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Dynamic characteristics of K, Ca and Mg uptake by litchi as affected by

temperature and nitrogen form
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Abstract: [Objective] K, Ca and Mg uptake by litchi under varied temperatures and N forms was in-
vestigated, aiming to provide references by selecting suitable N source and K, Ca and Mg nutrient com-
binations for litchi in different seasons or phenological stages. [Methods]A hydroponic experiment was
conducted using litchi seedlings of cultivar Heiye. The designed growth temperatures were 10, 15, 20,
25, 30 and 35°C, and the supplied N forms included nitrate, 1/2 nitrate + 1/2 ammonium, and ammoni-
um. K, Ca and Mg contents in the nutrient solution were measured, and the uptake kinetic parameters of
K, Ca and Mg nutrients were determined. [Results]Except that the interaction between temperature and
nitrogen nutrition had no significant effect on affinity (4.) of Ca** absorbed by litchi, temperature, nitro-
gen form and their interaction had significant effects on the absorption of K*, Ca** and Mg*™ (p < 0.05).
Under the conditions of nitrate and 1/2 nitrate + 1/2 ammonium, the kinetic parameters of litchi on K"
fluctuated with temperature increased, while under ammonium nitrogen treatment, the kinetic parame-
ters did not change significantly as temperature increased. The maximum absorption rate (/m..) of K' by
litchi at 10, 15 and 30 ‘C was found in the treatment of 1/2 nitrate + 1/2 ammonium, which had a signifi-

cantly higher I,.. of K'than the other two treatments. Under the ammonium treatment at 10 and 15 C,
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L.« was significantly higher than under nitrate treatment, but the opposite was found at 30 C. There
was no significant difference in /... among the three nitrogen treatments at the other temperatures. Un-
der ammonium treatment, the 4., of K" absorbed by litchi always had the maximum value at different
temperatures. At 15 and 30 C, the 4., in the treatment of 1/2 nitrate + 1/2 ammonium was greater than
that in the nitrate treatment. However, that in the nitrate treatment was larger at 25 “C. Under different
temperatures, ion compensation concentrations (Ci.,) of K' uptake by litchi was always the highest un-
der the nitrate treatment, with the exception of the lowest value in the 1/2 nitrate + 1/2 ammonium treat-
ment at 15 C. At 10, 15 and 25 °C, the /.., of Ca® was in the order of nitrate < 1/2 nitrate + 1/2 ammoni-
um < ammonium. When the temperature was 20 and 35 “C, the nitrate treatment was significantly high-
er than the other two treatments, and at 35 ‘C, the I, in the 1/2 nitrate + 1/2 ammonium treatment was
significantly higher than that in the ammonium treatment. The 4. of Ca*" absorbed by litchi decreased
first and then increased with the increase of temperature, and that in the nitrate treatment at 15-35 ‘C
was significantly lower than that in the 1/2 nitrate + 1/2 ammonium treatment, and significantly or
slightly lower than that in the ammonium treatment. With the increase in temperature, the change pat-
tern of C, for Ca’* under different treatments were opposite to that of A,.. Under different nutrient treat-
ments, the kinetic parameters of Mg fluctuated and changed with temperature increase. At 10 C, L.
and 4., of Mg>" were the highest and C.i was the lowest, and at 35 ‘C 4, was the highest and C... was
the lowest. At 25 ‘C, the ammonium treatment had the largest /,....[Conclusion] Both temperature and
nitrogen form can significantly affect the K, Ca and Mg uptake by litchi. The combination of ammoni-
um and nitrate was more beneficial to the absorption of K, Ca and Mg by litchi than the use of single
form of nitrogen during the period of autumn shoot growth and fruit expansion period. Calcium and
magnesium fertilizers can be sprayed to supplement Ca and Mg nutrients for litchi after autumn shoot
maturation and before anthesis.
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Table 1 Formula of macronutrients and secondary

nutrients in litchi tree under three N treatments

(mmol-L")
Em AR AR 120H+1/2% AR

Compound name Nitrate 1/2 Nitrate+1/2 Ammonium Ammonium

Ca(NOy),-4H,0  4.01 - -
CaCl, - 401 4.01

KNO; 1.56 - -

KCl - 1.56 1.56
NH.NO; - 4.79 -

NH.C1 - 9.58
K.SO. 0.31 0.31 0.31
KH,PO. 0.43 0.43 0.43
MgSO;-4H,0 1.11 1.11 1.11

VE: - K¥ M. Note: - no added.
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Table 2 Uptake dynamic parameters for K' in litchi as affected by temperature and N form (n=3)

% & Temperature (T) NEZZAN form (N) TN
T H Item
Lo Am Cuin Lrax Aw Cuin Lrax An Cuin
H 1% Freedom degree 5 2 10
FAH F value 178.3 8.07 12.1 386.0 69.9 75.9 107.2 6.83 9.20
P1Y Pvalue <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
—O—HAK Nitrate  —— 1/2/§+1/2 %% 1/2Nitrate+1/2Ammonium ~ —A— #% &% Ammonium
A 7 - 0.48 -
= 5 £ 044 |
E <
=) E
s 3 T 040 -
=
1 0.36 !
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
/% Temperature/ C % Temperature/'C
c 27 -
_ 25 |
=
T 23 |
g
g 21 |
1.9
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i Temperature/'C

AFRVNG FROR R BB TR R N A RIR L R 2

FEHE(P<0.05),

Different small letters attached with the lines denote significant difference at 0.05 level.
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Fig. 1 Uptake dynamic parameters of K" in litchi under different temperatures and N forms
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Table 3 Comparison of uptake Kinetic parameters for K" in litchi as affected by N form under the same temperature (n=3)

EIVIES 2} NG Ki 77 Culture temperature/C

Kinetic o

parameters 1 10 10 15 20 25 30 35

! fit75 % Nitrate 1.880+0.000 ¢ 1.680+0.590 ¢ 2.770+0.560 a 2.770+0.410 2 1.890+0.180 b 2.1300.270 a

(nmol- g™ h™) 12 f+1/24% 1/2 Nitrate+1/2 Ammonia  5.560+0.000 a 5.640+0.000 a 2.470£0.050 a 3.740+0.170 a 2.550+£0.180 a 3.180+0.390 a
B 56 Ammonia 3.550+0.490 b 4.260£0.720 b 2.930+1.180a 3.200+1.060 a 1.770+0.050 ¢ 2.570+0.370 a

Al fit 75 % Nitrate 0.423£0.000 a 0.395+0.003 ¢ 0.412+0.004 a 0.408+0.004 b 0.401:0.004 ¢ 0.420£0.008 a

(L-mmol™)  1/2 4+1/24% 1/2 Nitrate+1/2 Ammonia 0.424+0.000 a 0.448+0.000 b 0.410£0.000a 0.397+0.003 ¢ 0.416£0.005b 0.412+0.005 a
A5 % Ammonia 0.442+0.028 a 0.450+0.001 a 0.423+0.020 a 0.442+0.005 a 0.435+£0.006 a 0.426=0.001 a

Coi fiti A% Nitrate 2.320+0.000 a 2.490+0.010 a 2.390+0.030 a 2.410+0.030 a 2.460+0.020 a 2.320+0.000 a

(mmol L") 1/2 fi+1/2 4% 1/2 Nitrate+1/2 Ammonia 2.290£0.000 a 2.100£0.000 ¢ 2.4004£0.010a 2.470+0.030 a 2.3600.040 ab 2.290::0.000 a

£ A% Ammonia

2.190+0.170 a 2.140+0.010b 2.320+0.120a 2.210+0.020 b 2.240+0.050 b 2.190+0.170 a

R A — S Ja NS TR S E R R (p < 0.05). TN,

Note: Data with different lowercase letters in each column are significantly different (p < 0.05).The same below.

£ 10,20 F135 CH}, 3 Fh 5UE 75 A BE 7 B 0 K-
() A& 220 (F3) 0 SRTTAE 158130 CH AR
RE T NI ACRE & T 120 + 12 8 AR SR A
B0 5 SR TS A, 7E25 CREDRY
B A AN TS AR e A R
T 1208 + 12 8 A0 BE,

TE15 CHF 17218 + 12 B AL FR) Con i 35K T2
AR, MEHE XD ERTHSRLBE GRS,
1E25 CHY, B A FAC R ) B35 T HoAth 2 Fh U 7%
AOFR, T A B R AN 125 + 12 B A3 1) Con TE 2

EIEER. 1E30 CHRHAZEAAIN Co 23 5 T 1/2
B+ 128 0B, J5 3 R m TSR . BAE
10,20 #1135 ‘CI, 3 P FRACFE 2 8] 1) Crin B30T
2.2 FHFERU Ca* Bz hF S8

Bkl R 5 R 7R 058 HLAE F A 7 R Ca 1)
An SO AR 2 TP AL R E RUE R P AL
AR 3 M) )% 2500 B (p < 0.05)
(Fd.
22,1 BEMHH K2-ADR HERERETH
TR ST Ca* (1) L B iR FEE T 750 1T FH 17 ( = 0.120 2x +

x4 REMEERMHRRE Ca N NFESHEMI AT EDI T (n=3)
Table 2 Uptake dynamic parameters for Ca™ in litchi as affected by temperature and N form (n=3)

i Temperature (T) NJEAN form (N) TXN
Tji H Ttem

Tnax An Cuin Tax An Coin Lnax An Cin
H ¥ Freedom degree 5 2 10
FA{& Fvalue 391 12.20 12.07 6.20 127.00 105.40 6.96 1.00 2.65
P& P value 0.013 <0.001 <0.001 0.008 <0.001 <0.001 <0.001 0.474 0.030
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035
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0.26

c 39
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2.7

& THAS Nitrate
—— 1/2 fif+1/2 % 1/2Nitrate+1/2Ammonium
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Temperature/ 'C
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»y=>5E-05x*- 0.003x + 0.350 7
% ) .5

= 6E~05x — 0.002 6x +0.320 7
R*=0.944 5*

10 15 20 25 30 35 40
L
Temperature/'C
—O— 1A% Nitrate
O  1/2%+1/2 %% 1/2Nitrate+1/2Ammonium
A A% Ammonium

»=-0.000 6x° + 0.028x + 3.039
R*=10.926 8*

S =

L ~ A
y=-0.000 6x" +0.036 2x +2.652 6

R>=0.808 5*

10 15 20 25 30 35 40

%
Temperature/C

EARRNGFRFREREE (p<0.05). T,

Note: Different small letters mean significant difference at 0.05 lev-

el. The same below.

B2 FRAEFRFHETHERK Ca" I hFESH

Fig.2 Uptake dynamic parameters of Ca* in litchi under

MR E RIS

different temperatures and various N forms
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10°x°-0.002 6x + 0.320 7,R*=0.944 5"y =5 x 10°x*—
0.003x + 0.350 7,R* = 0.860 3) (& 2-B). {£10 CIt
3FHEE FRACEE T Ca’ I An35H fe KAE , T E 35 C
IS AS B 120 + 12808 57 T A B .

B B v, 3 P EUE 3R AR T 7 B IR Ca™ 1Y
Conn VTG BRAR, 12T + 12 AR S BB 77
FHETHCa SIRERRRGFA — 0 IR
(y =-0.000 6x* + 0.028x + 3.039, R* = 0.926 §;
y=-0.000 6x*~ 0.036 2x + 2.652 6, R* = 0.808 5" (&
2-C)o Ho, BHEEA 120 + 12405 37544 F 18
10 135 CHY Coin A 5K HLIE B T LA IR B b 2
TERAS B TR T 10 CHE Co M 1K o
222 RAEHROHH REE30 CHIMEEKE R
A B V) FY Lo 0 S 35 22 7 1, FLADRL FE T U R AL 3
R E R RE GRS . f£10.15F125 CH,BEEE
TR ARG BRI, 5B Ca* (1 L B 12
= VA A EARHE < 1250 + 12 B b3 < BA A A
HE o SR AE 20 A1 35 CHF, MRS BUALHE 2 2
T HADFI RS FRAEE, HLAE 35 CHRE 128 + 1/2 #4b
PRI Lo X3 8 T RS B HE

B 10 ‘CH 3 FE 72561 N Hh BB Ca ) A 22
FAKRS, R E X THHEREER. HER
A FR R EART 120 + 12 5 a3, 1 )5 3 N2 35 8
THIC T RS EAL B (R 5D,

57 BB Ca* 1 An LA REAN R, 10 F135 °C
I} 3 A R A0 B 2 18] Coin 1) 22 AN K 5 15~30 CHY,
A EAE I Con 3 B8 T 121 + 172 8 A0 B, T
Ja# N R Em T ESRGI RS,
23 FHERE Mg s hF 55

MR 6 IR VEUE IR R A AR 35
R B Mg 1 3 R0 B 11525 (p < 0.01) 6
23.1 BEMHR EHEESEETRKMT,10 CH
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Table 5 Comparison on uptake kinetic parameters for Ca’ in litchi as affected by N form under the same temperature (n=3)

IPAE S 21 NIE& 3 7% E Culture temperature/ C
Kinetic parameters N form 10 15 20 25 30 35
L/(umol-g'-h") A% Nitrate 2.320+0.070 ¢ 2.88040.530 ¢ 4.590+0.250 a 4.100+0.230 ¢ 3.840+0.820 a 5.690+0.430 a
1218 + 1/2 %% 3.850+0.350 b 4.320+1.940 b 3.200+0.260 b 4.420+1.030 b 4.720+1.330 a 4.060+0.830 b
1/2 Nitrate+1/2 Ammonia
#: A5 % Ammonia 4.680+£0.280 a 6.570+0.620 a 3.450+0.800 b 6.070+0.610 a 4.060+0.420 a 3.120+0.00 ¢
Aw/ (L-mmol™) THAS % Nitrate 0.299+0.000 a 0.280+0.003 ¢ 0.286+0.000 ¢ 0.280+0.004 ¢ 0.285+0.003 ¢ 0.294+0.007 b
1258 + 1/2 %% 0.301£0.000 a 0.293+0.002 b 0.2934+0.001 a 0.293+0.002 b 0.296+0.002 b 0.301+0.004 ab
1/2 Nitrate+1/2 Ammonia
#7570 Ammonia 0.325+0.016 a 0.321+0.002a 0.307+0.008 a 0.308+0.000 a 0.309+0.004 a 0.307+0.001 a
Cyir/ (mmol L") M A% Nitrate 3.280+0.000 a 3.510+0.040 a 3.430+0.010 a 3.510+0.060 a 3.430+0.030 a 3.310+0.090 a

125 + 1/2 %%

1/2 Nitrate+1/2 Ammonia

5% Ammonia

3.250+0.000 a

3.320+0.030 b

2.970+0.170 a 3.000+0.020 ¢ 3.220+0.090 ¢

3.350+0.020 b

3.320+0.040 b 3.300+0.010 b 3.230+0.070 a

3.160+0.010 ¢ 3.180+0.050 ¢ 3.200+0.010 a

F6 BEMREFMHZFEWIL Mg NHFSHEMMAEST(n=3)
Table 6 Uptake dynamic parameters for Mg*" in litchi as affected by temperature and N form (n=3)
T H Ttem 1% % Temperature (T) NJEZAN form (N) TN
o An Chin Lo Aw Chin o An Chin
[ ¥ Freedom degree 5 2 10
F1H F value 14.70 6.84 9.84 29.80 20.60 24.00 19.00 4.29 6.25
P1H P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001
—O—fHA% Nitrate  —F— 1/2 fi§+1/2 %% 1/2Nitrate+1/2Ammonium ~ —A— #% &% Ammonium
A 3 - B
1.15
= ~
—.;_m 2t =
: g 1.05
Eat 2
I < 0.95
0 0.85

FE T Lo FEIR S T+ 57 0BT 22 P 15, 76 25~30 CiE
Bl PN 24 R 1E B /KT, BE SR B IR P 4k 2242 m 2235 °C

}H\UEZ%‘F%O %ﬂ?{&ﬁ%?‘%‘FB@meE 10~25 OC Hﬂ‘élji

10 15 20 25 30
¥ Temperature/C

C 1.15

1.05

0.95

Cir/(mmol - L")

0.85

35 40
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Fig.3 Uptake dynamic parameters of Mg™" in litchi under different temperatures and N forms
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EGLA RSB 120 + 12 88 F2 0, BEIR JE
TFE R Mg 1) A KELE T T T BT 1 e
FIZ B AR R, HAE R E (10 A1 35 COR A i
KAE . PR E SRS TR BAR A, BE IR AR 101 T
B ABLE 108115 CHA B E (B 3-B).

FHFER I Mg 1) Crin BEIRLFE (AR L A 5 4K
HA R (B 3-C)0 3FEE FRZMT 10 TR

A E/ME, BEIRE T o LR R AR R A
[ A 2 A P = B B R a3

232 AEFRGH M WRTHIR,IE10 CHAEE
B IR Lo 2 35 120 T ECAS AR, 17 )5 25 SR 25 1
F 1204 + 12840, 15 F125 CIF Y A S R AL
PR Lo 0 3 1 T AP FR 0S5, A 15 C A
BEMEM L B E ST 120 + 12848, 1M

x7 HRERETARREFLEZRRIE Mg s hFSERI LR (n=3)

Table 7 Comparison of uptake Kkinetic parameters for Mg* in litchi as affected by N form uder the same temperatures (n=3)

FIpAL S 21 N R 77 Culture temperature/'C

Kinetic parameters N form 10 15 20 25 30 35

Lw/(umol-g'-h")  fiA% Nitrate 2.25+0.00a 0.8840.21b 1.4240.16a 1.04+0.20c 0.90£0.06a 0.81+0.21 a
1/2 7§ + 1/2 4% 1/2 Nitrate+1/2 Ammonia 0.85+0.00 ¢ 0.85+0.00 ¢ 1.03+0.08 a 1.31+£0.06 b 1.32+0.07 a 0.90+0.00 a
#25% Ammonia 1.59+0.27b 2.19£0.06 a 1.06+£0.25a 1.82+0.30a 1.27+0.35a 0.79£0.13 a

A,/ (L-mmol™) TH A% Nitrate

1/2 1§ + 1/2 4% 1/2 Nitrate+1/2 Ammonia
2 #4 % Ammonia

A5 % Nitrate

1/2 % + 1/2 %% 1/2 Nitrate+1/2 Ammonia
£ 4% Ammonia

Chir/ (mmol L")

1.06+0.00 a2 0.95+0.02a 0.99+0.01 a 0.95+0.01 a 0.96+0.01 a 1.00+0.00 a
0.95+0.00 ¢ 0.92+0.00a 0.944+0.01 a 0.90+0.01 b 0.95+£0.00a 0.95+0.00 b
0.98+0.05b 0.96+0.01 a 0.93+0.05a 0.94+0.00a 0.94+0.01 a 0.94+0.01 ¢
0.90+0.00 ¢ 1.03+0.02a 0.99+0.01 a 1.04+0.01 b 1.02+0.01 a 0.98+0.01 ¢
1.03£0.00 a2  1.07+0.00 a 1.05+0.01 a 1.09+0.01 a 1.03+0.01 a 1.04+0.00 b
0.98+0.06 b 1.01+0.01a 1.06+0.05a 1.03+£0.01 b 1.04+£0.01 a 1.05+0.01 a
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