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Abstract; In order to guide the rational fertilization of potted Hydrangea macrophylla, the effects of nitrogen (N),
phosphorus (P) and potassium (K) at four levels (N, K,0: 0, 4, 8, 12 g - plant”; P,0,: 0, 1.5, 3.0, 4.5 ¢ -
plan") on growth and nutrient status of two-year-old potted H. macrophylla ¢ Hanatemari’ were investigated by the
balanced fertilization design of “3414” method. The optimal fertilization dosage was determined by critical concentration
method to provide evidence for rational fertilization of potted ‘ Hanatemari’. The results were as follows: (1) N
fertilization treatments, all of the seedling height, canopy diameter, plant growth index (PGI), aboveground and whole
plant biomasses of ‘ Hanatemari’ increased with the increasing of N fertilization dosage, while these parameters did not
change significantly or slightly decreased as the N fertilization dosage exceeded Level 2. (2) Low-level fertilization
treatments of P (P1) and K (K1) were beneficial to the biomass accumulation of ‘ Hanatemari’. (3) The nutrient
contents in leaves and stems of H. macrophylla ‘ Hanatemari’ increased with the increasing of N, P and K fertilization
dosages. However, the contents of K in roots did not change significantly with the increasing of K fertilization levels, and
there were no significant differences from the control. (4) According to the critical concentration method, the suitable
contents of N in H. macrophylla ‘ Hanatemari’ leaves ranged from 35.31 to 46.64 g - kg™, and P ranged from 1.88 to
2.28 g - kg''. Considering nutrient content, PGI and production cost, the optimal fertilization dosages of N, P and K for
H. macrophylla  Hanatemari’ are N2 (8 g N « plant™ ), P1 (1.5 g P,0; - plant™) and K1 (4 g K,O - plant™),
respectively.
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fertilization, growth, nutrient content

45 Bk ( Hydrangea macrophylla) R 45 Bk 1€ Bt
( Hydrangeaceae ) 45 BRJ& ( Hydrangea ) 75 W #E A,
EFE AEFFRUR, & KR i 5 2 1Y —Fh W5 A
Pp(# vk, 2016; BRA K, 2017 ; Alexander, 2017)
SR R TIT 37 0 2% 45 K R SR n A JB A i
(R A 7 A B TS e — 0 ) A

TAE 2B AR YR N 3R S i A KR F Y
AR (3K SR, 2012) o Hifr, A (nitrogen, N) |
% ( phosphorus , P) 8 ( potassium , K ) 2 [l #AE 9 4=
KEE T = KU EFICE (Katsuya et al.,
2017) o =FPACRL & BEECHE 7T LAE SRR P A KR
B SAEMRIURRE J1 , 2 e g Fel AR i LB R 22
Terl ( EAEZERN S 3Chs 2012) . AR5 (2020)
XAERS LTI ZE ( Camellia azalea) THWIJTUR AT T 12
Wr, K AL RS LI NIEAT KRB B Hexs PoE
ok E R, X RS (2019) XA A 2 (Rosa
chinensis minima ) W5 45 R B ZE A [R] AE AR =X
WP HE FRCR & A KSR B S, W
o WA iR g, VIR FEN EE
( Chrysanthemum morifolium ¢ Qinhuaiyulian ’ ) iff 3¢
o OREKSERS NP K 43 N2P1K2 Fl N3P2K1
SRS EA AL B DI AE 48 1Y A K BT R R 53 A RO ]
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ULAE K, 5 45 BRAH 56 0 AF 53 22 45 vh 76 4E €6 A
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M) ( E 8555 ,2019) 3N ARXT S5 Bk 4= K FSE 4 0 Y
S0 (Bi et al., 2008; Li et al., 2019) ; 228 P i
XoF 5 BR A K B2 ( Shreckhise et al., 2019) ;N Fl
K 7K B 28 HAE FH X0 46 25 BR A= K RIT A6 5% i 11
HH 1] 52 5 ( Thaneshwari & Gupta, 2017) . ] & &
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17 R R Z2 PR R AR REON 20 BT, 8 A NP
KB f) 3 B =, A B 58 A R R 4 F
( Hydrangea macrophylla ‘ Hanatemari’ ) , /25| H H
AL R SR ESL R AR Z N, R A
HEM AT E AL RS BRI Bk (R So,
2018) , i HLA B AP (W T 46,2021 % 56 55
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14.5%) ,K REABRERE (& K,0 54.1%) , W4T E 24
S Y A2z e Bl AR R AR W 0 AR KT AR
RECR} %) By B R NORE AT K AR 7 R, 1 T /K G e
AL HERRTEIRRZ R 15 d, P ARG 3 Ok, AN A , H
HRER — IR AE R FE AR A R P IR Y 50% , J5 IR
3 AERIAE I RN B A, #50A 25%, R T B ik
T 7 A5 H Al B 35 DR 3R e i A TSk 2 5 ) R, 4%
e S B A T A, 4R E T 00 R 3 KU B
R, 7 LA 509 1§ 5 A9 3 17 1],

1.2 R HE

1.2.1 K% %+ RA<34147 RRHA R 3% F, N,
P K3NHER, BMHEA0.1.2.374 DMK, 4t
14D (R 1) Hdr, <27 K2 i g il ik
B e R &, <17 K27 KR —2, 437 K
R 27 KR 1.5 A (R R HRAE,2002) , SR HTRE
MLX B, B b s 3 MEHEE B ER 10
PRI, 23t 420 Bk, HAREE A it AT b 2 ik 56 15
THRER = LR 1,
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Table 1

“3414” fertilizing experimental design

and fertilization dosages

ACREK - Jite L

Fertilization Fertilizing amount
Gy AbE level (g - plant™)
Code Treatment

N  P,0, K,0 N  P,0, K,0
TI  NOPOKO 0 0 0 0 0 0
T2 NOP2K2 0 2 2 0 3 8
T3 NIP2K2 | 2 2 4 3 8
T4 N2POK2 2 0 2 8 0 8
TS N2PIK2 2 1 2 8 1.5 8
T6 N2P2K2 2 2 2 8 3 8
T7 N2P3K2 2 3 2 8 4.5 8
T8 N2P2K0O 2 2 0 8 3 0
T9 N2P2KI 2 2 1 8 3 4
TIO N2P2K3 2 2 3 8 3 12
TI1 N3P2K2 3 2 2 12 3 8
TI2 NIPIK2 1 1 2 4 1.5 8
TI3 NIP2KI 1 2 1 4 3 4
TI4 N2PIKI 2 1 1 8 1.5 4
1.2.2 AKFEaRay 2 2 BORK & FE R

Fhag—KEEENSH (8 H 4 BH) /57,
) 5 38 A7 B 328 8 79 1> 2 7 1), H e — A SRy e B
(7 1), SR HF 344K

BEAALBRECA: K R U AR RE 6 Bk, JLIURE 84
MR, AT ZE AR R E

W R =Y+ ZE YR,

FE A K 8 50 (plant growth index, PGI) = (£
EHEE 1412 2) /3,

M L =1 T &R AE Y/ I A&
123 fmodEzns HUETEHR ZE T
Sy REES ik 100 H i, BREL 0.2 g, VBT AR TH i,
L E F A A P FE b ) N & i (Kjeltee
8100,FOSS A ), FH2 ) . W F MR 1K itk it U&=,
KR F WIS AL (PE A A, SE ) XA - |
2 R4 P A K S TIE,

1.3 #HES

¥ H Excel 2019 X i ip Z s dE A7) 20 B 3 5 i
FH SPSS 25.0 #E47 B [H & )5 22 40 B (ANOVA) , If:
4T Duncan £ 5 L M Person #1470 Hr, R
H Origin Pro 8.5 24,

AR AE Y &R N P K & &lA—IT
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TR TRR AT BE R 1B 95% B KA
RRA P XF N 14 45 2% B 9% 4 7 i, N I B vk B
VEHRGE AR T W M A i IR (2 R R A
2021) .

2 HR 54

2.1 MEABXT EF 8’ BHAREKNF T

I 2 FHT, N R Acb R %) A v Bt ot FES 3 2
I A R S T X B AL B (P<0.05) , IR FE
N3 KBS e KfE 5 N1 AT N2 A3 2% 5 K &
F(P>0.05) , FifiZ it A0 B @ 384 A0, 3 42 PGT &
SeTtE a AR A A, BR NO AbBEAN  FLAl N AE 4b
PR A4 HE 0 3 18 v M PR T 42 1 PGL(P<0.05) , IR 7E
N2 7K - 35 2] 5 KAH, 43 5l b X B 87..04% Fl
86.03% ., N AEAYIH W& FE S T 4L T8 b L&
Sy R RRAE W) (P<0.05) , H ¥ 7E N3 kb 2 B A
ARAH, 27 “37 K 22 5 A 3 (P>0.05) . Fifi
#F N AEF A 38, AR 5l bE 52 3o Ui %, BR NO Ak
PHAR S L 0 25 8 T X IR A (P<0.05) |, Hofth b BEAR
5ok L 34 0 2 AR T X B AR B (P<0.05) , BE Wit ] N
JE AR 35 43 B 22 |l [ Ml 1 35 4343 BC, DA 3G b |
WA B —E NI R A3 BN (NO ~
N2) MR R AW IR BE RN (P>0.05) , AT
TR R

REE P RE S 038 0, AR B = L PGL b
Sy R AR AR A W B R B TR R BRI
PFOHBAE PL KT B B KA, B B4 51
117.65% .102.86% 218.26% 1 143.60% , 5 %I f
FLE, P RE AR B A AR L 2 5 B K (P<0.05) 5 1T 72
A5 P AN T E 2R (P>0.05), BLH PR
FEAIEZ M LT 520 B R &R

AR KB 0 R AR PGL ARG 34
WERW(P>0.05), WHEKXK AT, KIEH
AR T AR —EHEERNE,
2.2 MEREXY  EFE H ZE RFESSENTIT
2.2.1 st T ot A Ao AT H R H
B el %0, BEE NP K BRI 3m,  EF %>
I v A ) 35 43 B i Bl 2 3G, ¥R < 37 KT A
KM, 507 KFAEL, N3 B N & &
PEE T 361.51%, P3 Ab B P & & & T
123.47% ,K3 4b PR K & 45 1 258.19% . J7
M R 07 AKSEAN , HoAt 7 S it JE 46

PR 300 s Y 03 = TR R (P<0.05) , it
AP ALK S RAE“2” F1“37 K0 25 A 3% (P>
0.05) , i N S RAESACE R A B,
222 e T ERSAETHH R AT
B ZEhE R RS E WK 2 R, WEEER
A, AN TR S R R, X
NP SEAE23"KFEREZRANEE (P>
0.05) ., 2+ N P K &1 W KAE 500l ok 27.33
3.77.22.62 g - kg, SXF AL B E T
468.08% .315.2% 1 104.40%
223 et F W ARS S ST YA HES3
AL AR N B AE NO Ab PR 6 BEAb B R] G 3%
5 (P>0.05) , HAth N A &b #0052 w5 T X R
(P<0.05),N2 5 N3 Ab s G & & 22 % (P>
0.05), M P SHFE P IEHE NS EIH
76 P2 A FHSA 3 i i (B, P2 F1 P3 AL 3 ) G i 3% 2%
5 (P>0.05) ,{H¥ 5 2% T X (P<0.05) , KO~
K3 b HA AR K B0 T 00 R KOS A9 4 A2 Ak
XA K &80 R E W (P>0.05)
23 FH EEHIEENTHTE

FIAHFH M HFH NP KESESEYE
K PGI il B S &, I U&= 48 bn 5 4R 1 i A
PGI —J 0 R (K 4) , MR 4 FIZE 3 A4,
T AL 3 1 R 0 45 SR 2R G FI W, oS A T R o
AN &R SHEEAY R X PGP & S5k AEY
ARG B, 3 VR D i A R AL Y
FEL AR, DA 459200 & i S i i 48
I KAE WY 959 X I I I e 3% 43 F AR il
Er A AE, AT R A NP
S G B 43 5 R 35.31.1.88 g - kg N il P
() B3 2 70 43 i R 35.31 ~46.64 ¢ - kg Fll
1.88~2.28 ¢ « kg, MR H NP & HfEW 55 Bk
CAETH BT N VG N2~N3(8 ~ 12 g
N - plant’) iEH P AEFH &R P1(1.5 ¢ P,O, -
plant™) o K AEAH ST BR PG 10 il 46 56 R IR I 3
(P>0.05) , & JC 8 52 K AR AY FH 83 B, AR I 56
F T KB A 8 B0 A A AR A K
FEREE

3 it

N2 P2 30 MIAZ TR 45 AR AR ) M PR 28 ) T Y
AR SR A RO B AT EAER], 58k
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Table 2 Comparisons of different growth performances of Hydrangea macrophylla
‘ Hanatemari’ under different fertilization levels of N, P and K
Y Biomass (g)
e e Bo37.8
4b 3 o R LR e s W
T Seedling height  Canopy diameter rCl R Sh
reatment (em) (em) o = H T B4 it Root/Shoot
Above ground Under ground Total
T1(CK) 22.67+2.19¢ 41.17+£0.33¢ 35.00+0.51¢ 35.59+2.33¢ 15.12+1.09a 50.72+3.21b 0.43+0.02b
T2(NO) 32.00+1.53h 43.83+1.86¢ 39.89+1.25¢ 25.4+1.65¢ 14.83+1.96a 40.23+3.59b 0.58+0.04a
T3(NI1) 41.33+0.88a 66.17+1.09b 57.89+0.87h 86.44+4.69h 18.73+1.62a 105.17+6.29a 0.22+0.01¢
T6(N2) 41.33+1.20a 77.00+4.31a 65.11+3.07a 99.71+£5.53ab 13.08+3.06ab 112.79+7.62a 0.13+0.03cd
TI1(N3) 42.67+0.33a 75.00+3.62a 64.22+2.31a 105.47+5.94a 8.09+1.94b 113.55+5.94a 0.08+0.02d
T1(CK) 22.67+2.19¢ 41.17+£0.33b 35.00+0.51b 35.59+2.33¢ 15.12+1.09a 50.72+3.21c¢ 0.43+0.02a
T4(PO) 39.00+2.08b 78.83+2.03a 65.56+2.02a 92.77+1.31b 8.60+£1.89b 101.37+2.26b 0.09+0.02b
T5(P1) 49.33+1.45a 81.83+2.19a 71.00+2.22a 113.26+3.35a 10.29+0.68ab 123.55+3.76a 0.09+0.01b
T6(P2) 41.33+£1.20b 77.00+4.31a 65.11+3.07a 99.71+5.53b 13.08+3.06ab 112.79+7.62ab 0.13+0.03b
T7(P3) 41.33+£2.40b 77.33+5.95a 65.33+4.70a 89.69+4.12b 11.78+1.48ab 101.47+2.65b 0.13+0.02b
TI1(CK) 22.67+£2.19b 41.17+£0.33b 35.00+0.51b 35.60+2.33d 15.12+1.09a 50.72+3.21d 0.43+0.02a
T8(KO) 41.33+1.86a 75.00+2.02a 63.78+1.74a 90.30+2.36¢ 12.93+1.30a 103.23+1.08¢ 0.14+0.02b
T9(K1) 38.67+2.03a 76.50+2.75a 63.89+2.50a 124.53+3.14a 12.29+0.62a 136.82+2.57a 0.10+0.01b
T6(K2) 41.33+£1.20a 77.00+4.31a 65.11+3.07a 99.71+5.53be 13.08+3.06a 112.79+7.62be 0.13+0.03b
T10(K3) 45.67+3.48a 84.17+3.67a 71.33+£3.53a 112.46+9.05ab 13.09+0.80a 125.55+9.85ab 0.12+0.01b
¢ LRGS0 5 8 (P<0.05)
Note: Different lowercase letters within the same column indicate significant differences (P<0.05).
50+ . ;
—~ A —~ 50 B —~ > C
o 2 T
. B Iy -4 < -
% 40 .1 w40 b/} R
I8 5 /{ I8 3 1 a
4z = 304 412 301 < 413 31 a ¥
&S b &S &5
+ = + g b
= g 20 =35 201 = 2 24
= c = = be c
o o g -
2 10 s > y g
v 104 z 101 (ii/ o 14
0 r T T T T ] 0 T T T T T ) T T T T :
CK KO KI K2 K3 CK NO NI N2 N3 CK PO P1 P2 P3

Jiti I A BE Fertilization treatment

Ji 8 AL B Fertilization treatment

Jii B AL B Fertilization treatment

AEFRIRIAN R /NE SFRER IR 22 57 1 3 (P<0.05) 5 R 2ZELAREARER L6, T,

Different lowercase letters indicate significant differences between different treatments (P<0.05) ; Error bars represent standard errors. The same

below.
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Fig. 1

SRR Z AR R, g TR N B R R
( Thaneshwari & Gupta, 2017) , ZEAMFH N B
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EBHG A N2 I N3 Ab A K AR BRI 22 5 A8 1 3

BEACALHE R EER AL T8 M JR e i

Nutrient contents of Hydrangea macrophylla ‘ Hanatemari’ leaves under different fertilization treatments

B N AE I NEERR 8 g M = AR 12 g B, %)
AETFH IR RERAREE, SR S
B Bt AR g i AT AL P 25 R & AR K AR PR E
FErm N B Ab 3 b b 250 AR N B4R B, {H 15,20
mmol « L' & F PGl Al T HEZEFA T (Li et
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o5 o0 ~5 ¢
on &n ‘OD
& 40] 5 40] < 4 b/;‘
T}E 304 % 5 30 a i 5 34
53% a @% a1 41 d ¢
W = 204 b~ & = 20/ 2 &2
% d ¢ #T(H% #T(Hﬁ d
g 10/ e g10{ . S 1
Q
M g Z 0 -

CK KO Kl K2 K3
Hi WAL B Fertilization treatment

K 2

T AL AL BE T 5Bk LT 2570 i

CK NO NI N2 N3
Jiti I8 A4k #E Fertilization treatment

CK PO Pl P2 P3
Jiti I8 4k #R Fertilization treatment

Fig. 2 Nutrient contents of Hydrangea macrophylla ‘ Hanatemari’ stems under different fertilization treatments

s01 509 4 5 ¢
2 40 2 401 " 4]
o C & a
= ] ~ al
5 307 1 3 30 . a S 3 A
4 =2 41 = b — 4 2 abe
=% 20 5 20 s 2 be
b P o 22 | o
Eh I NS R El
S b x o S
M0 . . v s ; Z 0 . T r T T ~ 0 . . . . .
CK K0 Kl K2 K3 CK NO NI N2 N3 CK PO Pl P2 P3

Jii B4 B Fertilization treatment

K3 JACARHR S5 Bk AL T80 IR0 & i

Jiti A4k ¥ Fertilization treatment

HE WAL B Fertilization treatment

Fig. 3 Nutrient contents of Hydrangea macrophylla ‘ Hanatemari’ roots under different fertilization treatments

al., 2019), It 245 3R 78 #t B9 f€ ( Rhododendron
“Cannon’ s Double” ) HH LA HtiE ( Bi et al., 2007)

P IR RERY T |l A 0 S R
A DAGR R 2 5T AN 2T 4E R AR Y B, S AR A
EREEWCMBIITR” . TEARMTE T, P LR S
BRAETH bk etk AW = A W R E
FHTE PL AR IR 3 e KAE ; 1T P IEALRHLT 3546
NERERTE S A IIPORIR N A UE N NG
45,2005 ) 5 x2S TURAL PHSALIE 1 T AR (A0
85,2014, BaHAN A 6T P OREAT A [R] Ao e 1

K Z 58 F A& a8 H BORTK A& P i
TR, 2 5 P 40 M 53 24 R0 3 Ak . KO E i 1T X6
kA K BAT W PSR T, A ik A W) i TR AR K
K Ab PR (K1) o BUAS Bk KAH ., Thaneshwari £l
Gupta(2017) 3 & BLidE & 9 K AE v 42 #F 25 3R Y 4
Ko BREEE (2009) 76 FE £E /Y i AL BF 55 & 2L, K
JIES 618 s 88 2 532 Wi G Al 53 0 W A g T 8 A5 5%
O3 AT R SR IT AR i B, PR A R B N
JE B[R] A, 2235 it K IEF POIE .

FRor & WM MY AR KW S R

( Graciano et al., 2006; Oliet et al., 2009) , I F g
BH G S e 55 o0 L R 1 10, 76 SR 2 Wb it R
FRROL 2 e A AL AR AR (555 ,2005) . 4E
FH° 0t N B i B A 7K P T v T e 2 B
P K ZbHEI: 5 e A Y G R AR <27 <37 KR
() 25 SR 3 B« 27 KOSF 1 P K i IE & ] 3
AEAETH X P K K,

ARWFFEH, 4 N S 27 K
N B F% O3 Wk ORE T AR O
hnsBEE POIE AR, 3750 & i i (B AR B
TE#E P1ARBE = A 225 P I K IES P EA
AEACLE B A, 0 7E K1 Ab B Ab H B0 A Wy i 0 5% Ay
R, X ] Timmer( 1997 ) $ H 1R A 8 R A5 70 3
WHEATAR R, 7E“ T3 7 (dificiency ) , ¥ 1Y 4
Py AV N 10 35 3 AR 3R R 4 B it S 5 o 5
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Table 3 Regressive equations between biomass or PGI and N, P, K contents of leaves
in Hydrangea macrophylla ‘ Hanatemari’ seedlings
ESEST S8 BT (n=12) R1{H e 2
Dependent variable Independent variable Regressive equation (n=12) R value Significance
A=Yy i N Y, =-0.046N*+4.293N+18.319 0.959 P<0.01
Biomass (V) P Y, =—38.827P*+177.154P80.009 0.752 P<0.01
K Y, =-0.046K>+4.293K+18.319 0.403 P>0.05
T A KR4 N Y, =-0.025N*+2.030P+23.456 0.915 P<0.01
PGL(Y,) P Y, =-13.600P*+66.108P—9.202 0.506 P<0.05
K Y, =-0.004K>+0.974K+39.941 0.415 P>0.05
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