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W E: 4T MK E (Avena sativa) HAEREK A EAR A TR PR Z FH 0 C NP AERAAFITE
FRAAHATNE RN FELEFTEHHEEZCNP TESCEREIMF T BN EMNE, VL AENFFRARHE
PRIE, HERW . KX A% C NP AELF N 322.30~333.97,17.42~75.62.2.74~5.42 mg - g ', Z # C NP
S B A 298.42~317.92 11.47~73.71 .2.82~3.42 mg - g, B EZ Z C N.P & &4 5 ¥ 311.25~338.86.10.15 ~
75.16.2.44~5.06 mg + ¢, L7 C NP & &2 4 4 330. 80~372.47\30.64~113.80\2.59~8.65 mg - g & B
C.N PAE%%iJ%mﬁé WA HEABECNPAENREALARAA —EFVRECEERELRT A
FEBEERN, ZFABRENREE, MNP AENREASRZETHMP RN, HAERT -~ MENYEE
FAEH AR, HELBEEC:NC: PFN:P 4HFH 4 4.42~24.44 70.72~124.56 51 6.56~17.28 , E# C : N,
C:PETFLH~AAL AT TRTH ~ RN P UMEHER,

KW EL,CNPAE AANMFHES, L TR, 2 RAL

FE %S .9512.6;5153.6"1 MHEARER A

C, N and P stoichiometry characteristics of oat cultivars
in eastern agricultural area of Qinghai Province

WU Hao"?, ZHANG Yan®, JIA Zhifeng’, HE Keyan’, WANG Jiahao’, WEI Xiaoxing’
(1. Qinghai Science and Technology Development Service Center, Xining, Qinghai 810000, China;

2. The Academy of Animal and Veterinary Science, Qinghai University , Qinghai Key Laboraiory of Excellent
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Abstract; Four introduced oats ( Avena sativa) were used as representatives in this study to determine the C,
N, and P contents and their stoichiometric characteristics in roots, stems, and leaves as well as the changes in C,
N, and P elemental contents of oats and their stoichiometric ratios at different fertility periods. The study would pro-
vide some theoretical basis for scientific harvesting of oat forage. The results showed that the C, N and P contents of
whole oat plant were 322.30~333.97, 17.42~75.62 and 2.74~5.42 mg - g~', respectively. The contents of C, N
and P in oat root were 298.42~317.92, 11.47~73.71 and 2.82~3.42 mg - g™, respectively. The contents of C, N
and P in oat stem were 311.25~338.86, 10.15~75.16 and 2.44~5.06 mg + g, respectively. The contents of C,
N and P in oat leaves were 330.80~372.47, 30.64~113.80 and 2.59~8.65 mg + g™, respectively. The contents of
C, N and P in each organ were leaf > stem > root. In addition, the accumulation process of C, N and P content in
oat organs had certain seasonal characteristics. The accumulation process of C content was less affected by growth
period and showed strong stability, while the accumulation process of N and P content was more affected by growth

period, and it was higher in jointing stage to heading stage than in flowering stage to milk ripe stage. The C : N, C
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: P and N : P of oat organs were 4.42~24.44 | 70.72~124.56 and 6.56~17.28, respectively. The C : N and C :

P of oat organs from flowering to milking stage were higher than those from jointing stage to heading stage. N : P

was the opposite.

Keywords: oats; C, N and P contents; stoichiometry; growth stage; distribution rule
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1.1 Gt

RIS A T 4 BB BB T Te4 (37°04739”
N,101°55'12"E) ,#4k N 3 146 m, ZHbJE T HE R
KEERIS A, AR 2SR 3.4°C , AR 7K i 600 mm,
AEHZE R 1 235.6 mm, JCFRI 110 d, 4F H &R 5L
2521.7 h, EHERAIN LG+ FLA TN pH
8.12, 2% (N)1.44 ¢ - kg'', &Wi(P,0,)1.33 g -
kg™ BRARA 91.35 mg - kg™, L@ 2.16 mg « kg™,
AT 33.95 g - kg™',
1.2 Rmeigit

AL MR SRR IR E Ih 4 45l
FhaHEAz S AR VE 00 M4 B 25 5 PN T T SRR AE
JIT 3 dt A 4 p P R B R 2R AL . SR 1N
B /N BEHLIXZHHES 3 B E , /NX AN 50 m?
(5 mx10 m) . #&HEIHb AP #0040, F 2017 4F 6 H
WIFEF, N T 44% &R 3~4 cm, 171 30 cm,
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Pt ) ;A E A TRRE 2 1K,
1.3 MEHERSFHE

SRAEINT[R] by 45 o R e 22 45759 199 il A IR 4B
WL SRFERT, 7245 /N X A BE LR 5 0.15
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B E T 65C U T EHE 5, #HiFid 0.45 mm
i, R PR TR A 25 B T Ak 5 i, LG
LM AR SR, BT kil a5
1.4 #iEatiE
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0.05) ; MBI C %/ (372.47 mg - g7 ) W&
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different growth periods of the same organ( P<0.05). Different lower-
case letters indicate significant differences between different organs in
the same growth period ( P<0.05) , the same as below.
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Fig.1 Carbon content of plants and organs of oats

at different growth stages
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113.80 mg - ¢, AN[FIZRE ] HLER, 4575 1A ~ dh
N SRR > ZE >4 FF AR ~ ZLAA R B it
SHESZE BRI AN AR A H R N & &
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MR, H A A ZL A i P i B AR
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Fig.2 Nitrogen content in plants and organs
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of oat at different growth stages
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Wk B 5 KB, 430k 24.44 27.88 33.52.11.91, H.
TR ~ LU bk 448 E C - N SR 2R T
T ~ Y (P<0.05) , 2% 4% B W] LB =, 407
WM €+ N B E & T2E M (P<0.05) , IR ~ 2L
HHZE €+ N W& & TAR i (P<0.05)

HEE MR RS IEE C 2 P HBEA: & W28k
FEELSE(E 5) . R C P 7EFLEY A 3 o1,
N 112.89, 3 i T (P<0.05) 5 e Bk 25 it
C: P Y78 546 W1 35 3 & KAE, 439 124.56
139.55 .134.17, HFFAE ] ~ 2L ZE of C - P ¥
FE TP ~ AR (P<0.05) & E ] AL
M, ~ R MR € P B3R T25 0 (P<
0.05) , FFAEHIR C = N B Z{K T 25 1 (P<0.05)

HEH MR LA AYE N« P EFEAE T 0 28 f 8
AR (K 6), 2tk MR ZE N P ITEH
TSR B KA, 439 °h 17.28 21.74 14.86 .15.24,
PR ~ R, R AR ZEN P BERT
THAEW ~ FL2JH (P<0.05) ;1 N« P 7EfREL 2 2%

40

Aa
wrh
30 F R
Z
.20
&} Ac
10 - Ca
0 ‘ - N o1 2
A il 78 JF4E L
Joint stage Heading stage Flowering stage Milk stage
A F Wi Grwoth stage
[ 148 Root = Stem Bl Leaf BB 4tk Plant
B4 #HEAREBHBLEMEREC: N
Fig.4 C: N of plants and organs of oat at
different growth stages
180
150 A2 Aa
Ca BCb|
AT i A AR L 2
Joint stage Heading stage Flowering stage Milk stage
. H ¥ Grwoth stage
[ J# Root V2 25 Stem Bl Leaf BB 41k Plant

Bs5 HEAREBMPALKMEREC: P
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different growth stages
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Table 1 ~ Correlation between C, N, P contents and stoichiometric ratio of oat roots at different growth stages
] et ¥ Root £ Stem M Leaf
Grwoth stage Index c:N  c:P N:P C:N  C:P  N:P C:N  C:P  N:P
B C -0.667 0.150 0.539 0.472 0.631 0.130 0.428 0.490 0.550
. .Tj/ N -0.967" " 0.302 0.793 " -0.961" " -0.261 0.611 -0.490 0.640 0.737
Jointing stage ) .
P 0.221 -0.940" " -0.640 -0.342 -0.940" " -0.629 0.600 -0.520 -0.727
B C -0.097 0.727 0.622 0.877** 0.913** 0.121 0.171 0.847" 0.715
I. - N -0.939" " 0.226 0.727 -0.791" -0.617 0.517 -0.846 " 0.031 0.795 "
Heading stage . . )
P -0.006 -0.961"* -0.790" -0.778" -0.859* -0.198 -0.547 -0.939"* -0.475
T2 C 0.482 0.716 -0.093 0.649 0.453 -0.134 0.298 0.902**  0.014
,.f i’ N -0.821" 0.455 0.815" -0.824" 0.133 0.737 -0.949** 0.013 0.981" "
Flowering stage X
P 0.268 -0.094 -0.639 0.264 -0.854* -0.831 0.108 -0.581 -0.256
AL C 0.501 0.943**  0.063 0.627 0.790*  -0.295 -0.048 0.753 0.408
M?ilkm;gage N -0.868" 0.187 0.985** -0.870" -0.517 0.846 " -0915** 0.511 0.945**
o P 0.282 -0.670 -0.701 -0.385 -0.495 -0.067 0.215 -0.756" -0.591

T R P<0.05, # # FoR P<0.01, R,

Note: #* indicates P<0.05, * * indicates P<0.01, the same as below.

K2 MEARLEBERYAREE C NP FEZEPHEXMHE

Table 2 Correlation between C, N, and P contents in various

RIMEFFAEEFNPRB[EAFITE L Z EHEEME
Table 3 Correlation between stoichiometric ratios of

organs of oat at different growth stages various organs in oat at different growth stages

A FerT MR Root Z& Stem M Leaf P sobi 2 Root 2 Srem I Leaf
Growth stage  Index N p N p N p Growth stgae  Index .p N:Pp C:P N:P C:P N:P
E i C  0818° 0.190 -0.229 -0.331 0.578 0.487 P C:N -042-0865" 0441 -0480 -0.185-0.756"
Jointing stage N -0.450 0.227 -0.730 Jointing stage  C : P 0.814* 0.571 0783
bRy C 0420 -0.516 -0.404 -0.578 0.379 -0.623 JhEHA C:N 004 -0579 0936 * -0.178 0471 -0418
Heading stage N -0.155 0.736 0.154 Heading stage  C : P 0.810* 0.177 0.604
biviali| C 0.097 0336 -0.108 0.076 -0.010 -0.173 FAE) C:N 0115 -0774 0119 -0666 0299 -0901"*
Flowering stage N -0.077 -0.237 -0.063 Flowering stage C : P 0.533 0.660 0.118
S C -0.012 -0.387 -0.163 0.139 0432 -0.141 ] C:N 0307 -0813" 0794 -0.821* -0202-0.842"
Milk stage N -0.568 0.589 -0.279 Milk stage C:P 0.296 -0.312 0.687
HE 5 R CV<0.1 R85 ,0.1<CV<1.0 Hy s 3 W B
> )
AR5 CV=1.0 JaRAE S N 4 AT RLE K
M AR C NP Al 322,30, 31 WMEAREBFTHHEREC NP RAETN

FHIE

RIPIAS o B OB AL TR o 1 iR A2 45 AN AT
BEE A= R O B AR AL, R 23 F 4 B A% B R DI RESK
O3 WE G IR 2 VXU, A% E A SR o 0 A AT AR 22
SO0 RRRTE R B, B AR, e A
WEZBFRF A E 2R, C N P & & SRR
MESZESH, FEE K R BB R AW

72.19 542 mg - g ',C: N.C: P N: P H{HSH N
5.35.70.72 .13.41, %55 br A8 5 RE/NF 0.1, )8
F 548 5 s AR K C N P S RIE SN
331.98.75.62 454 mg - g ,C: N.C: P .N: P
PIE AR 4.42 75.48 17.28, &8 bR (0748 5 28K
BU/NT 0.1, )8 55748 5 FFAE ez fk C N P &

A5 N 333.97 1742 2.74 mg - ¢ ,C : N.C
: PN : P BI{ES 5k 24.44 124.56.6.56, Bk N
FAh, HARIEPR R S R BN T 0.1, )8 T 957
SRl A e bk C NP E B E YN
325.59.23.253.04 mg - g',C: N.C: P N: P
{E43 514 15.33.107.81.7.61, B N %M1 C : N 4,
HARTRIR B RBI/NT 0.1, )8 THLR

U i B 2 T, R i O A AR A
5, FEMLIS R R E TR C b i i A A A FH AR
FEN P MARSERR A AR R —E B SRy, T 2t
AMX C NP RS T2 R, A E IR
SO Y i R B g i A R
GrE R C N P AR b AR T
UpsAE I AR g — PR RCRE, i R SR S
A g T MRS SR ER R R R &
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x4 BEFFAESHEEHK C NP SEREUFEITERNEITFESH
Table 4  Statistical parameters of C, N, P content and stoichiometric ratio of oats

e 2% i PR g g omokn G e K
Growth stage Parameter Mean Slar.ldz.ird Range Minimum Maximum Skewness Kurtosis Coeffl'cu?nl
deviation of variation

C/(mg-g") 322.30 10.47 30.38 303.75 334.13 -0.84 0.31 0.03

N/(mg-g™") 72.19 4.06 12.29 66.55 78.85 0.27 -0.01 0.06

AT P/(mg - g_l ) 5.42 0.16 0.45 5.21 5.66 0.38 -0.92 0.03

Jointing stage C:N 5.35 0.39 1.25 4.72 5.97 -0.06 0.60 0.07

C:P 70.72 5.00 13.90 66.15 80.05 1.33 1.06 0.07

N:P 13.41 1.06 2.84 12.17 15.01 0.27 -1.19 0.08

C/(mg * g_] ) 331.98 11.76 36.45 310.94 347.39 -0.75 1.01 0.04

N/(mg - g_l ) 75.62 3.35 9.25 70.96 80.22 0.09 -1.21 0.04

Filipsil P/(mg - g’] ) 4.54 0.21 0.66 4.12 4.78 -1.33 2.37 0.05

Heading stage C:N 4.42 0.20 0.60 4.10 4.69 -0.24 -0.54 0.05

C:P 75.48 5.80 17.88 68.37 86.24 0.99 1.32 0.08

N:P 17.28 1.42 4.12 15.83 19.95 1.18 1.17 0.08

C/(mg-g™) 333.97 12.55 33.60 324.20 357.80 1.51 1.26 0.04

N/ (mg - g’l ) 17.42 2.47 6.22 13.90 20.12 -0.64 -1.34 0.14

JFAE P/(mg-g") 2.74 0.12 0.32 2.57 2.89 -0.01 -1.12 0.04

Flowering stage C:N 24.44 1.83 5.60 21.02 26.62 -1.01 1.39 0.08

C:P 124.56 8.53 25.19 115.64 140.83 1.19 1.68 0.07

N:P 6.56 1.08 2.69 5.00 7.69 -0.43 -1.63 0.16

C/(mg * g_] ) 325.59 14.33 39.53 306.47 346.01 0.43 -0.89 0.04

N/ (mg - g’l ) 23.25 2.82 8.27 17.81 26.08 -1.37 1.84 0.12

FLE P/(mg-g") 3.04 0.09 0.28 2.94 3.21 1.17 1.91 0.03

Milk stage C:N 15.33 1.76 4.86 13.65 18.51 1.07 0.50 0.11

C:P 107.81 7.40 21.20 95.79 116.99 -0.27 -0.30 0.07

N:P 7.61 0.99 3.20 5.82 9.02 -0.66 1.50 0.13

AR AR I R A2 AR, IR AR | 25 B 3R 2 o)
Bie, DA 3 B A K IR BE 1 AR Ak, B AT % oK
(Zea mays) fb2FT AR BIF T 2 B0, N34 77 10 21
FLANE RS E C N FHERI Y >ZESH X
AN G R —B M P R RO ZE S >
MR, IXATRE S K ZE 4 B WA RE 7 %5 U532 wi ok
TEREEA K,

A A PN 19 5 20 1l mT 3 Ry 5 R P ) o, B g
PEY AN R E P 5T, Herh C RS PE B, O
FIXERAE , SZRBE /N, N P 2 I REMEY) T, 2 3R
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