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Effects of Reduced Chemical Fertilizer with Organic Fertilizer Application on Growth, Yield,
Quality and Fertilizer Utilization Rate in Litchi
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Research Institute, Chinese Academy of Tropical Agriculture Sciences, Haikou 571101, China; 3 Research Room of Litchi and
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Abstract: Excessive use of chemical fertilizers led to the degradation of soil quality, resulting in soil acidification and poor yield.
Based on the nutrient input and removal of litchi fertilization, the growth, yield and quality of litchi and fertilizer utilization rate
were explored to study the effects of reduced chemical fertilizer with organic fertilizer application, aiming to provide a theoretical

basis of reasonable fertilization for improving the quality and efficiency of litchi. A field experiment of Feizixiao litchi were
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conducted in Hainan, including 5 treatments: 100% chemical fertilizer (CF), 70% chemical fertilizer + 5 kg/plant commercial
organic fertilizer (OF5), 70% chemical fertilizer + 10 kg/plant commercial organic fertilizer (OF10), 70% chemical fertilizer + 5
kg/plant bio-organic fertilizer (BIOS), 70% chemical fertilizer + 10 kg/plant bio-organic fertilizer (BIO10). The results showed
that: compared with CF, OF5 significantly promoted the growth of young shoots. There were no significant differences in leaf
nutrient contents among all treatments at branch or mature stages. At the second and last branch stages, the leaf nitrogen contents
of OF10 and BIOS5 were significantly higher than CF. The leaf nutrient contents of each treatment were in the appropriate range,
and the trend were in line with the growth law of litchi. BIO5, OF10 and BIO10 significantly improved the per plant yield
compared with CF. The organic fertilizer treatment could improve the internal quality of fruit, the averaged increase of soluble
solid and soluble sugar contents in all organic fertilizer treatments were 1.76%-3.22% and 11.96%-21.84%, and the decrease of
titratable acid content were 15.38% to 35.35%. The comprehensive evaluation result of yield and quality was
BIO5>BIO10>CF>0F10>0F5. Compared with CF, the partial factor productivity of N in organic fertilizer treatments was
significantly increased, BIO5 and OF10 significantly improved the partial factor productivity and agronomic utilization of N, P
and K, compared with other treatments. OF10, BIO5 and BIO10 could significantly increase the economic benefits of litchi
compared with OF5 and CF. Considering the growth of litchi, fruit yield and quality, fertilizer utilization efficiency and economic

benefits, reducing 30% chemical fertilizer combined with 5 kg/plant (2 700 kg/hm?) bio-organic fertilizer or 10 kg/plant (5 400

kg/hm?) commercial organic fertilizer were the optimal treatments in this area.

Key words: Litchi; Organic fertilizer; Yield; Quality; Fertilizer use efficiency; Economic benefit
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Table 1 Nutrient amounts and ratios of organic and inorganic fertilizers in different treatments

G A A HUETE S RE AU T4 o
FE A (kg/hm?) BEA M (kg/hm?) BN (kg/hm?) (%)
N P,0s5 K,O N P,Os K,O N+ P,Os+ K,O N+ P,Os+ K,O

CF 340.2 183.6 415.8 - - - 945.0 -

OF5 199.8 140.4 329.4 32.40 37.8 81.0 820.8 18.47
BIOS 199.8 140.4 3294 81.0 59.4 27.0 837.0 19.84
OF10 199.8 140.4 329.4 64.8 75.6 162.0 972.0 31.19
BIO10 199.8 140.4 329.4 162.0 118.8 54.0 999.0 33.12
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Fig. 1 Nitrogen, phosphorus, potassium inputs of orchard surveyed
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Fig. 2 Annual dry matter accumulation and nutrient removal of different organs of litchi
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Fig. 3 Litchi growth traits under different fertilization treatments
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Fig. 4 Nutrient contents (A,B,C) and nitrogen phosphorus ratios (D) of litchi leaves under different fertilization treatments
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Fig. 5 Litchi appearance qualities and average yields per plant under different fertilization treatments
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Table 2 Quality indicators of litchi under different fertilization treatments

W REMERDEY (g/ke) B (%) Y1 F C (mg/kg) R (e/ke) TR (g/ke) TR L. (%)

CF 181.8+119a 75.18+1.29a 286.55+42.15a 1524+7.1b 1.02+0.36a 162.25+53.78 b
OF5 186.6+7.1a 76.18+3.37 a 284.21 £39.66 a 173.9 + 6.6 ab 0.83+0.05a 210.59 + 6.36 ab
BIO5 187.7+13a 7334+ 1.03 a 252.05+23.56 a 185.7+5.6a 0.86+0.19a 222.52+51.40 ab
OF10 186.4+5.7a 7433+ 0.68a 236.84 £59.26 a 170.6 + 14.1 ab 0.66+0.10a 261.20 = 24.35 ab
BIO10 185.0+4.5a 74.13+1.85a 319.06 + 74.39 a 1779+ 189 a 0.69+0.17 a 271.90+£83.73 a

TE: BRPR He=nl iR/ E IR s RSB /NG PR [R) 3 7R A BRIE) 22 57538 P<0.05 2K, Tl
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Fig. 6 Radar chart of evaluation indicators of litchi yield and quality
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# 3 HRFEEFMRBRERESITENE
Table 3 Comprehensive evaluation results of indicators of litchi
yield and quality

TFH K Vx Y Her

b -3 TH AR

CF 0.30 0.61 10.22 1.75 3
OF5 0.32 0.67 9.14 1.72 5
BIOS 0.37 0.69 9.72 1.90 1
OF10 0.35 0.73 8.40 1.72 4

BIO10 0.38 0.74 8.77 1.82 2

e s KSR, Y BREOTH LR
A Jb B A P RN RS VI 45 R HEE . BIOS>
BIO10>CF>0F10>0F5(% 3). BIO5 4b#5 BIO10
REFR Y fH A 1.90 F11.82, Hi4y 3 PMbH YR
AK, H BIOS ZbHEHmHAS vx (HB K, F£H
HEFERIMB MR, KRR
25 BELPEIEE B VALY Z R RLF B R

A

RECRER FZACR AR BT VB 9 6 BE Ak %) W5z 5]
TR0, TFRI A 7= 71 52 BERE R FH 2R e ] PR 638

%o Wk 4 fon, 5 CF ABAHLL, OF5 1 OF10 P
ot 568 5 A MLAE Ak 3 A ENE O A= 7 1 4 i 3 T
37.85. 66.44 kg/kg, FAERFRCRITHIHEINT 0.48.,
43.51 kg/kg; BIOS Fil BIO10 Wifhtk ¥y HLAEAL B ()
RACARAE = S0 BN T 67.91, 10.68 kg/kg, AL
PEFRCERI BN T 50.44 ., 14.87 kg/kg, HANIE
Ak B ) RO A 7= 1 RVRUIE A A RCR 2 3 w3 Tk
JEALF(OF5 AbFRANCAE 7= J1BR 41, 25 |, BIOS
LB AR R R, OF10 4b¥iyk 2 . 5 CF 4bB
HEL, BIOS AbFEBENEAmA: = 1 . BEALA £ 57 3
PERT 74.77.105.57 kg/kg, B3 = T HABAL B OF 10
A 3 B A A 7 ) L B RE AR 2E ROR oy AR = T
17.59. 71.82 kg/kg, {WIKTF BIOS AbFE ., MAPAEAFIFH
Rk, BIOS AbH A4 AL A 7= 1 AR AR A 25k R
P 25 v T A AL B, SEEACAI R 8 A FEEA
A FRAE AL 88 7= S5 HE e 5 B IE R % HE P — 2L, BIOS
LB 2 OF10 ZbH4351°8 61.02%. 51.05%, OFS 4k
HEWEAIC T CF kb3,

x4 TEEAELIERZ AR F ARG

Table 4 Fertilizer efficiencies of litchi under different fertilization treatments

ghE R RAR B 2 72 17 (kg/kg) HE A 220K (kg/kg) HE R 7
(kg/plant)  (kg) N P,0s K,0 N P,0;s K,O (%)
CK 5047 0.00 - - - - - - -
CF  56.13 1.61  88.82+2.48d 277.89+7.77b 72.81+2.04d 8.96+2.48¢c 28.04+7.77cd 7.35+2.04¢c 11.22+3.11d
OF5  54.53 138 126.67+4.48b288.54+10.65b 71.61 +2.64d 9.44+4.68¢c 21.50+10.65d 5.34+2.64¢c 8.05+3.99 d
BIOS  81.27 141 156.73 +8.752352.57 = 19.68 a123.51 + 6.89 2 59.40 + 8.75 2 133.61 + 19.68 2 46.8 + 6.89 a 61.02+8.99 a
OF10  76.23 1.66  15526+3.96a 29548 +7.53b 83.50+2.13 ¢ 52.47+3.96a 99.86+7.53b 28.22+2.13b51.05+3.85b
BIOI0  66.37 171 99.50+4.08¢c 194.62+7.98¢c 94+385b 23.83+4.08b 46.62+7.98c 22.52+3.85b31.50+5.39 ¢

2.6 BUHEA BEIE HEE AL AE XY 25 4 & B R ER B R

m s i, ANEGERAFET, WAS A FRL 2
W AR, BIOS. OF10 Y5 CF AbBRAHLEL, $EAME
B A A g, A3 51.20, 47.94 Jiot/hm?, 5
CK AbFEAH LY, W 25 38 K = 35 56.62% . 46.65%. BIO10
Ab PRI S 3 = T OFS AbHAI CF 4bBE, 5 CK AbR

FHEE, WL 2E3E IR N 25.77%. OFS5 AbH 5 HEAIE T CF
AhH, HRIAE| B RS, HRAMT CFAM., 5
CK AbHEAHEL, OFS 4b¥iY CF AbPRUL 534 18 70 51
4.82% ., 6.89% . AS[FlJita AE AL BE ) 7= 8 L HERE A BIOS>
OF10>0F5>CF>BIO10, OF5 b B 7= LA K T BIOS
AbFE . OF10 4b#,

&5 AEIHEARLLIER 5K E A FE

Table 5 Economic benefits of litchi under different fertilizer treatments

Ab ¥ FER(t/hm?) Hff (Ot/ke) FE{E(J7 76/hm?) AT 78/hm’) i 25 (J7 76/hm’) Wi 25 3 (%) 44
CK 27.24 12.00 32.69 - 32.69 - -
CF 30.30 12.00 36.37 1.43 34.94d 6.89d 25390
OF5 29.43 12.00 35.51 1.24 34.27d 4.82d 28.53b

BIOS 43.86 12.00 52.66 1.46 51.20 a 56.62 a 36.05a

OF10 41.15 12.00 49.40 1.46 47.94b 46.65 b 33.82a

BIO10 35.82 12.00 43.01 1.89 41.11 ¢ 2577 ¢ 22.72b
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3.1 HMENRREEEASEVRAEB RS
P75 5y IE % 43 57

ANE BTt AT DL e B = 1 5% oA 25tk , PRIIEE
WA IR IR T R PO ARBF g, TR
PRVt A I it A HLAE &b B A 1 T 7 A A e
Ry R, HAEYA MUEAL B 48 28 1 i 5 T
R A AU, SRRTIFESERY D R s
W AEPIEPE R . AR NN LR SE 45 AR
Wi 30% ALIESE, e R A HUIEA SO 2508
B IERA R (K 2A ~ 2C), IRE—E LB b
IR a(E 3A), SR A . SRR B R
g R —3 T, RRE R B M EE B, &
PR TR T R RS 2 2B b B C &
BAHNI19.7~22.0g/kg, P1.69~1.95g/kg, K10.8 ~
12.7 g/kg® o IR R I: i 320 T RORTE], 45
AMEFBEB N, P K TR BRI NSK>PP, i
AN, P ACFITEAE A IA B i m k-, T K
REFRERTA IR R ST, RS, P K
TEREE, N Z 5 EIRAYERR R R ACERY, AT
FAMI N, P, K F24EC & IE K, R
BHZ O B N R &b T B ayu M, M P, K
JCR G EHMWMAL, HARWA N, P TR HRT =
TEAHI, ATREH TRORS M RR B2, R RIL R
INB R . R AAIRTAHLE AR P K TR S
RTACAEAL AT RE b T I 2 M S ECE L PL K JC
R FIRS PP, 0 B NP B R IR N
P BRAIAFIEA(5 A 0Y, Al NP<14 B, A K23
N Bl MY N:P>16 B, K323 P Rl Y
N:P 4T 14 F1 16 Z[HIF, MPAEK TR N, P
BRAIEY ARFIEH, —. TSI N:P<14, AT N
RBRFIAE YRR, R RO A h 32 o A T SRR
K, AR N:P>16, IHTE N ZAEh R
N Z R AN, P RAIXTEAL, HEA S, S
WINP>16, M2 P RKIRG, BT RE P REH
BN, 25 B IR R 4456 A B AR TR 2 2R
VR0t A NE B A [) ] A FLIE S i AR NS AR L, 7
FAH A A FF AR A2 B 8 5 o 45 A7 HLAE A BRAR A 55 53
AT G A RE KA, F250 & i 5L BEAH
WAERREAL, — BT FiaA s
32 REHEEEEERAEEVNREBERSE

it FIRE MR

HT BRI, it A ALIE X ek - S8R0 g | 52

A 7 R ¥ AR AT, A AL 5 Ak RE it )
Tt AEAS I P RCR O T it A e sl LR R FEA
fFgE e, Wit 30% fLAR, Mcit 5 kg AZWAHLAE ., 10
kg AEYIA ML . 10 kg 30 7 5 A HLAC AL FE 0% 7= b A
HUALIE S IR TE 44.77% . 18.23%. 35.81%. %
AL, A AR A B PSR AR AR A AN [ A
JEFETE, S54RI SR BRI 2 W AP — 3, 7E
BE L SR R S A R B, A A AR sk A A
HUIE, 5 HLAECL A e it mT ik 25 488 o SR S A mT s P
WERR L . BOBERT Ve SEPY A R R A
A MEER, 55 RN KA 5 %)
KR, AIUETSAHEZR N, P. K 3FRLEH
LEICER , KRB R SRR T RE FF 2y 5200 e
JBC, AR VR AN TR A A B SR Y H gk
1 N RZAERDKPRIIE T 2R A B N Rl 2 55
(R SR 6 B L £ 4 2R RN 22 2 SO 22 3 SO st
B, BRI SRR AN, F R E N B Y
BT A, LRI R A8 B Fealy i R R T
2 MANIE S A EER Ca, Mg, Zn, Fe, B %
ZRph i e &, BlitiA ML RES A Sckh 78k
e R, I FERR ™ B St 42 = 5 IRl
FEAMIEGE Lt A LR 2 R — o R 4 = 75 BT I
PEFETEY . AR RO E, b EOE A A HLAE
10 kg MRERIEHETE Ve Fra, FEF e AP0
WL AMLEL BT LA R N AE T, FRATTR B, DR IE
30% FECHEAEYIAHLE 5 kg, 10 kg BEM KR TF 75k
PRI TR 5. 3R 3), Ot IE B A AT AL 10 kg
TEM BT LA S (H 7= 5 AR B A B AR K
P
33 RBEHREEEEHAEGVEEBRESER

FRARMEZFUE

REAL A 2EROR A A 7™ 1 FFR 53 R ek e
BRI R A8 e bR, H57 5 | At & 5 )
KK R e VI Dobermann 25 AR &1
PIRBE E R R K 30% ~ 50%, RIBKEREERN
10 ~ 30 kg/kg, AR ™ 14 40 ~ 70 kg/kg, A3
N ZE S, AR R, WAL 30% Mot A )
T A AR 6 0 1 4 2 ) 2R % R A A 7
14 H AR R 5 [RI, BRC it 35 38 7 A
HUIE 5 kg, HAEHUIEAL A H AL B A7 R i
PR AR AR RO S tE ™= 01, HEK. B
MR LT LR s R — 8T — T, AL
A FE BRI, A SR AR PR A Y B S5
K, AR ZEXT AR B e N A fE, s T
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PRI W, AP A E R R A K
HETINAR 2R A i SR ZR G T, RIS i A rp oA
P. K, AFTHRGIRRILE S5—m, AL
RE ARSI A E VAL, AN OEFA KA 35w,
[ BF AT DA A [ R DA R L 0 A T A R 9 41 o)
FOCTERE, WA TR R, A E 1. A
PEGE , AR PRGOS EE , I InPEY 7= &,
0 R A 0045 A EEA B, B A
YIAHLIE 5 keg/bRBE 8 R AL A HLIE 10 kg/bR IR
KL T AWML EAIIERRIE S, A
{CEARUFRE R 1 R AR, R A AR T R
A GG TR T, SRS A VUL 10 kg/tkS
AEYEHUE S ke/MRAbHE =3 L83, S fefE
it &S % .

4 g

Wit 30% LA RS T B B A HLIE AT
DAAERF BT R SR RS 0, AR T4 = i 5
JoT o BTt AT HILAE I AT DL 25 4 & 2 A A 2B = 1 5
PREEFHROR, REATRES . 256 VU A T
P ARA K e 2 R as s, BRIEAE A HLIE 5 ke
(2 700 kg/hm?) B LA HLAL 10 kg(5 400 kg/hm?*) H A7
R A
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