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Kinetics of nitrogen and phosphorus uptake by litchi under different
temperatures and nitrogen forms

ZHU Lu-wei, ZHOU Chang-min, BAI Cui-hua, OU Yu-cheng, YAO Li-xian"
( College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China )

Abstract: [ Objectives ] Temperature affects nutrient uptake by plant directly, and plant has a preference for
nitrogen (N) form. The N and P uptake of litchi with varied temperatures and N forms was investigated, aiming to
provide a basis for selecting suitable N source and P source with season (phenology) in litchi. [ Methods ] A
hydroponic experiment was conducted using litchi seedlings of cultivar ‘Heiye’as test materials. The designed
growth temperature was 10°C, 15°C, 20°C, 25°C, 30°C and 35°C, and the supplied N forms included nitrate (NN),
1/2 nitrate + 1/2 ammonium (1/2NN + 1/2AN) and ammonium (AN). After the seedlings were kept in hungry for
48 h, they were loaded into the treatment solution. At the 0, 1, 2, 3, 4, 6, 8, 10 and 12 h since the treatment, the N
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and P contents of the nutrient solution were measured, the uptake kinetic parameters of N and P nutrients were determined.

[ Results ]| Temperature and N form had significant effects on uptake of N and P nutrition by litchi (P < 0.01).
With the increase of temperature, the maximum absorption rate (/,,,,) of N by litchi under treatments of nitrate and
172NN + 1/2AN supply fluctuated, but that was not impacted significantly under treatment of AN. The 7, of N
uptake under AN at 15°C and 30°C was significantly higher than those under the other two N nutrition treatments,
and that under 1/2NN + 1/2AN condition was the highest at any other temperatures. When a sole N source was
fed, both the affinity to N (4,,) and ion compensation concentrations (C,,;,) in litchi fluctuated with increasing
temperature; while fed with 1/2NN and 1/2AN, the 4,, was increased with temperature(10°C-30°C) but C,,;,
decreased. The /,,, of N uptake of litchi was related to temperature, however, the lowest /,,,, and C,,, and the
highest 4,, were all obtained in litchi seedlings fed with sole nitrate. Under 1/2NN + 1/2AN nutrition, litchi plant
showed significantly higher 7, with higher C,,;, and lower A4,, for NH," absorption, compared with NO; uptake.
The role of N sources on H,PO, absorption by litchi was related to temperature as well. There was no
significant difference for the 7., of H,PO, uptake among N sources at various temperatures, except that at 15°C
and 25°C, the I,,,, ranked as 1/2NN + 1/2AN > AN > NN nutrition. The 4,, and C,,,, of H,PO, uptake were similar
under different N nutrient conditions, with the exception of significantly higher C,;, or lower 4,, under nitrate
supply at 15°C. [ Conclusions ] Litchi prefers nitrate, but its absorbing capability for ammonium is higher.
Supplying sole ammonium at 15°C and 30°C or supplying nitrate and ammonium simultaneously at other tested
temperatures are beneficial to N uptake by litchi. The simultaneous addition of both nitrate and ammonium shows
promotion of H,PO, uptake by litchi only at 15°C and 30°C, followed by sole ammonium nutrition. In order to
improve the absorption of N and P nutrients, nitrate fertilizer should not be applied in one time heavily in litchi
production.
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Table 1 The element formula of three kinds of N form nutrient solution

HIRM

wInagik &4 Added compounds

Nutrient solution

Ca(NO,),4H,0  CaCl, KNO; KClI NHNO; NH/(ClI K,SO, KHPO, MgSO,4H,0
NN 4.01 - 1.56 - - — 0.31 0.43 1.11
1/2NN + 1/2AN - 4.01 1.56 4.79 - 0.31 0.43 1.11
AN - 4.01 1.56 - 9.58 0.31 0.43 1.11

¥ (Note) : NN—NO,-N, AN—NH,*-N; “—” F/RARANNNot added.
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Fig. 1 N uptake Kinetic parameters of litchi with
temperature under various N nutrition forms
[7E (Note) : NN—NO,-N, AN—NH,"-N; Elrfihk FAR RN
B FRR IR — R R B IR A ARG A B E] (Y 22 5 i (P <

0.05) Different lowercase letters attached with the lines denoted

BRI C, BEIRL I Z AR 4, 1K

significant difference at the 0.05 level.]

®2 BREMEARESNGREEREANFESHEWHNFTEN

Table 2 Variance analysis of N uptake kinetic parameters in litchi as affected by temperature and N form

i g 1 E Temperature (T) AZIEAN form (N) TxN

ftem L. 4, Cun Lo 4, Cun Lo A, Con
i Hi ¥ Freedom degree 5 2 10
F{EF value 7.65 56.0 86.5 194 1312 1345 6.80 31.5 394
P{EP value 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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FEIT, ZH BRI NOSHY 1, 7E 25°C WA foRfE, 1B
AN [RGB ) A d 3 25 57 TR NH 1Y 1., B
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0.9599x + 16.617, R>=0.87917), 1£ 10°C W&, 4
fE25°C WA (K 2a) . IR S, % Bk
NO, 1 I, %% T NH, (P <0.01),

[ LR NO, I NH E LT, Z5 R0 NO, il
NH, 1 4, BRI E A ST m (v =0.0021x +
0.1837, R>=0.7609"; y =0.0027x + 0.16, R> =
0.8403") (I8 2b), HARZH KON PHFNES 119 4, 227 A
W3, EXF NO, B —ERS KT NH, .

5 A, B E KRR, 7RIk NO, 1
NH, 1 Cyi YIBE IR BE 0 TH = M REAL (v = —0.0377x +
5.102, R*=0.7453"; y =-0.0546x + 5.684, R’ =
0.8258") (&l 2¢). [RIFE, EARTH BN AP B+ 1Y
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Table 3 Comparison on N uptake kinetic parameters of litchi at the same temperature as affected by N form

I RE SRR Culture temperature (°C)
Nutrient solution 10 15 25 30 35
I [umol/ (g'h) ]
NN 8.59+2.10¢c 6.87+1.31b 11.3£2.10a 920+ 097 a 7.92+1.66b 13.7£1.20a
1/2NN + 1/2AN 233+1.15a 9.75+£0.95 ab 134+130a 159+4.11a 8.03+1.22b 150£4.13a
AN 11.9+095b 124+2.03a 11.9+£2.38a 154+195a 152+£2.59a 10,6 £1.57a
A,, (mmol/L)
NN 0.140 £ 0.002 a 0.140+0.001 a 0.138+0.001 a 0.139+0.001 a 0.139+0.003 a 0.133+0.003 a

1/2NN + 1/2AN 0.100 £+ 0.005 b 0.102+0.001 b

0.103 £ 0.000 b

0.120+0.010b 0.133+£0.003 a 0.124 £ 0.003 b

AN 0.099 +0.001 ¢ 0.101 £0.001 ¢ 0.101 £0.001 b 0.100 + 0.004 ¢ 0.108 +0.003 b 0.103 +£0.001 ¢
C,i (mmol/L)

NN 6.98 £0.00 ¢ 7.03+0.07 ¢ 7.06+0.10 b 7.04+0.02 ¢ 6.94+£0.18b 7.28+0.20¢

1/2NN + 1/2AN 9.59+039b 9.60+£0.15b 9.54+0.02a 822+0.70 b 7.25+£0.21b 7.90+022b

AN 9.80+0.11a 9.64+0.15a 9.68+0.14a 9.83+051a 8.93+036a 9.50+0.18 a

1 (Note) : NN—NO,-N, AN—NH,"-N; [5]55d 5 A 5 FhE s 1 — S HOR R ZUE S AL BLH 24 53 1.3 (P < 0.05) Values followed by
different lowercase letters indicate significantly different among different N form treatments at the same temperature (P < 0.05).
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Fig. 2 Kinetic parameters of nitrate and ammonium
uptake by litchi with temperature under both N forms
[ (Note) : ARI/NEFEFRAREEMEZESRLF (P <0.05)
Different lowercase letters denote significant difference between two

nitrogen forms (P < 0.05).]

T4 BEMREFNZHRERIE HPO, T HF S

W H,PO, Msh 1 S8 S REA G, 7
10°C. 20°C. 30°C F135%C B 3 FhA R EFRZM T 7
eI H,PO, 1Y 1, B8 E R 76 15°C A1 25°C
Bf 4 12NN + 1/2AN &b BRI 1, 035 & T AN Ab 3
By, A R ST NN AR (P < 0.05) (3 5).
FR7E 15°C ) 1/2NN + 1/2AN Fl AN &b B R 75 45 %
H,PO, ) 4, #124, JfH B E & T NN Zh#sh, Hib

TR 3 DNAE TR 4, WA BEZN, T

EMHFED (1=3)

Table 4 Variance analysis of the kinetic parameters of H,PO,” uptake by litchi as affected by temperature and N form

BiE| 1l Temperature (T) AELAN form (N) TxN

ftem L Ay Cuo Ly Ay G Le A, Gy
i Hi ¥ Freedom degree 5 2 10
F{HF value 5.07 4.00 3.00 26.9 10.3 8.63 7.62 3.87 452
P{EP value 0.0040 0.0093 0.0315 <0.0001 0.0006 0.0016 <0.0001 0.0035 0.0013
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Table 5 Comparison on uptake Kkinetic parameters for H,PO,” in litchi at the same temperature as affected by N form

EFW 5 F# 1R Culture temperature (°C)
Nutrient solution 10 15 20 5 30 35
L [umol/ (g'h) ]
NN 0.84+0.18a 0.33+0.03 ¢ 0.85+0.14a 0.68+025¢c 0.67+021a 0.76 £0.02 a
1/2NN + 1/2AN 0.72+0.04 a 1.48+0.09 a 0.97+021a 1.38+043 a 1.28+025a 0.68+0.05a
AN 0.72+0.08 a 0.76£0.12b 0.87+0.00 a 1.01+0.26 b 1.06+0.42a 0.61+0.20a
A, (L/mmol)
NN 2.52+0.15a 221+0.01b 2.43+0.00 a 2.46+0.07a 240+0.01a 2.42+0.02a
1/2NN + 1/2AN 2.42+0.00a 2.42+0.07a 2.47+0.05a 2.38+0.04a 249+0.07a 2.41+0.01a
AN 2.57+0.09a 2.50+0.02a 2.55+0.00a 2.44+0.05a 245+0.05a 2.50+0.09a
C,» (mmol/L)
NN 0.38+0.03a 0.44+0.00 a 0.40+0.00 a 0.39+0.02a 0.41+£0.00 a 0.40+0.03a
1/2NN + 1/2AN 0.40+0.00 a 0.39+£0.03b 0.39+0.01a 0.41+0.01a 0.38+0.01a 0.41£0.00 a
AN 0.37+0.01a 0.39+£0.01b 0.38+0.00a 0.40+0.01a 0.39+0.01a 0.39+0.02a

# (Note) : NN—NO, -N, AN—NH,*-N; [AlF 5 AR FEE 2R A — S HA R ZUE S A H R 25 57 % (P < 0.05) Values followed by
different lowercase letters indicate significantly different among different N form treatments at the same temperature (P < 0.05).
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