.000

4 1.39E-15  8.67E-15 100.000

5 5.82E-16  3.64E-15 100.000

6 3.77E-16  2.35E-15 100.000

7 2.33E-16  1.46E-15 100.000

8 1.91E-16  1.19E-15 100.000

9 6.34E-17  3.96E-16 100.000

10 —-5.78E-17 -3.61E-16 100.000

11 -9.94E-17 -6.21E-16 100.000

12 -1.70E-16 —1.06E-15 100.000

13 —2.40E-16 —1.50E-15 100.000

14 -2.83E-16 -1.77E-15 100.000

15 -3.26E-16  -2.04E-15 100.000

16 -443E-16 -2.77E-15 100.000
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Table 9 Component score coefficient matrix
J4h7 Index %73 Component
1 2 3

B RET- 57 Dry nuts weight per plant ~ 0.081  -0.017  0.184
P, 0.086 0.038  -0.023
G, 0.086 0.041  -0.038
G 0.084 —0.061 -0.080
T, 0.084 0.079  -0.048
H & H N percentage 0.085 -0.043 -0.057
i & 5 P percentage 0.067 0227  0.140
#1455 K percentage 0.080 0.147  0.020
54 & Ca percentage 0.041 0228  -0.354
% B Mg percentage 0.016 0343  0.249
1 JLEE 5T B Fresh weight per nut 0.079 -0.012 0.218
HLFJifi i Dry weight per nut 0.080 -0.108 —0.130
HSEH 1% Cross diameter of nut 0.078 -0.132  0.145
522042 Longitudinal diameter of nut 0.084 0.086  —0.012
F /B K Basal diameter/Branch length ~ 0.059  -0.198  -0.281
40~60 cm K% Ei il 0.039  -0.250 0.336

Ratio of 40-60 cm branch

0.08x1,+0.078x,3+0.084x1,+0.059x,5+0.03 9,6 Cx, : FL R
T B & x0: Porxs: G xa: Coxs: Tooxe: A B S &=,
xo: M BB &, xe: BB &, x0T ES &5 &, X0
M BB, o s R S oo R IR TR, xR
SEREAR X BELAAR , x00s: FERL/BL A (X100 5 x16: 40~
60 cm F 45 ELl, R IFD 5

F2=-0.017x,+0.038x,+0.041x,-0.06 1x,+0.079xs—
0.043x,+0.227x,+0.147x5+0.228x5+0.343x,-0.012x,,—
0.108x1,-0.132x,5+0.086x1,-0.198x15-0.25x16 ;

F3=0.184x,— 0.023x,~ 0.038x:~ 0.08x,~ 0.048xs—
0.057xs + 0.14x; + 0.02x5— 0.354x, + 0.249x,0 + 0.218x1—
0.13x1:+0.145x,5-0.012x,,-0.28 1x,5+0.336x160

X EHE bR AEAL R K R Rk A0, BT
KRGS i I AL PR ) F1VF2 F3 18 M 454 £ o 1
(F)FF AT HER ™. R 10 A WL, AS [ it I Ak 38
235G VEAN Hh i B HE 44 K ICA T2>T1I>T3>CK, 3

R0 ZEERHHE

Table 10 Comprehensive principal component values

it HE AL 2 LalRy GERaiis
Fertilizer F1 F2 F3 Composi-  Ranking in
treatment tescores composite scores
Tl 0.991 -0.798 -0.743  0.505 2

T2 0.548 1321 0.402  0.653 1

T3 -0.427 -0.818 1226 -0.295 3

XHCK  -1.190  0.229 -0.885 -0.930 4

BH T2 Ab B 7E BT G it B A B AR AR B . IX R
TEBLA BI04 1F T, K I — 4 4k it A 7T DA B 2 %
RSP R 25 b A A Ak it FH 2, 2 v B RL R FH 6
3 0
TR BB AR AR = v B B R R~ 7K 43 AR
BHEVED A A I B OB AE Y , 38 AR AH B AH
HAEHM . K RESE I AL iR, 15 5 20 I PRRE T8
AR TAEDIRMC AR 7K G5k 22 W 2= BRARR T 73 R B,
PRIETIR . NERH G S TR A BE AR IR R
W, i it A AT ROk E P 25 08 S s K 3 R 22
B/ NIEUIEE FER B KRR G SRR AR E TR A K
W 1y Hb AR et I 55 ) 3948 2 35 18, JH it AR A%
RN . AR KT K — 140 4 5t I
(TD 7K BB — 444k 2 5 it AR (T2) < ¥ #E 4% Gt it e
(T3 558 R (CKOFH L, fE 0% . 35 52 = T RR 44
B gk & R R AR K E R e g
FEIRIL (p<<0.05) 53X 5 7837 J I R AR A 217 i
2 U R RR EE A PO A SRR B I T s AR — 3K
(1. Bt SCHREECRE 5T R I, K I8 — 44 Ak it IR 45 4% St
Jite AL RT LA 0 S SR 7 A DA R B v T v R b L SR s
it Jo R 2E 72 T B K FTOBE TN, A G AR
AHEE S 7K BB — A Ao it B P DA i 3 SR = B 0t I Ok
DRERLH R R E AT ). B/ N REPIT LR,
ok v 1R R 7K R it L AN Y 3 e DR P T
A7 F o T K I 56 W, rh KA I8 Ak
AT AR 40 7 i, 4 s E R /KR FH 23805 R AR R Ak
AFE 7. X EARRIGH T R — . AR 2%
R, T2 035 T AABRAH L, B EfE s VEKE
BbR S IR TH 35 T i 3 1 22 5%, Ul B K AR
Fh G A FHAME BEAS 1 15 T BR A PR 1) 7= 1, 1 HE
AT DA BRI it A 2 = A 7T
HEEHREYAEK K E AR, R EY A
FIMVE BRI . 3K IS Al 2 B A )
R 7K 53 3R 53 BL R ARG & DI RE IR, R 41
IKBER B R AE P B R e R FE S it T8k R 40
TEM B b B FE SR B, BERLE BE I o & 4 hn 38K
AR T3 m R IR PRI G, 5 ) 3 K
AR TR B TR Cde s . M E57E
S BB TR R B, K IERE A 0 5 oA
AR E RN . X R RSP0 AR 22 IR 53R B, K
JE— AT DR R m A = B R SRR P,

w
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I T 5K BEEECIRIE SR B, K IEHS A AL 3 AT DR
kGG R T . ARRES 25 FF, T T2 Ab 22
IS P GO T4 0K 2 2 5 T T3 AL B AN CK, T3 4k
PR LGRS Py GR35 5 T CK, T1. T2 F1 T3 b HE C ¥
23 T CK, BB 7K B RS A Ak B 5% - R 4 P A ot
R EER B B3 E RN

4 # B

FEST- R g SR el R FH i HE e R ] DL 3
S 5 R G E 1 B S TR
DR R E R A T . 5 AR G I AS U A
EE , ik VR it IS X RT DA 285 8 v~ BRO P AR 1 FRL PR
g VR E VK BRI LR R OGEEH
IS TR o XoF AN R i JIE AL 311 O & 48 A
R EEEFRITRS®E R R MEKER
FREEREAT TR o BT R 85 R W, 3 500 T8 i A
S B A L SR R S AR S T BAK I — &
A2 e AR = CHE 38 I 2 R B 0 )
90 g k.70 g kR 63.5 g D HEAT 1B AE N T
DR 21 A A s A e o EE VR it I 7 =X
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