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Characteristics of absorption, distribution and utilization of "C and "N
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Abstract: [Objective]Carbon and nitrogen metabolisms play a very important role in plant life activi-
ties. Carbon and nitrogen metabolisms interact with and restrict each other. Carbon metabolism pro-
vides carbon source and energy for nitrogen metabolism, while nitrogen metabolism contributes to the
synthesis of photosynthetic pigments and proteins including enzymes crucial for carbon metabolism.
Both metabolisms need common carbon skeleton, ATP and reducing power. N fertilization not only pro-
motes growth and biomass production, but also results in alterations in the allocation of resources and in
plant morphology. Regulation of photosynthetic carbon metabolism is central for plant growth and de-

velopment. The dynamic changes in carbon and nitrogen in plants directly affect the formation and
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transportation of photosynthetic products and the absorption and utilization of mineral elements. Carbon
and nitrogen isotope tracing technique is an effective means to study the partitioning of the photosyn-
thetic products and nitrogen nutrition. In recent years, stable carbon and nitrogen isotope tracing tech-
niques have been applied to the study of the fate of photosynthetic products and the absorption, trans-
port and distribution characteristics of nitrogen. This experiment focused on (1) “C abundance, content
and distribution rate, (2) Ndff%, "N content, distribution rate, and utilization ratio and (3) the correla-
tion among the indexes of young grape plants at different sampling times, and explored the changes in
carbon and nitrogen uptake, distribution and utilization in different organs at different time after ammo-
nium nitrogen application. [Methods]In this study, we applied 300 mg (*NH,).SO, to two- year-old
grape (Vitis vinifera L. ‘Red Globe”) young plants, labeled “C at 15 d, 30 d, 45 d and 160 d after nitro-
gen application and sampled at 72 h after "C labeling. [Results]1The biomass of new organs (new roots,
leaves and new branches) increased significantly with time. At 45 d, the new root biomass increased by
410.34% and 60.87% at 15 and 30 d, respectively, and the biomass of new branches by 397.22% at 160
d compared with 45 d. The biomass of roots and old shoots did not change significantly from day 15 to
day 45, but increased significantly by 160 d. The "C abundance in the new roots, leaves and new shoots
was significantly higher than in the old roots and old shoots, with the new roots having the highest abun-
dance. The content of “C in the new root was the highest at 15 days after nitrogen application, followed
by the leaves. Leaves had the highest content from 30 d. The carbon content in the new branch and old
root had increased significantly by 160 d. The "C allocated to the new roots and leaves was high, "C al-
located to the new roots being 1.37 times that to the leaves at 15 days after nitrogen application. From
30 to 160 days, “C allocated to the leaves was 18.04% to 104.97% higher than to the new roots. The dis-
tribution rate in the new roots and old roots had increased significantly by 160 d. After application of ni-
trogen, the Ndff of each organ reached the maximum at 45 d. Nitrogen recruitment in the new organs
was significantly higher than in the old branches and in the old roots, and the new roots had the highest
nitrogen recruitment. After nitrogen application, the amount of nitrogen in the leaves was the highest
throughout the experiment. The amount of nitrogen in the new roots increased significantly in the early
stage. By day 30 and day 45 it had increased by 9.48 times and 1.17 times compared with the previous
sampling day, respectively. The nitrogen content in the new branches at 160 d had increased by 19.80
times compared with that at 45 d. The distribution rate of nitrogen applied in the leaves was significant-
ly higher than in the other organs. The distribution rate in the new roots increased first, reached the high-
est at 45 d, and then decreased. There was no significant difference in the distribution rate compared
with the new branches, in which it had increased significantly by 160 d and was 8.30 times higher than
that at 45 d. During day 15-30, the leaf nitrogen utilization rate was the highest, followed by the root
system. The nitrogen utilization rate in all organs except for the new branch reached the highest values
at 45 d. The utilization rate in the new branch had increased significantly by 80.13% by 160 d. There
was significant positive correlations between grape biomass and "C content (+=0.578%*) and "N con-
tent (r=0.657**), between “C content and "N content (=0.708**), and between the “C allocation rate
and the "N distribution rate (7=0.501*%*). [Conclusion] Nitrogen application promotes the absorption
and distribution of carbon nutrients in the new organs, as well as the absorption, distribution and utiliza-
tion of nitrogen nutrients. The distribution of carbon and nitrogen in plants is mutually influenced and
mutually restrictive. The carbon-nitrogen cycle is also an interactive and coupled process.

Key words: Grape (Vitis vinifera L.); Ammonium nitrogen (NH,-N); “C; "N; Absorption and distribu-

tion; Utilization rate
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Table 1 The abundance of “C in different organs at different days after applying N o,

BFIA] Time/d M Leaves ki New branches ¥ Old branches iR New roots Z R Old roots
15 1.153+0.011 BB 1.134+0.009 CB 1.087+0.012 Db 1.200+0.012 AA 1.080+0.004 DB
30 1.120+0.009 AC 1.114+0.008 AC 1.085+0.004 Bb 1.116+£0.009 AB 1.083+0.004 BB
45 1.126+0.014 AC 1.1114+0.009 BC 1.095+0.009 Cb 1.139+0.009 AB 1.089+0.006 CB
160 1.211+£0.008 ABA 1.186+0.012 BA 1.116+£0.011 Da 1.235+0.029 AA 1.150+0.007 CA

T+ T A BRI 7 BER I [F] I T) AN (5] 4 8 18] A 6 35k, J T — A B s [ — 3 B S RIS () 8 35 5 RS R R 2 R R

(p<0.0D,/NFFERRERFEE(p<0.05. N,

Notes: One or two letters in front indicate the significance between different organs at the same time, and the subscript letters indicate the signifi-

cance of the same organ at different times. One or two last letters at the back indicate that the difference is extremely significant(p < 0.01), lowercase

letters indicate significant difference (p < 0.05). The same below.

®2 HRABRTREEERE "C AEMOEE
Table 2 The content and distribution ratio of “C in different organs at different days after applying N

B "CH & "C content/mg BC /B % "C distribution ratio/%

Organs 15d 30d 45d 160 d 15d 30d 45d 160 d

s 12.064+0.153 28.539+0.946 36.815+1.305 166.402+0.659  0.109+0.004  0.619+0.007 0.373+£0.005 0.311+0.006
Leaves BD AC AB AA BD AA AB AC

A 4.735+£0.278  2.800+0.027 6.672+0.126 106.696+2.730  0.043+0.001 0.054+0.001 0.068+0.002 0.200+£0.004
New branches DBC DC EB CA DD EC EB CA

ERs 9.634+0.545  5.655+0.207 14.936+0.182 42.373+1.837 0.088+0.003 0.109+0.008 0.151+0.010 0.079+0.000
Old branches CcC CD CB EA CcC CB CA EC

AR 28.544+1.182 17.911+0.866 31.161+0.068 131.641+3.253 0.258+0.007  0.302+0.004 0.316£0.012 0.246+0.001
New roots AB BC BB BA AB BA BA BB

AR 0.396+0.012  3.667+0.255 9.007+0.487 87.446+4.508 0.004+0.000  0.071£0.008 0.091+0.002 0.164+0.007
0Old roots EC DC DB DA ED DC DB DA
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Table 3 The Ndff in different organs at different days after applying N

%

i} 1] Time/d ™ Leaves # ki New branches ¥ Old branches HIR New roots ZHR 0ld roots
15 0.148+0.006 CB 0.189+0.004 BB 0.062+0.006 EC 0.278+0.006 AB 0.089+0.002 DC
30 0.153+0.005 BB 0.159+0.007 BC 0.068+0.003 DC 0.279+0.011 AB 0.113+0.005 CB
45 0.251+0.003 BA 0.259+0.002 BA 0.155+0.006 DA 0.391+0.007 AA 0.177+0.004 CA

160 0.112+0.004 AC 0.113+0.003 AD 0.087+0.007 BB 0.115+£0.012 AC 0.084+0.005 BC
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Table 4 The content and distribution ratio of N in different organs after applying N
. SCHE PCOrRLE
W "C content/mg "C distribution ratio/%
Organs
15d 30d 45d 160 d 15d 30d 45d 160 d
s 54.359+1.680 61.818+0.859 103.933+£2.707 329.568+5.206 44.647+0.402 39.921+0.624 45.347+1.037 64.322+1.018
Leaves AD AC AB AA AB AC AB AA
B 0.662+0.009 0.938+0.016 1.334+0.115 27.744+1.043 0.543+0.011  0.606+0.005 0.5824+0.008 5.415+0.102
New branches EB DB EB DA EB DB EB DA
X5 39.591+0916 37.121+1.198  39.951+1.209 44.455+0.939 32.51740.516 23.972+0.224 17.431+0.542 8.676+0.593
Old branches BB BC CB CA BA BB CC CD
BrR 2.708+0.196  28.389+1.159  61.723+0.931  90.477+1.098  2.224+0.064  18.333+1.200 26.931+0.712 17.658+1.124
New roots DD CC BB BA DC CB BA BB
ZAR 24.434+0.908 26.584+0.860  22.253+0.435 20.128+0.973 20.068+0.862 17.168+0.685  9.709+0.330 3.928+0.328
Old roots CB CA DC ED CA CB DC ED
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Table 5 The corrections between “C and “N

R CaR CHREH N NI
Biomass "“C content "C distribution ratio "N content "N distribution ratio
L) & Biomass 1
“C % °C content 0.578%** 1
PC /3Bt & C distribution ratio 0.194 0.354%%* 1
"N "N content 0.675%* 0.708%* 0.400** 1
"N 4 Ht % °N distribution ratio 0.580%* 0.301* 0.501** 0.783%%* 1

E 4 RORAE 0.01 KGR _E 88 25 AH G 5 *3RORAE 0.05 ZK-F CRUID L 3254 5%

Note: ** indicates significant corrections on the bilateral level at 0.01, * indicates significant corrections on the bilateral level at 0.05.

160 d B 32 25 14 0, B9 A 3 ok &R 26 40 T 3008 2F 2%
B B 5 B A B o EC RGN, 2 W R i
IKACE WDBAIEE RS A R 25 B K O O JE 7,
AR R AR I, B B KB ER 10~12 F
B 3R N B R A 4, B 22 4F A SR DRI I ek S
TR F ORI M R N E .

Jit U5 15 d B, BAR PC B &R0 4y e 26 35 i T
Ao HAPCamE & M 1376%,30d )5, 1
R PCE R B E & THR: ikih"Cc®
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I PC F 8R4 FL 4 I 45 d 390 T 14.99 F11.84
L AR R e B M IR B m T
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FRAE 45 d Ik 3 sy, B R IR B 8R4 TC T Y
WA AR, B 160 d I I & 8R4 Bl % 4y
AL 45 d ETF T 19.80 F18.30 f5. 15~30 d, 160 d I}
R IR 2 i m, iR R IR 545 d B, AR R AU
I 20 = Tk, &8 E (BT R A0 ZUIE R 2
kB, 160 AR RCR R B2 B A, AT
80.13%. 160 d N, It 38 s AT AR 558 AF 48 B 4
JE& &2 9 ETF2.17.19.80 A1 0.47 £, A AT AL
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