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Effects of N, P and K proportional fertilization on flower bud
growth and differentiation in Camellia oleifera
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Abstract: In order to provide a reference for efficient cultivation of C. oleifera, eight-year-old C. oleifera ‘Changlin-53’
was selected as a research object, fertilization tests were carried out according to orthogonal design Ly(3*) with 3
factors and 3 levels, and the optimum fertilization proportion for flower bud differentiation and growth of C. oleifera
was selected. Applied N, P, K fertilizers were urea, Ca/Mg/P fertilizer, K,SO, fertilizer, and their active ingredients
were effective nitrogen (mass fraction = 46.4%), P,O5 (mass fraction = 12%), and K,O (mass fraction = 51%),
respectively. The results showed that applying N fertilizer could significantly promote flower bud growth, and the
optimum fertilizer amount per plant for enhancing flower bud differentiation rate was N 218.23 g, P 71.00 g, K 242.48 g.
In physiological differentiation stage of flower buds (predifferentiation stage), fertilization could significantly increase
ABA and ZR contents in flower buds, which were significantly positively correlated with flower bud differentiation rate.
In morphological differentiation stage of flower buds, ABA content showed a downward trend and contents of ZR, IAA
and GA, showed a upward trend after fertilization treatment, N, P and K were significantly correlated with contents of
endogenous hormones during most morphological differentiation stages. Fertilization could promote flower bud growth
and influence flower bud differentiation by affecting endogenous hormone contents in flower buds.
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2% Camellia oleifera Abel. N1l %55} Theaceae
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1.1 TG HEER

1264 R MO A 22 A 5 B 7 FRs Aol 5286 A 0
KAk 5357 AT RoRVuMHL (27°48'46"N,
114°39'47"E) A RREG M. 25298 O T 7
BERMEE, BWRATERERESE, £
FE/KE 1 650 mm, ~F¥JifEHE 81 m, NI
FRLTHE, IR 15.58 °C, SETLFHE LN 260 d.
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2017 5 H, £ ‘K535 REREMERT
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FITH AR R 00 A R RN —5
MARHAZ 6.5~ 9.5cm, H&E 1.7 ~2.6m, iE
1.7 ~2.4m.
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WENE. PE. KE3 ARG H R, %K
Ly(3%) IEACIRIG Bt b AT ME A AL EE, 35 [H 3 S /KT
W2 1. B AR PR 3R EEEREAE . B
FRAH, JRZFE A BERE S EON 46.4%, FHEEHEAE
o P05 R E AT EUN 12%, R K0 & 55
N 51%, MR G WK 2.

R 1 AFREBRER LRI S ERERAKE
Table 1 Application levels of each factors in N/P/K
proportional fertilization tests for C. oleifera

o/t
I = KPR JHE /K- Fertilization level
Test factor Level range 1 2 3
ZE N fertilizer 80.0 80.0 160.0 240.0
T AL P fertilizer 40.0 40.0 80.0 120.0
BHAE K fertilizer 120.0 120.0 240.0 360.0

R2 MFERBFECLL X EARA AR
Table 2  Design of fertilizer combinations in N/P/K
proportional fertilization tests for C. oleifera

o/t

S it P47t ilt & Average fertilizer application amount
Treatment e e I

No. N fertilizer P fertilizer K fertilizer

G, 240.0 80.0 360.0

G, 240.0 120.0 120.0

G; 160.0 40.0 360.0

G, 160.0 120.0 240.0

G, 160.0 80.0 120.0

Gy 80.0 120.0 360.0

G; 80.0 40.0 120.0

Gy 240.0 40.0 240.0

G, 80.0 80.0 240.0

CK 0.0 0.0 0.0
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Table 3 Flower bud lengths in C. oleifera under N/P/K proportional fertilization treatments on different sampling dates mm

4 FE4R Treatment No. 06-02 06-14 06-26 07-08 07-30 08-20
G, 3.16+0.20 be 6.04+0.25 ab 8.16+0.60 be 11.37+0.37 ab 12.92+0.87 a 14.50+0.65 ab
G; 3.12+0.40 be 6.36+0.59 a 9.34+2.11 ab 11.12+0.97 ab 12.83+0.84 a 14.02+1.07 ab
G, 2.77+0.59 ¢ 5.81+0.44 abc 9.87+0.60 a 10.04+0.61 abc 12.98+1.34 a 14.47+0.87 ab
G; 2.96+0.48 ¢ 4.45+0.26 ¢ 6.90+1.18 ¢ 9.88+1.27 abc 12.77+41.09 a 14.90+0.38 ab
Gy 3.36+0.71 be 5.20+0.69 cde 6.91+0.63 ¢ 10.14+0.22 abc 12.53+1.54 a 14.25+1.33 ab
G, 2.90+0.60 ¢ 4.70£0.37 ¢ 6.46+0.15 ¢ 9.66+0.92 be 11.18+0.53 ab 14.18+0.61 ab
Gy 4.49+£0.41 a 5.55+0.37 bed 6.56+0.42 ¢ 8.85+£0.73 ¢ 12.52+0.20 a 13.36+0.85 b
Gy 3.64£1.31b 4.46£1.59 ¢ 7.70+£0.45 ¢ 9.66+0.43 be 12.92+0.67 a 13.25+0.24 b
CK 2.02+0.56 d 4.98+0.42 de 7.71+£0.47 ¢ 8.69+1.47 ¢ 10.00+1.59 b 13.33+1.72 b

T OBARAPIME & bREE, RSMENS FRRORARARA ZR AR, ARG FRRREREHREKE (P <005 . TH.

Data are average & standard error. The same lowercases in a column show no significant difference, and different lowercases show significant differences (P < 0.05).

The same as below.

R4 FABMRECLLERLALIE T AR ERAE BT HER

Table 4 Flower bud widths in C. oleifera under N/P/K proportional fertilization treatments on different sampling dates mm

Qb ¥R4 5 Treatment No. 06-02 06-14 06-26 07-08 07-30 08-20
G, 3.10+0.11 ab 3.40+0.31b 4.35+0.28 be 6.25+0.38 ab 6.82+0.23 ab 7.23+0.54 a
G, 2.81+0.22 be 3.77+0.21 ab 4.45+0.40 be 6.82+0.50 a 7.46+0.32 a 7.02+0.24 ab
G; 2.83+0.19 be 3.78+0.28 ab 4.82+0.72 b 6.34+0.41 ab 6.80+0.53 abc 6.63+0.43 ab
G, 2.52+0.37 ¢ 3.61£0.29 b 5.77£0.29 a 6.33+0.21 ab 7.49+0.62 a 6.93+0.48 ab
G; 2.65+0.11 ¢ 3.41£0.19b 4.08+0.65 ¢ 5.76+0.51 be 6.59+0.22 be 7.31+£0.22 a
Gy 2.91+0.43 be 3.44+0.51b 3.92+0.21 ¢ 5.79+0.31 be 6.49+0.60 be 7.36+0.53 a
G, 2.68+0.22 be 3.28+0.16 b 3.87+0.22 ¢ 5.81+0.37 be 6.23+0.12 be 6.76+0.44 ab
Gy 3.38+0.17 a 4.30+0.64 a 3.92+0.14 ¢ 5.20+£0.37 ¢ 6.58+0.23 be 6.92+0.11 ab
Gy 2.85+0.12 be 3.30+0.03 b 4.52+0.12 be 5.81+0.37 be 6.86+0.40 ab 7.16+0.35 a
CK 2.12+0.07 d 3.50+0.25b 4.37+0.29 be 5.13£0.23 ¢ 6.07+0.12 ¢ 6.31£0.30 b
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AbFE 45 Treatment No.

ARG F BRI AR 22 7k B R 2K (P << 0.05) .
Different lowercases show differences were significant between different
treatments (P << 0.05).

E1 EEPECLLAEARA B TRRIEFH SR
Fig.1 Flower bud differentiation rates in C. oleifera under
N/P/K proportional fertilization treatments

X VH 25 A6 2F Ak 2% 5 it AR 1 4R A T PR R 3R 0
AT BT BRI RN TR R .
Y, =— 0.000 362X,>+ 0.158 X, + 24.561 (R =

0.895, P =0.0004 < 0.01) ; (D
Y, =— 0.003 000X,>+ 0.426 X, + 24.402 ( R =
0.848, P =0.0002 < 0.01) ; 2
Y, =— 0.000 299X,>+ 0.145 X, + 24.356 (R =
0.858, P =0.0002 < 0.01) . (3)
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SRR BN TR (D) (2) (3) 3t
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Table 5 Contents of four hormones in C. oleifera flower buds
during flower bud predifferentiation stage under
N/P/K proportional fertilization treatments ng/g

Tre%i%ﬁtio. ABA ZR GA3 IAA
G, 117.49 ¢ 7.58d 11.97 a 4476 ¢
G, 14831 a 829 ¢ 11.31b 51.89a
G; 68.16 h 8.78b 333e 2350¢g
G, 84.33 fg 7.80d 4.83d 2297g
G; 107.26 d 893 b 1.57h 40.45d
G, 116.79 ¢ 832¢ 2.60f 23.64 g
G, 95.06 ¢ 8.87b 328¢ 32.70 e
Gy 134.45b 10.14 a 9.39¢ 25.62
Gy 87.57f 832¢ 2.47f 48.67b
CK 8041 g 6.54¢ 1.69 g 19.45h

X it JE Ak BT A 28 AT 0 ALY 4 B IR BRI
BRESEFFRIAT TR, SR KT,
HIZR 7 AT K1, ABA SR 5 IAA §&. £ F
RS E; ZR & B 5TEF 0 RN &%,
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Table 6 Variance analysis of four hormone contents in C. oleifera flower buds during flower bud predifferentiation stage
under N/P/K proportional fertilization treatments

ABA ZR GA T1AA
e HE : : = :
Test factor Degree of Rl F P57 7 P57 F SEFTFI
freedom  Sym of squares Sum of squares Sum of squares Sum of squares
U N fertilizer 2 10 494.078  44.196** 0.169 0.281 373.063 169.783** 624.625 9.919**
T AE P fertilizer 2 1422974 5.993%* 6.822 11.345%* 4.996 2.274 1413.805 22.452%*
HIAE K fertilizer 2 1432.338 6.032%* 1.508 2.507 1.596 0.727 633.099 10.054**

FooRr” FORANER N Z FIE BN R EACE (P <0.01) , “*7 FORALHLEZRIEFEFEKTF (P <005 .

“** indicates a significant difference between treatments (P << 0.01), and “*” indicates a significant difference between treatments (P << 0.05).
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Table 7 Correlation between endogenous hormone contents
and flower bud differentiation rate in C. oleifera

R 2 SO T T B A X TR RS A M S
T 30 ABA & &R A 2, X R 3 AN

flower buds ABA SEEMNEE. B RSV AL, TEMERE
L oMb S, WEIEXS Il R AEZF o ABA & R0 A
A AR AR Flower bud e N . e
Related Eilndex ABA ZR GA;  1AA differentiation = %E ﬁ‘: é% 4 /[\ Hﬂ‘ ’ﬁﬂ ’ bﬁ jJ H /E‘* ﬁ?ﬁ %Eﬁ ila ﬁ'% B% 1& ?E Za
rate ABA O &, BLUIRKCF ) ABA AR Tl AT
ABA : AL
ZR 0.470 1
GAs 0445 0192 1 #8 AL IR TARIRAE AR MR RS
IAA 0.804%* 0576 0.063 1 SLEATE SR ABAR &
T Table 8 ABA contents in C. oleifera flower buds during
R . . .
Rate of flower bud  0.675* 0.712* 0.198 0.525 1 flower bud morphological differentiation stage
differentiation under N/P/K proportional fertilization
treatments on different sampling dates ng/g
TR FORIRPRIAAA MR IB B R KT (P <0.01) , “*” R
TRPRIE A SRR E B 8K (P <0.05) . sz
“**” indicates a significant correlation between indexes (P << 0.01), and Treatment No. 06-14 06-26 07-08 07-30 08-20

“*” indicates a significant correlation between indexes (P << 0.05).

G, 9421a 57.77¢ 6337b 26521 67.55b
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2.4.1 Xﬂ‘?ﬂifﬁ?ﬁ?ﬁ'? ABA ﬁﬁﬁ"]%ﬁnm G, 59.94d 50.54f 49.71e 3389h 2392¢g
ZEUBE A I LU e A A BT A 2 TS A 4k o MOV 930a S0dle drdld 41407

» = o G, 46.66g S574le 5452d 3548g 42.44f
B ABA FRLLAR 8. 1R 8 AU, 7RI KA G, S197f 4355g 4029f 62.04a 42.01f
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Table 9 Variance analysis of ABA contents in C. oleifera flower buds during flower bud morphological differentiation stage
under N/P/K proportional fertilization treatments on different sampling dates

4 06-14 06-26 07-08 07-30 08-20
HBNE o eof T I I I I
Test factor freedom Sum of F Sum of F Sum of F Sum of F Sum of F
squares squares squares squares squares
AL N fertilizer 2 3151.987 45.368** 2238.246 5.177* 664.822 11.209** 1331.998 61.019** 368.718 1.104
TERE P fertilizer 2 1545252 22.242** 2326.053 5.380* 275.030 4.637 1004.872 46.033** 3444353 10.315**
AR K fertilizer 2 212.836 3.063 3637.736 8.414** 180.423 3.042 1134453 51.969** 2614.198 7.829**

T FORA EALFLI 7 A B RE K (P <001,

“rn? ORI AL Z RIS F B E K (P <0.05) .

NER

“** indicates a significant difference between treatments (P << 0.01), and “*” indicates a significant difference between treatments (P << 0.05). The same as below.
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Table 10 ZR contents in C. oleifera flower buds during
flower bud morphological differentiation
stage under N/P/K proportional fertilization

%2! RS

treatments on different sampling dates ng/g
Trf;l\tfﬁt%No. 06-14 06-26 07-08 07-30 08-20
G, 9.06f 15.14bc 15.85a 889d 16.19a
G, 1545a 12.64d 1532ab 724g 12.25d
G; 10.80d 4.56h 11.15e¢ 7.71f S5.18h
G, 11.12d 12.18e 1493bc 579h 13.06¢
G; 1339c 860g 13.76d 7.17g 8.19f
Gy 9.59e 1554a 1511b 8.15e 16.52a
G, 1445b 1090f 14.38cd 13.77b 10.62¢
Gy 11.01d 1234de 14.89bc 12.67c 742¢g
Gy 1484b 1547ab 1595a 13.51b 1559b
CK 15.74a 1493c 1507bc 14.68a 15.62b

X 10 a5 RBEAT T o M N2 B ELER, 45

R 1. R 1 ATLUEE, SRR THN T
11 EBAEEERRANIE TR REIRAE B 8

e

RIFRESSUHREFHZRE
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FIERIATE S ZR S EEMAEE, XHR 4 40
WIAEZE ZR AW E ;. A IO LS
S INI ZR B EIA IR E . (EMERESS
TR 75 5025 s MERESS B2,
JEZ KA S ZR & &, AlRERIR/K T H) ZR
BHRT G R AR K.
243 XML GA; G RA

S C LU A AR B R I AR T A o A
ZE GA, SRR 12, B3R 12 7750, 7EMAAEEF
TEA AR RN, EAE AL E] GA, S EAAE 2R,
128 GA, JRE D HCN 1.42 ~ 18.84 ng/g. AbFRAL
GA, TR WYIH LT, JE T3 —
SEMH, CK XHRAL GA, & B4EFrER AT, Al
Ab RS AL TS A FI A GA, & = A A
[Fsm, f£—E & EEEN, GA, &EKNZ

PN

IR AL A E .

/_‘

BNREDT

Table 11 Variance analysis of ZR contents in C. oleifera flower buds during flower bud morphological differentiation stage
under N/P/K proportional fertilization treatments on different sampling dates

1 06-14 06-26 07-08 07-30 08-20
IR oreeof A 5 i 5 i 5 5 i
Test factor freedom  Sumof F Sum of F Sum of F Sum of F Sum of F
squares squares squares squares squares
AL N fertilizer 2 8.028 2.480 165.428 97.595%*%  23.558 36.562** 109.294 1195.608** 133.933 35.364%*
AL P fertilizer 2 0.781 0.241 96.421  56.884**  16.954 26313**  86.407 945.243**%  209.998 55.448**
PR K fertilizer 2 96.032  29.665** 31.224  18.421%* 6.804 10.561**  26.118  285.717** 25.007  6.603%*

X2 R RAT T E TR 2 B, 4
B 13, R 13 0750, ERIEXS LRSS
B GAy & B3P R R S R it X
R RIAE S GA, B A R E, MHR4
NHRTEZE GAy B & BB E 2 s it 45 A X e
FESS AL ZF GA, SR MARE, NHAR4
AR ZF GA, SRR B 2 B & . v,

AR S BT A

FEM AL S LR,

TR GA, WAL AR AN [F R0
244 FEMZEIEE T IAA AR
GRS Ak BT o 2R A 2F A A 4k
WHP IAA & WK 14, HE 14 7750, 72
WACTF T o A TR B 0, it JIE Ak 2 1) 48 2F
IAA & BAAEESR, TAA FiESHCN 19.45 ~
107.12 ng/g, #ALHEE] IAA & & 48 7 75 B 10
KF, FFHEBEMETEE FER&EA, CK X



F31% g K% % M R 7

Hrp IAA FEBEAEFAER K, WUt FRSEBIMEE, MAEFAKERA R
JEAL PR WAL 27 1 TAA & &, HSERMmARE (e,

R 12 FEBRECLEREARALIE T ERME BRI REF RS WAL FFCAS
Table 12 GA,; contents in C. oleifera flower buds during flower bud morphological dlfferennatlon stage under N/P/K

proportional fertilization treatments on different sampling dates nglg
Trﬁt%fﬁ\lo. 06-14 06-26 07-08 07-30 08-20 Trﬁt%fﬁ\lo. 06-14 06-26 07-08 07-30 08-20
G, 12.23d 15.59¢ 16.53b  17.99b 18.00 ab Gy 1248d 1632b 18.16 a 1.87h 1843 a
G, 18.07a 14.86d 18.17a 590e 11.69 ¢ G, 17.01b 11.55f 18.65a 17.83b  13.88d
G; 12.00d 321h 11.89d 433 f 4.70 £ Gy 12.37d  15.04d 16.51b 17.40 ¢ 233 ¢
G, 11.91d 13.81¢e 18.84 a 337¢g 17.03 ¢ G, 17.14b 18.07a 1694b 16.03d 17.75b
G; 15.12 ¢ 401¢g 1422 ¢ 1421 239¢g CK 1770 ab  18.02 a 18.22 a 18.51a 18.06 ab

® 13 FABRECLLREALIE TR ERME B R R R FHSS UHREF RGA, S BN A ESH
Table 13 Variance analysis of GA; contents in C. oleifera flower buds during flower bud morphological differentiation
stage under N/P/K proportional fertilization treatments on different sampling dates

P 06-14 06-26 07-08 07-30 08-20
RN eeof  THTF Skl Skl FI A FI A
Test factor freedom  Sumof F Sum of F Sum of F Sum of F Sum of F
squares squares squares squares squares
ZE N fertilizer 2 28.947  8.664**  406.149 204.974**  40.968 14.024** 591278 32.614**  353.593  10.544**
WENE P fertilizer 2 4.948 1.481 115.482 58.281** 40.779  13.959**  471.508 26.008** 355774  10.609**
AL K fertilizer 2 93.711 28.050**  144.269 72.809** 18.030  6.172%* 98.502 5.433%* 91.305 2.723
14 ESPECLCMEREALE TR EIRAE B E AR LR XFR 14 2 %ﬁﬁﬁ%ﬁ%ﬁzﬁwﬁ,m
SUHAEFHIAASE
pA v
Table 14 I1AA contents in C. oleifera flower buds during RUAR 15, B3R 15 AT, il sUIEX 828 7 A0 25 i
flower bud morphological differentiation stage HHIAA S 2B 2k T2 5o, 702 B e A,
under N/P/K proportional fertilization - . P
treatments on different sampling dates  ng/g it B JE O AR 2F TAA B S B A R E, SHR 4
R4 AL EE TAA & B A R E 20, A
Treatment No. 06-14 06-26 07-08 07-30 08-20 . P
X—J‘lﬂﬁfﬁmuﬁ/ﬁkﬁﬂ v o TAA E/J E'/HIJ]TJJL%W Xq‘
G, 5483¢g 91.79b 101.77a 107.12a 99.68 a - R P -
G, 9432a 8327¢ 97.77b 4648f 7220d HoR 4 ABIIEEE TAA 15 BEE A 00 35 F 0
G 6534f 19551 78.62¢ 4683f 3593f Loy HTRIA, AR TR U1 b B AE 2T U,
G, 68.75¢ 6557g 9455c 3897g 68.99e + i E R, MR AR B A TAA SR,

G; 90.32b 4042h 91.53c 2049h 2421g Efﬂiﬁ/ﬁiﬁﬁﬁﬂﬁﬁﬁhﬁ/}ﬁzﬁﬁ - 43 E':'Eﬁj/fk\ !Eﬂﬂ

G 83.0lc 8654cd 91.86c 6428 102.23a B 6 2 [ 1 35 e
G, 91.16b 7498f 9833b 9598b 68.04¢ S PRINILEF TAA i, 7ERERESS SR,
Gy 76.64d 8456de 85.70d 92.18c 72.05d TR EE M. HAE IR ST IAA B E,
G, 9521a 87.89c 9427c 8892d 8529c TIAA &5 AL SHE 2254 72 A2 5

cK 89.56b 97.93a 9292¢ 91.54c 9597b

* 15 RABHAECLLTEARAIE TR ERAE HHMF R F S WAL PIAAS BN A EDT
Table 15 Variance analysis of IAA contents in C. oleifera flower buds during flower bud morphological differentiation stage
under N/P/K proportional fertilization treatments on different sampling dates

4 06-14 06-26 07-08 07-30 08-20
R WISV v/ A A IR 7
Test factor freedom  Sum of F Sum of F Sum of F Sum of F Sum of F
squares squares squares squares squares
SHE N fertilizer 2 1308.075 13.127** 11 141.018 122.618** 271.053 5.722* 13296.280 50.278** 9 766.667 83.423%%*
W AE P fertilizer 2 84.176 0.845 1694.610 18.651**  365.642 7.719** 4024.159 15217**% 2272.123 19.407**

R K fertilizer 2 2638.573 26.479** 1053.611 11.596¥* 137970 2913  2107.078 7.968** 3 115.860 26.614**
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3 g5t

MmAE P EGEFERKRNE VIR, A
Koz Wi MEEREmE, HAr g RAmE
MR A KT R4, T B AR 5 4
T8 B O A v S B DGR 270,

AR I R AT T R L LB AR Kbk 53
5O EAE KR, SRERH: £
AT, AT REERKME, WO RER
SRR, 500 e A Dl A Ak BE BE 2 35 R R TR 2R AR
K, HEMHEMAAEZER, HrhaIEae 5 & /2
TR, BB ALK, HAERTE k1
K ZERBEAE N, Eo G, AEE SR
ZAEFROAEE,

TER U AE AL B T IR R S B 5 EF ik
I RIS RIL: EAEZFAEF A (AT i)
it BB Ab B $E 5 T 4R 3 ABAL ZR FfE, ABA.
ZR SRS FESUNFREZHEMK, GHREYN
ABA T {ZREIE L Y, T IAA. GA, 5TE%H )
ZAH AR B, vREZ T ABA fil ZR 7EHT
IACHI AL SE e SR fEAE RS ik
AR, MEAEALEE R ABA SRR TR, ZR.
IAA 1 GA; S22 &%, & . ek
FE5EZ MMM ANEBRRSREREML X5
5 5 A PR o 2 O S A A R AR
TG AL Forb, it R R A 8 2 v
FUFEMER, IR, B AEIEE RN E R,
TZES R AR AR &, B HCEAER, Bl
FUBEER DR A N 218.23 ¢/ #k. P 71.00 g/ ¥k, K
24248 g/ tk, XE5EEFE P, BN P Mt
SEAARAL.

gr BRTR, FEARETE A ALET I, D AU e
BT AEK, B INIEZE T ABAL ZR FrE it
Te2F oAk, FEACZE b G, it IR = A= [ 5 T
s, IF Bl b AR T ABA & BRI
I3 e ABARBREE A AT T BC Lt AR X A 2 AR K
oA B, D RIT T it JE AL BT I 5 2 K
FZESE R4 DL S W IR R & R B 505 1
MX&R, HA Py K& FioosEIERHETRIRT,
TR R I BT FE, TR I,
AL T S A R 2R () REAE 7 BE IR A HBAR T
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