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Differences in absorption and utilization of nitrate nitrogen and ammoni-

um nitrogen in the seedling of Rosa roxburghii

WANG Mengliu, FAN Weiguo’

(College of Agriculture, Guizhou University+ Guizhou Fruits Engineering Technology Research Centre, Guiyang 550025, Guizhou, China)
Abstract: [ Objective ] Rosa roxburghii Tratt. is one of the most important fruit trees in southwestern Chi-
na. The content of vitamin C in 100 g of R. roxburghii can be higher than 2 000 mg, which attracts the at-
tention of fruit industry and academia. The production of R. roxburghii in the southwest region of China is
expanding. So far, the absorption and utilization characteristics of different forms of nitrogen in the crop
have not been well defined, and therefore there is a lack of information about nitrogen nutrition manage-
ment for the crop. In this study, we investigated the absorption kinetics, the uptake efficiency and nitro-
gen utilization efficiency of NO; and NH,'. The differences in the uptake and utilization efficiency of NOs~
and NH." were studied under different nitrogen concentrations and temperatures, and the effects of supply
of different proportions of nitrate and ammonium nitrogen were studied. The purpose of this study was to
provide the theoretical guidance for the selection of nitrogen fertilizer in the cultivation of R. roxburghii.

[ Methods ]In this study, the seedlings of R. roxburghii Tratt. ‘Guinong 5’ were used as the material. The
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Hoagland and Arnon nutrient solution formula and sand culture were used in the nitrogen treatments.
Five nitrogen treatments were set with different ratios of NOs to NH,", i.e. 1:0, 1:3,1:1,3:1 and 0: 1,
and seedlings biomass, nitrogen absorption and utilization efficiency were investigated after 60 d of the
treatments. Depletion method were adopted to measure the affinity, the maximum absorption rate (/,..)
and the flow velocity (c) of NO;™ and NH." in root under different concentrations and proportions of NO3~
and NH,". This study also analyzed the effects of different temperatures on absorption kinetics of NO3
and NH," ions after supplied with NO;~ or NH," at the concentration of 2.0 mmol - L', [Results ] The ab-
sorption pattern of nitrate nitrogen, ammonium nitrogen and total nitrogen followed the Michaelis—Menten
kinetics equation. The preference of nitrate nitrogen absorption did not change due to the changes in
NO;™ and NH." ions or temperature in the medium. The results provided important scientific basis for se-
lection of nitrogen fertilizer. When NO; =N or NH,'~N was supplied alone, the maximum absorption rate,
affinity and flow velocity of NO;™ were higher than those of NH,", and this characteristic was irrespective
with the changes in the concentrations of NO;  and NH." ions. The I... and a values of NO; and NH,"
were significantly decreased by extreme temperatures in the medium, but the values of I,.. and a of NOs
were always higher than those of NH,". 30 °C resulted in the lowest maximum root absorption, affinity and
flow rate of NH,", and 5 °C had the lowest flow rate of NO;". The maximum root absorption rate of NO;
and NH;" was maximum at 25 “C and 20 °C, respectively; the affinity of NO;™ and NH," reached the maxi-
mum value at 25 °C and 15 °C, respectively; and the flow rates of NO;~ and NH," in roots was highest at
25 °C and 15 °C, respectively. The ... values and « values of NO;™ and NH." increased with the increase
in the ratio of nitrate nitrogen to ammonium nitrogen. When the ratio was 3: 1, the total nitrogen content
of the roots was the highest, suggesting this ratio was favorable for nitrogen absorption. In the sand cul-
ture experiment, the nitrogen use efficiency as well as the biomass and N uptake were all highest in the
treatment with 3: 1 ratio of nitrate nitrogen to ammonium nitrogen. [ Conclusion ] R. roxburghii has nitrate
preference, and the maximum root absorption, the affinity and the flow rate of NO;™ are always larger than
those of the NH.". Changes in nitrogen concentration and temperature do not affect the priority in absorp-
tion of NO;™. The maximum absorption of nitrogen occurs under the temperature of 20-25 “C. The bio-
mass, N uptake, and thus the nitrogen use efficiency can be further improved with the ratio of NO;—N:
NH,'=N of 3: 1.
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Table 1 The kinetic parameters of NO;™ or NH," absorption in roots of R. roxburghii seedling under

different ion concentrations

B8 0 NO W31 58 NO- absorpion kinetic paramete NHCA 53 11 58 N absorption kinetic parameter

s s

concentration/ L./ K./ af Lo/ K./ af

(mmol - L) (pmol-g”'+h™) (pmol - L") (1/K.+107) (pmol-g”'+h™) (pmol - L") (1u/K.+107)
0.05 3.08+0.39 g(a) 115.65£17.22 g(a)  26.680.66 e(a) 1.84+0.45 e(b) 115.68+37.46 f(a)  16.22+1.29 d(b)
0.10 5.13+0.14 f(a) 155.73+4.68 f(b) 32.95+0.73 d(a) 3.1120.51 e(h) 177.48+44.92 e(a)  17.81+1.82.d(b)
0.20 6.73+0.55 e(a) 271.17+28.98 e(b)  24.89+0.83 f(a) 4.48+0.70 e(h) 371.52+57.52d(a)  12.07£0.92 e(b)
0.40 11.61+0.31 d(a) 329.76x10.94 d(b)  35.21£1.02 c(a) 9.74+0.59 d(b) 360.51£61.61 d(a)  27.37£3.05 bh(b)
0.80 24.86+0.36 c(a) 585.16x15.43 ¢(b)  41.86+0.97 a(a)  20.48+1.32 ¢(b) 614.18+65.98 c(a)  33.63x1.87 a(b)
1.60 63.84£0.84 b(a)  1656.94+25.82h(h)  38.53+0.32h(a)  48.32+4.16 h(b)  2050.55+221.51 b(a) 23.60+0.53 ¢(b)
2.00 88.76£0.90 a(a)  3433.23:51.18 a(b)  25.86x0.20 ef(a)  63.31x3.81a(bh)  3602.96+237.48 a(a) 17.58+0.14 d(b)

T« [ —F R TR NOS A NHL RSl )1 2 28000 20 T HURR T S AR 22 IS8, R [Rl/INE TR IRTE P < 0.05 225 .35 il —A7 Pl
B 12 RO SRR T THRYSG 155 AR T B 2R W) — sl 112 280 P < 0.05 225+ 3% . T I,

Note: The multiple comparisons of NO;™ and NH," uptake kinetic parameters in the same column were done using the Duncan test, with different

small letters representing significance at P <0.05; the same concentration in a row in the NOs or NH," uptake kinetic parameters were compared with

T test, different small letters in the parentheses indicate the significant difference in the same absorption kinetic parameters at P <0.05. The same be-

low.



686 ®OOW

N 34

T B B A B NOSFI NH, e R 10 1o S BTG
IR RS S E SR NOS I NHL A B
#B4 0.8 mmol - LB}, NO, Al NH, 7EAR 28 P (1 37 3 4
FARR K, 47 0.042 F10.034, 18] NO, F1 NH, H 25
TR R S SRR AS I AEAR R P i B B

22 AEHBRELLEHTRERZANO, NHS K
BENRKEN HFESH

2.2.1 NO;Fo NH, 498K 3h /1 5 S B R A BOKhg £
F AnER2 FoR , B B IR P g L g, ]
AR R NOy 1 5 KM 3 4 T 1 K A e 120
B NOs 1 e RIRSGH 5 K, 2 316.79 pumol g7 +h,
55 HC A Ak B ) 1 25 55 3 8 3 K OF (P<0.05) , 3K —
S5 T FLUCUE B NOS™ (1) 82 2 52 Wil I AR 22 X6 L i
BRI/ MW EZ A 7, MR EIR A AT,

A NOS 1) H B34 R 5 I BUAR 2206 NOs i I i s
R EWER ., EXNOHYEM I FNO, ER R
(R D AR S 1 11 R0 32 1 Feok, TN [l il L
ARFA], 3 AW B ) 2E S A 25 S ik B B 2K
(P<0.05), F2i08xN, FESEFN THIRADELL
B NHL 5 AR 206 NOS Y 35 A0 FTNO, 7EAR &
BRI T 5, X P RE -5 AR AR W — 5 A NHL AR
FRAH L PR 1) 1 0 FR A A R AR AT G . R 2 A
%, BLSE AR AR 2R 6 NHL 8 e R IR IS0 R Bt 35 i
B Ll B 3 TN, (H 5 NHL 955 FJ7 R NHL FEAR
HF AR I S 0 i i L R R R R . FE A L
0: 1 BYALFEFp | T B ML 22 %F NH, " (1) 55 R Wi 5ok % ik
FHR K, 5 NH R AU 85055 , NHL TR 2 0 A itk
W/ YR LB R F 30 LI AR R 5 NH

F2 AEFHEREEGTRIZELESRRITNO, NH R Z HESEH
Table 2 NO;, NH," and total nitrogen absorption kinetic parameters in the roots of R. roxburghii seedling under
different ratios of NO;™ to NH,"

NO, WA i3 J1 27 28

NH, W) 8l 17228

SAEWA ) 12 SR

T4 NOs™ absorption kinetic parameter NH." absorption kinetic parameter Total nitrogen absorption kinetic parameter
NOs":NHy" 1,/ K./ af L./ K./ af L./ K./ af
(pmol-g™+h™) (wmol - L") (Io/K+107)  (pmol-g™'+h™) (pwmol-L™") (l/Kos107)  (mol-g'+h™) (umol-L7")  (L../K.-107)
0:1 - - - 105.72+ 12 380.11+ 8.54+ 105.72+ 12380.11+  8.54+
5.62 a (b) 12750l a(a) 0.53c¢ (b) 5.62e 1275.01b  0.53e
1:3 57.67+ 4970.75+ 11.68+ 79.29+ 5420.52+ 14.63+ 128.55+ 1047557+ 1227+
4.38 d (b) 675.02b(a) 0.79d (b) 5.60 b (a) 750.82b(a) 1.23b(a) 542d 61723 ¢  0.34d
1:1 70.46+ 313043+ 22.61+ 64.16+ 4 885.11+ 13.13+ 150.95+ 7930.01= 19.04+
5.00 ¢ (a) 345.01d(b) 1.45c(a) 5.00 ¢ (b) 504.50b (a) 0.37 b (b) 5.10 ¢ 920.10d  0.69 ¢
3:1 149.56+ 3 680.83+ 40.67+ 59.47+ 3050+ 19.50+ 379.13+ 15651.31x 2537+
2.85b (a) 556.86c(a) 1.13a(a) 9.09 ¢ (b) 340.62 ¢ (b) 2.50a(b) 377 a 433.76a  0.75b
1:0 316.79+ 10 116.59+ 3131+ - - - 316.79+ 10 116.59+ 31.31x
7.80 a (a) 14348 a(b) 0.51b (a) 7.80 b 143.48c¢ 0.51a

(SRR T it , NHL7EAR 2 P B st e bR
TEHLA AN RS B L R RS AR R X NOy™
A NHL W0 22 5 01 5 TR A LU 1 DL Bl 25
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B3R T 3 M5 LA E AT NOS 1Y S5 A0 )t L Bl
25 NH i Ab B v, 2 3 22 5536 31 8 KO (P<
0.05) . AL L 1:3 B, AR Z %5 NOs Y Fie R M ik %
FINOS FEHR Z H B 3 b NHLAIR, {55 NO,FI NHL!
FISER NS AN . WEE 113 1R R AR
X NO,™ B Fi K W IS 20T NOS 78 MR 2 9 3 e
NH. & (H A8 L 12 1R R 5 NOy Y S5 f1 Ay L

NH. 1, A 8% e 30 1 AL BRAY MR 2R 5 NOS RS2 LS
b NH 1

222 RREEEIEMT &R PO N F 5 A
BRI 27 MR 2R ERABAMESA
TSR 3 b B SR S0 A P AR R X A ALY
e RIS | AR AR T 1 I R i e L T 3
TR AR RS BE R A W DR 11
A PR . Bl L 120 A0 PR Y A SR B R WS R AT
T B ol 301 AL B, S R0 AR P A O T A
P, FERSEEEE 00 1 B9AbFE A | B R0 d5e KM e R
LA AEAR R P A I /N R R 5 RSB A
FIVIAAEE 31 AR R IR/, FE T AR B TE] 34N B
R ) T2 S50 22 5 358 B3 KF- (P<0.05) o
FH LG P D] SR A it FH AR 2 RO B i/ i B S
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Fig. 1 The maximum absorption rates with NO; and NH,"

of R. roxburghii seedling roots under different temperatures
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Fig. 2 The Michaelis constant with NO;"and NH." in the roots
of R. roxburghii seedlings under different temperatures
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Fig. 3 The inflow rates of NO; and NH," in the roots of

R. roxburghii seedlings under different temperatures
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Table 3 The biomass, nitrogen uptake amount and nitrogen use efficiency in the roots of R. roxburghii seedlings under
different ratios of NO;™ to NH,*

A7/} bty R REF A
AR Dry mass of biomass/(g - plant™) N absorption amount/(mg - plant™) N use efficiency/(g-mg™)
NOSNHS Wi RR W WER R ik WL WA ik

Shoot Root Plant Shoot Root Plant Shoot Root Plant
0:1 0.92+0.02e 0.45+0.01d 1.37+0.01e 19.95+0.39d 6.22+0.15¢ 26.68+0.62d 0.047+0.001 d 0.073+0.003 d 0.052+0.001 d
1:3 1.26+0.05d  0.55+£0.02 ¢ 1.81£0.07d 25.58+1.67¢ 6.68£0.45¢ 33.41x1.88c¢ 0.050+0.002 ¢ 0.082+0.005 ¢ 0.055+0.001 d
1:1 1.78+0.03 ¢ 0.89+0.09b 2.67+0.11 ¢  31.55+0.74b 10.49+£1.08b 42.14£1.25b 0.058+0.002b 0.089+0.006 be 0.064+0.002 ¢
3:1 2.84+0.17a 1.83+0.03a 4.67+0.18a 44.78+3.79a 18.00£0.92a 63.48+4.59a 0.065+0.002 a 0.104+0.005 a 0.074+0.002 a
1:0 2.11+0.23 b 0.90£0.04 b 3.00+0.27 b  34.84+3.20b 9.74£0.59b 43.32+3.98 b  0.060+0.002 b 0.095+0.005 b 0.069+0.003 b

TE: ZHEICESR AT E W ZENE ARG PR TE P <0.05 25 B34

Note: Statistical multiple comparison according to the Duncan test, the different small letters indicated significant difference at P < 0.05.
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Fig. 4 The growth and development of R. roxburghii seedlings under different ratios of NO; to NH.*
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