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Effects of phosphorus and potassium application on yield,
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Abstract: Phosphorus (P) and Potassium (K) are major important factors affecting citrus growth, yield and quality. Al-
though the effects of P and K nutrition have well been documented for citrus trees in terms of fruit growth and yield, the
influence of these two macronutrients on quality and storability of citrus fruits has not been fully elucidated. In the present
study, a long-term field experiment was carried out for four years on Ponkan ( Citrus reticulata Blanco var. Ponkan) in
order to determine the effects of P and K application on fruit yield, quality and storability of citrus grown in a red-soil
orchard with low P and K concentrations. The experiment was set up in a incomplete factorial design with 7 treatments,
with three yearly rates of P (P 0, 125 and 250 kg/ha) and K (K 0, 250 and 500 kg/ha) . The results showed that P or
K, especially combined application of P and K greatly increased single fruit weight (62.93 to 114.11 g/fruit) , fruit yield
(19923 to 48234 kg/ha), content of soluble solids (12.2% to 13.3%) and soluble sugars (2.58% to 3.72%),
reducing sugar content (4.51% to 6.16%), brix-acid ratie (2.84 to 5.15) and vitamin C content (37.52 to 44.91
mg/100g FW) of citrus fruits, and decreased titratable acidity (1.59% t0 1.19% ) of citrus fruits . Furthermore, P and
K supply effectively reduced weight loss of fruit, rate of fruit decay, and modified the decrease of sugar content, acidity
and Ve of fruit during storage of citrus fruits. It suggests that applying P and K could increase yield and quality of citrus
fruit and improve sensory and nutritive quality and storability of fruit during storage.

Key words: citrus; phosphorus; potassium; quality; storability

MREFENERRWNZ - RBERZHE R, BENKTEAMERDY, BEARE

RS H . 2004-11-29 BRI 88 2005-04-18
ESWME: EFREAFEES (30370840) ; HBEDF 55T A 01 £ K 48 BB 52 57 (PPL/PPIC) Wi H & ),
EZ B /. MK (1965—) , 58 SHILETTAL L S8 LA S, BN E R MBS 70 51 ALY 5 7659 5 4 3 7 T o



184 MR, 5 B B SR AR SRS B 5 AU R A T 83
EACE BB E, A0 R A S S w0 JXUBR T A BB SR MHET B/ R £42FE C(VO)RERA A
BOREE . AL, RERIE RS AR B — ) e By B 2, R A R B S R
BEER,CEMTHANES, EE IR PHHRE EHIT

ik 20% 2 £, H i, 38w R RS A KR G

FEMBR L RSN FHEAE RS RREER ®1 AwsE

EEY, LW ER, S EG R gles12]) | Table 1 Treatments of the experiment

G4, 1L 111 py pup i ST 26 R 04 10T AT AR AR A AR K 4k 38 AL & Fertilizer rates (kg/hm’)
REHERLZHEMN SR, EXERERKE Treatment N P20s X0
RAHAT B SRR, TONTBE A7 B B R POKO 0 0 0
SORBFFIA B> IR P 4 R 92 g 2 - . »

B RA A B MR 4R SR PIK1 450 125 250

B S RAE R R 2Rt mAXT PIK2 450 125 500

B P I RIS SR S 9k AR o B B B T Y P2K1 450 250 250

W T fRE D, ASBFIT LT B A A — A S R P2K2 450 250 300

T R E R RS B R R G R AR
ﬁ%ﬂiﬁ]‘bf@&ﬂ@ﬂfﬂﬂ,aEﬁ*ﬁ#EﬁAﬁﬁ@HE%ﬂ&m
A SR ST O SR AR B

1 MeEHE
1.1 REig

L4 ER IS YRR ( Citrus reticulata Blanco var.
Ponkan) b R A Ml FEWT VLS e ir R AT T
BaENB AREEMNRE, SR LERERHR T
B. BRI ENLOER T, TEAVLRS5.15 g/ke.
£ %80.38 g/kg 2B 0.16 g/kg £4F 0.94 o/kg AR
% 40.59 mg/kg B BB 6.21 mg/ke. B REF 58.50
mg/kgpH 4.62,

HE R 7 A, EILX AR, 4 KE
5. AL BEESE AL, 7B TR 5
HRE AHRREMELE. KROEMEE A
ENE 1. ERBME 4E0 11 A 25 HRHRE
MM ETE, FES— /DARBKAN R EEE R
EhR BRI HTERR, 5% 15d BUER
EFTIEHT o
1.2 MEmBEHZE

FARERERBEHRL 30N EFR T
5,0 15 d ARREE R 0.001 o)l € LRE
MEER FUNELRE; RN ERAEARERR
LI04, KRER, REEREAE, KBRAE
2R ERLESRNTERE, EE/PXE 30T
HRFMEKELHFHEE N E W EE
#2); Rl 0.1mol/L NaOH ¥ & ¥: W & 7] i & BR
REI2) AR B S BOR A 3,5 - TR K
BERRENED FUTEEESESTHERS &

2 RS

2,1 B HEFRNHERZAREN~ENEM

BAERMHERINEARETHEBNE W
(B 1), AR LA 41 AL A POKO 4L ¥ & AR,
PGB STEAEIEE R AR E BB H B A
BENE, EHRAKET, REBKCEERE
TREWBREE, £ PLKET ., BEHFKEEBE
TN, Wi 7E P2 K AT, P2K1 Kb 3R iy 3 5 2 U s
F P2K2 4B, 7 AMAbFEH DL P2K1 B R E &K
K, Hext B 81.33%,

B 1AREES GRS AR WA
MREGEW. FAER. SR, /=858, S
BB A B I AR R B A T B, T [R) P R 0
SR B g 3 PR SR B AT, R L R REE B KBy
BETR, E&L4HEF, DL P2K2 A& &S
e POKO 5 142.1% . EAHL AT AR ETES
BEFAEAEHEERMEME, HXREH N 0.949,
H AT M B B R E AR R s TR
Rt TREPRMEBEHARE,

2.2 B, %ﬂ*?‘*?ﬁxﬂﬁﬁ%&x_iﬁﬁ&%ﬁﬁmﬂm
2.2.1 WBEEERY  #FE2 R, ERBEE, POKO
AT RS REEE Y S R RAK, S 5ERE SN
B EREHER TUREEEREYSE, HP LU
P2K2 A EE G . 8K 0 —15d, R i B B 4 &
BAFRG, MG TR, 5RIe P 30 ~
60 , 7~ it B 9 A B B it Bl 4T A A9 RS WY A Y
WITRRIE R, e LR A TRIEESR
AN R 60d B AT AR DR R B KT



84 MO ERSER2H 2%

Fruit weight

BRE (gffruit)
3

POKO POK1 P1KO P1Ki P1K2 P2K1 P2K2 POKO POK1 P1KO P1K1 P1K2 P2K1 P2K2
A Treatment

1 B AERNHERCEREN~BNN M@
Fig.1 Effect of P and K application on fruit weight and yield of citrus
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Table 2 Effect of P and K application on the content of soluble solids of citrus fruit during storage

hb 3 BB Y S B Content of soluble solids ( % )

Treatment 0d 15d 30d 45 d 60 d
POKO 12.2+0.1 12.2+0.2 11.3+0.3 10.6+0.2 9.80+0.3
POK1 12.2+0.3 12.4+0.3 11.20.1 10.4£0.2 9.60+0.1
P1KO 12.8x0.1 13.310.1 11.6 £+ 0.1 10.6£0.1 10.1x20.2
P1K1 12.7+0.2 13.5+0.4 12.1+£0.2 11.8+0.3 11.2+0.2
P1K2 12.8+0.4 13.9+0.1 12.4+0.1 12.7+0.1 11.8+0.1
P2K1 12.9£0.1 14.1£0.2 12.5+0.5 12.3x0.2 11.7+0.4
P2K2 13.3x0.2 13.80.1 12.920.1 12.5%0.1 11.9x0.1
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Table 3 Effect of P and K fertilization on content of soluble sugars and reducing sugars of citrus fruit during storage

b3 ] 5 M4 S & Soluble sugar content (%) I JE 4 & B Reducing sugar content( % )
Treat. 0d 15d 30d 45 4 60 d 0d 154 30 d 45 4 60 d
POKO 2.58+0.27 2.64+0.16 2.54+0.14 2.42+0.17 2.31:0.23 4.51+0.35 1.37+£0.21 1.01x0.12 0.73:£0.07 0.58+0.05
POKI 2.87+0.32 3.24+0.36 2.89+0.25 2.67+0.12 2.50x0.14 4.95:0.47 1.25+0.14 0.98+0.07 0.74£0.09 0.61+0.01
PIKO 3.08+0.13 3.21+0.34 3.13+0.11 2.86+0.23 2.69+0.12 5.34+0.13 1.13+0.12 1.05£0.02 0.78+0.03 0.64+0.04
PIKI 3.51+0.43 3.87+0.38 3.56+0.14 3.44+0.24 3.24x0.19 6.05:0.26 1.09+0.08 0.4+0.12 0.81+0.07 0.69+0.09
PIK2 3.70:0.24 3.85+0.17 3.74+0.26 3.55+0.33 3.35:0.26 6.12+0.47 1.06+0.07 0.96£0.04 0.79+0.08 0.72+0.03
PKl 3.63+0.36 3.97+0.22 3.68+0.45 3.50+0.41 3.32+0.31 6.11x0.33 1.04£0.12 0.%4x0.03 0.84+0.04 0.73+0.01
PK2 3.72+021 3.82+0.31 3.71£0.28 3.59+0.14 3.43+0.16 6.16+0.54 1.08+0.11 0.95+0.06 0.86+0.06 0.75x0.05
4 BAEFMNEERTELBIETTEERSENTE
Table 4 Effect of P and K supply on content of titratable acidity of citrus fruit during storage
g B W BB S B Tiratable acidity content( % )
Treatment 0d 15d 30d 45 d 60 d
POKO 1.59+0.17 1.37+0.21 1.01£0.12 0.73+£0.07 0.58+0.05
POK1 1.40+0.14 1.25+0.14 0.98 £0.07 0.74+0.09 0.61+£0.01
P1KO 1.29+0.07 1.13+£0.12 1.05+0.02 0.78 +0.03 0.64+0.04
PIX1 1.25+0.09 1.09 +0.08 0.94+0.12 0.81+0.07 0.69+0.09
P1K2 1.19+0.12 1.06 +0.07 0.96 +0.04 0.79 +0.08 0.72+0.03
P2K1 1.22x0.11 1.04£0.12 0.94+0.03 0.84 +0.04 0.73£0.01
P2K2 1.24+0.08 1.08+£0.11 0.95+0.06 0.86 +0.06 0.75+0.05
£5 BAEFIMHEREERRETRE S/ B E
Table 5 Effect of P and K application on sugar/acid ratio of citrus fruit during storage
g} B/ BR LG Sugar/acid ratio
Treatment 0d 15 d 30d 45 d 60 d
POKO 2.84+0.32 3.71+£0.16 4.09+0.19 4.71+0.23 5.38+0.24
POK1 3.54£0.21 4.23+0.23 4.66+0.26 5.05+0.14 5.91+0.32
P1KO 4.13£0.13 5.01x+0.26 4.83+0.15 5.35+0.11 6.37+0.21
P1K1 4.85+0.16 5.71+0.18 6.05+£0.35 6.09+0.16 6.78+0.14
P1K2 5.15+0.25 5.88+0.15 5.93+£0.24 6.38+0.17 6.79+0.18
P2K1 5.00+0.34 5.90+0.36 6.14£0.22 6.25:0.24 6.89+0.16
P2K2 4.96+0.14 5.76+0.24 6.02+0.15 6.19+0.37 6.83+0.31
xR6 B ERAMHERLERREERELE CRBNBMW
Table 6 Effect of P and K application on Vitamin C content of citrus fruit during storage
Ah 2 C & E Vitamin C content (mg/kg)
Treatment 0d 154d 304 45 d 60 d
POKO 375.2+23.1 356.7+31.4 302.3+ 8.9 244.0 £21.7 208.1+9.8
POK1 385.2+31.2 364.7+22.1 311.0+11.8 252.0+11.3 226.3+£17.8
P1KO 403.9+26.2 392.3+8.9 336.5+20.7 264.0 8.7 245.0+21.3
P1K1 412.8+11.3 396.8+7.8 358.9+22.6 326.0x£5.6 275.3+3.4
P1K2 427.3+£3.7 418.7+11.9 367.8 £ 11.7 356.0+13.6 305.6+6.8
P2K1 449.1+7.9 435.2+22.3 393.4+£7.7 367.0+16.5 338.7+8.7
P2K2 433.0+21.3 385.8£8.5 371.0+17.8 327.9+11.8

425.6+15.4
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Table7 Effect of P and K application on weight loss and fruit decay of citrus fruit during storage

Ab 3 K E K Weight loss (%) JEIRZ Fruit decay (%)

Treat . 15d 30 d 45 d 60 d 15d 30 d 45 d 60 d
POKO 12.24+5.1 19.59+3.3 29.25+4.7 43.45+6.2 3.33 6.67 13.33 20.00
POX1 7.85x£0.1 13.88x0.1 26.65+0.1 32.61+0.1 3.33 3.33 6.67 7.67
P1KO 7.27+0.1 14.10x0.1 20.39+£0.1 29.52x90.1 3.33 3.33 6.67 10.00
PIK1 3.67x0.1 8.78+0.1 11.73x+0.1 19.96x0.1 0.00 0.00 0.00 0.00
P1K2 3.63+0.1 8.44+0.1 11.71x0.1 20.93:0.1 0.00 0.00 0.00 0.00
P2K1 3.69+0.1 8.65+0.1 12.09+0.1 20.53x0.1 0.00 0.00 0.00 0.00
P2K2 4.09+0.1 9.09+£0.1 11.88+0.1 19.97x0.1 0.00 0.00 0.00 0.00
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Table 8 Effect of P and K application on eatable rate of citrus fruit during storage

Sb R A & & Eatable rate( % )
Treatment 0d 15d 30d 45 d 60 d
POKO 81.04+4.15 80.68 +2.34 78.96+3.14 78.05 £ 5.08 71.74 £1.23
POK1 79.68 +1.87 79.29 + 3.58 78.85+1.23 77.61+£2.13 77.41+2.56
P1KO 79.90 + 2.67 79.75+4.36 79.08x2.14 77.96+1.13 77.78 +1.33
P1K1 78.32+3.16 77.78 +1.87 77.69 +£2.35 77.28£2.35 76.96 +3.04
P1K2 77.47 £ 1.18 77.05+2.43 76.52+1.15 76.46 £1.82 76.18 £2.25
P2K1 77.15+3.25 T7.09+4.12 76.65 +2.38 76.53 £ 1.45 76.26 £ 1.66
P2K2 77.20+3.65 77.19+2.42 76.43 +1.28 76.36;*:1.29 76.10 £ 2.31
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