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Abstract; Studying the stoichiometric characteristics of carbon (C), nitrogen (N), and phosphorus (P) in plants of
different functional groups and their responses to micro-topographical variations in hilly and gully region of the Loess Plateau
of China will be beneficial in terms of understanding the adaptive strategies of plants to the hilly and gully environment. This

study involved an analysis in plants of different functional groups growing under different micro-topographical conditions,
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such as slope aspect and slope position, in a forest-steppe zone in the hilly and gully region of the Loess Plateau of China.
Specifically, we studied the stoichiometric characteristics of C, N, and P in leaf and root tissues of these plants and their
responses to micro-topographical conditions, including the concentrations of C, N, and P and the stoichiometric
characteristics of leaf and fine root tissue of plants in different functional groups. First, the results showed that the leaf total
N and P concentrations ( LN and LP, respectively), fine root total N concentration ( RN ), root total C concentration
(RC), leaf C:N, C.P, and NP ratios (LC/LN, LC/LP and LN/LP, respectively) , and fine root C;N and N.P ratios
(RC/RN and RN/RP, respectively) were significantly different at both the family and genus level (P < 0.05). In
contrast, the leaf total C concentration ( LC) , fine root total P concentration ( RP) , and root C ;P ratio (RC/RP) were not
significantly different at either the family or genus level (P > 0.05). Second, the ecological stoichiometric characteristics of
different plant genera had different responses to micro-topographical variations. The RC/RN ratio of plants in the Gramineae
was significantly different at sites with either a south or north aspect. However, the concentrations of C, N, and P and the
stoichiometric characteristics of leaf and fine root tissues of plants in the Gramineae, Leguminosae, and Asteraceae were not
significantly different at sites with either a south or north aspect. The fine root N concentrations of plants in the Leguminosae
were significantly different for plants at different slope positions (P < 0.05). The LN, LC, root total N concentration, LC/
LN, RC/RN of plants in the Asteraceae differed significantly at sites with different slope positions (P < 0.05). Third,
plants in different families and genera adapted to the environment by reacting differently to the concentrations of C, N, and
P and stoichiometric characteristics. Generally, plants in the Gramineae were mainly limited by N and P in the middle slope
positions, while they were limited by N on the other slope positions. Leguminous plants were mainly limited by P in the
upper and middle slope positions, whereas they were limited by N and P at Mao ( mountaintop) and lower slope position.
Asteraceae plants were mainly limited by N and P on the upper slopes, whereas they were limited by N on the other slope
positions. The stoichiometric characteristics of plants belonging to different families and genera showed significant differences
among different micro-topographical environments. This indicated that plants in different families and genera may be limited
by different nutrient elements in different micro-topographical environments, and that these plants adapted to variations in
the hilly and mountainous environment may have different adaptive strategies. Leguminous and Graminaceous plants had a
strong overall adaptability to the environment through the coordination of various traits that allowed them to adapt to the
environment. However, Asteraceae plants adapted to environmental changes by unique and individual traits, allowing them

to adapt to local conditions.
Key Words: hilly and gully region of the Loess Plateau; functional group; stoichiometry characteristic ; micro-topography
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170 d, %X AR BA + | AN, 20 5, K R RTEHTIR " BE N ARG I TE R B
WA, s JBE AT, IR XS SR A K gy B SR A AR O 52 e S0 R 7 ) i 2 R A5 A A
JRt SR 2 AR Ok Bl A5 R B K R R, % X AR R ) MR IR B R R O T D ik 1 B R P
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Table 1 Basic information of plots

FER G 258 K e 0| R
Site Latitude longitude Elevation/m Position Aspect Coenotype
1 36°50'59.9" 109°18'52.2" 1150 2 1 [12E5E Bothriochloa ischaemum
2 36°51'01.5"  109°16'50.5" 1221 2 2 B EEAKT Lespedeza davurica 2875 Artemisia giraldii
3 36°51'10.9" 109°18'17.5" 1306 1 4 RS HEAKT L davurica FE 2 Dracocephalum moldavica

H¥-H B. ischaemum N fa 5 Cleistogenes caespitosa

4 36°51'12.1"  109°1851.9" 1269 2 3 BEFFA% Avtemisia sacrorum

5 36°51'10.6"  109°18'45.3" 1284 3 3 BRFFE A. sacrorum

6 36°51'12.8"  109°18'45.9" 1290 3 2 HHEFAT B Cleistogenes Chinensis BXFF# A. sacrorum

7 36°51'26.8"  109°19'02.9" 1171 3 1 BRFFE A. sacrorum

g 360515577 109°2018.5" 1230 3 5 Elzzirz;ischaemumﬂ%ﬁ% A. sacrorum & A.giraldii 355 PR F
9 36°51'58.6"  109°20'18.7" 1251 3 3 Sjiig‘;ﬁ;”’ggggf;L*“;;‘;; L:;f/h BRI Awragalus

10 36051'58.0"  109°20'13.4" 1235 ) ! Iiﬂfyfﬂf ischaemum SKFTE A. sacrorum Z&38 A. giraldii K755 Stipa
11 36°5227.3"  109°19'53.6" 1234 1 4 Ii j{iﬁpﬁ‘fgﬁ;’l BERIBLT L. davurica FURFHEEL

12 36°52'13.5"  109°19'53.2" 1246 2 3 HAEH B, ischaemum

13 36°52'12.3"  109°20°00.5" 1228 3 2 F¥E B, ischaemum 355 IR F L. davurica

14 36°52'09.3"  109°20°01.1" 1187 3 1 KRG BB L davurica

15 36°45'07.8"  109°15'00.7" 1238 3 3 BKF# A, sacrorum SR Patrinia heterophylla

16 36°45'08.2"  109°15'00.2" 1219 3 2 BebF# A, sacrorum MG P. heterophylla

17 36°45'10.3"  109°15'00.2" 1203 3 1 5tk P. heterophylla

18 36°45'22.9"  109°15'08.2" 1213 2 1 HEH B, ischaemum

19 36°45'26.0"  109°15'05.0" 1254 2 2 FI2EHE B, ischaemum 357 A. giraldii

20 36°45'27.0"  109°15'05.7" 1254 1 4 KI5 S, bungeana FT/RZEMIENE H. altaicus

21 36°45'28.8"  109°15'02.1" 1266 2 3 BHTE A sacrorum 28 A. giraldii

el (Aspect) : 1 JeH [ No aspect; 2 F3E South; 3 BA% North;
Wi {7 (Slope Position) ;1 R Lower slope 2 F13 Middle slope 3 L3 Upper slope 4 5i Tl Mao slope

2 FERE5H

2.1 AFFBHEMYN C N P & it KL= HE AR 1 2 50

ARFHEHYIH C N P & M A E R AR R 27 (K 1), M N &, it P & R NS
B C &R, e/N,H C/P, i N/P LR C/N R N/P ZERHE K |25 5bE 8 3% (P<0.05) , Hoh SR N
I (27.62+1.98) g/kg, RAFHRIE(15.82 £0.57) g/kg; M P & EERAFHRAE(1.3120.09) g/kg, %5
B (1.8520.13) g/kg; ZAME N S AR (13.4120.62) g/kg, RAFHRAK (5.22+0.34) g/kg; RAFMR € &
AR (261,96 19.92) o/kg, SRR E (417.27+14.38) g/kg; M C/N RARHRE (30.00+1.13) g/kg, F FHR
R (18.21 +1.04) g/kg; M C/P RAFHRE (397.44% 31.48) g/kg; ™ N/P Rl (16.61£1.17) g/kg, 555
A% (12.40+1.31) g/kg; M C/N TRHREAK(31.98+1.63) g/kg; R N/P S RH i (18.09 +4.73) g/kg, Al LIFE
N F o RN O I N/P AR N/P GRHR E SRRR . RARHRAR . I C/N, it C/P fERA R, 4
FhkzZ , SRHRAR(E 1),
22 AFFRHEMEY) C NP & A E TR RE BRI i 251k

AFIRHEMY C N P it KA 2= T R E RO AR L R I R 22 5 (B 2 B R 22 5
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Fig.1 C, N, P content and stoichiometric ratio of different genera plants

AR R R 22 53 1 3 (P<0.05)

FZHIRHNE) . RARHE C/N 1M BHIE 2% % % (P<0.05) , C/N 1EBAY /N T MY S RHEYIR N & EEAR
[l 3 7 11 24 5 8. 2 ( P<0.05 ) , MR N 5 s 7E b1 Tt ey, T OARAIR %WE%% N &, 0 C & N &a, i
C/N AR C/N FEAS] 3 [ R4 1] 22 5 4 35 (P<0.05) , iy N5 57 5 05 ey 5 I C 73 B i TR I AR N
PR TR R 5 I C/N ZE 5T BRI AR C/N ZE 50 BURAIR . ARARHEYI N/P A e i (15.52+1.71)
HAbIE A NP AE/INT 14,78 RO R, HAE M (11.90+1.14) s ERMEY T N/P A8 W7 (B e i (18.72+
2.01) , Hk Ry By, A R (17.78+2.42) 78 FE(E M (15.23+3.10) , 78 b TUERAIG, B0 (15.13£2.25) ; 45
FEIT N/PABAE LA 5 (14.2424.10)  FE A A N/P AEY/INT 14, 78 N3 55 A%, HAE A (9.40+0.
71) .
2.3 KEMEY C NP i LA AT R RRIE A AR D

2 HGRHEY C N P & it B 2= AR A G, 2R 2 T LA, ORHE M N & A p
SREIEME(P<0.05), 5 C/N £W B FHFAE(P<0.01) ;1 C S 5K ¢ SRR C/N E7AHXE(P<
0.05) ;i N & 50t C/N 2 HAHE(P<0.05) ;48 C Fi 5 C/P LR IEAHE(P<0.05) ;7 C/N 54 C/N
R IEADE(P<0.01) ;1 C/P 5 N/P 24 I 2 IEAHE (P<0.01) 48 C/P 5 N/P 24 b 35 1EAH ¢

http ; //www.ecologica.cn



6 A % Ol 36 &
2
= 80 b
S| AR
g
S 60
¥z a
B S a
= 540
£ Z
£
5 20
o
g
£ 0
GiIE BHME Bk
g =
2 fg SR b g 30 R . 2 600 HiF
—~ B = = a
DE 16 b b S E 25 & E 500 a 2
g 14 25 . & a £ g ]
m\i S 12 g EF 20 S5 400
@ WS 15 5 300
B | 5 €% 200
=2 Bz s
B = & < 1
g 2 < 3 £ 100
) 3 0 50
THe bdE bB¥E W THe hdE bB¥E G — THe b B ST
=1
£ #it Y . HTH o, R
E=] 12 = a a =
%5 10 b o5t E E 60 a3 g
< g a & 8 50
28 8 a Fg of B2 4o b
< g = ‘E’
o 6 =c 15} B2 2
< g B 15} = 5
gE 4 T 10¢ EL
™ = 5] 8
=g 2 s 5t z 10
0 3 )
S 0
& TY h¥k B3 W Ty k¥ B3 ST TY by By i

B2 FAERE#EY CN.PESEREAFITELERMENTL

Fig.2 Changes of C, N, P content and its stoichiometric ratio of different genera plants along with the change of micro topography

(P<0.01),
&2 ERMEY C NP EERENFETTERENEXYE

Table 2 The correlation of C.N and P concentration and stoichiometry characteristics of leguminous plants
b BN ErEk O P AR U C AR RN AR P AR R C AR BEON RGP RN RON RGP RN/
Index LN Lp LC RN RP RC LC/LN  LC/LP  LN/LP  RC/RN  RC/RP RN/RP
N 1
PR 0.493* 1
W C i -0.124  -0.229 1
RN & 0.418  0.117  -0.057 1
R P Fr ik -0.117 -0.414  0.156 -0.249 1
e Eh -0.317  -0.542* 0256  0.334  0.275 1
it C/N — -0.460 — -0.494"  0.147 0.206 1
- c/p -0375  — — -0.120  0.405 0.507*  0.372 1
it N/P — — 0.191 0.256 0.258 0.264  -0.449 0.644"" 1
M C/N -0.603"" -0.481"  0.137 — 0.437 — 0.618** 0.436  -0.067 1
R C/p -0.022 0.379  -0.034 0.350 — — 0.011  -0.379 -0.364 -0.362 1
R N/P 0.065 0.397  -0.072 — — -0.116  -0.066 -0.401 -0.312 -0.447 0.989 " 1

* % P<0.01, =* R P<0.05;LN: M N & & Leaf nitrogen concentration; LP; P & Leaf phosphorus concentration; LC: H C & Leaf
carbon concentration; RN RN & & Root nitrogen concentration; RP: R P & & Root phosphorus concentration; RC . R C & & Root carbon
concentration; LC/LN: M C/N Leaf C:N ratios; LC/LP; ' C/P Leaf C P ratios; LN/LP; I N/P Leaf NP ratios; RC/RN; #& C/N Root C:N ratios;
RC/RP; #R C/P Root C;P ratios; RN/RP; #2 N/P Root NP ratios

3 ARARHEY C N P & LHAL R AR AU AR SCE . 36 3 AU ) ORARHEYI M N S5
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P S EAIR N &8 20 5 A E(P<0.01) ;i P S5 P SR C/N 85 E A IE(P<0.05) ;1R
N FaE5R C &8 BN EE EHKX(P<0.01) ;M P FE50 C/N 28 FIEHKE(P<0.05), 50 C/P Ft N/
P S EAHDC(P<0.01) ;1 C/N 5 C/P SR # IEAOC (P<0.01) ;7 C/P LA N/P S2AK I 3 1E AH
K (P<0.01) ;48 C/P S54R N/P 4k 52 1F A5 (P<0.01) .

®3 REMEY CN.PEERAEUFZITERHENBERYE

Table 3 The correlation of C_N and P concentration and stoichiometry characteristics of gramineous plants

EEL7 MNP R M C S RN S R P S RCEE HoN oP MHNPORON ROP NP
Index LN LP LC RN RP RC LC/LN  LC/LP  LN/LP RC/RN RC/RP  RN/RP
MN R 1

P 0.552** 1

mC i 0.254 0.108 1

HWN & 0.534**  0.042 0.150 1

WP EE -0.1499  -0.470* 0282  -0.169 1

& 0.225  -0.170 0.061 0.507 ** -0.029 1

" C/N — -0.437  — -0.184 0.485* -0.091 1

" /P -0.295  — — -0.056  0.631** -0.034  0.749"* 1

- N/P — — 0.006  0.117 0.543**  0.110  0.391 0.880*" 1

R C/N -0.203 -0.228 -0.089  — 0.057  — 0.057  0.009 0.021 1

R c/p 0.130 0235 -0.124 0213  — — -0.294 -0.317 -0.230  0.086 1

R N/P 0.165 0274 -0.131  — — 0.137 -0.323 -0.351 -0266 -0.134  0.934** 1

* % P<0.01, =0 P<0.05

%4 NHBHEY) C N P & N HAL AR AR e, R 4 mTRUE W, ZRHMEY T P& B FIR C
SR EDENME(P<0.05) ;4R C ZR5H C/P A N/P 2 B3 IFAHE(P<0.05) ;1 C/P 54 /N 2%
IEAHE(P<0.05) , 50 N/P 2% 8 2 1IEAHSC (P<0.01) 548 C/P 5 N/P S24% 3 1IE A (P<0.01) ,

=4

FREY C NP SERENF T ERFEMEXYE

Table 4 The correlation of C.N and P concentration and stoichiometry characteristics of asteraceae plants

EizE MENER M P EE M CERE MRNEGE RPERRCER HoN HoP MNPOMRON RCOP O WNP
Index LN LP LC RN RP RC LC/LN  LC/LP  LN/LP  RC/RN  RC/RP  RN/RP
N 1

P 0.178 1

mC AR -0.314  -0.398 1

WN EE 0.289 0.250  -0.193 1

WP 0.208  -0.184 0.126  -0.045 1

WCghE -0.068  -0.489*  0.211 0.193 0.018 1

" C/N — -0.353  — -0.275  -0.086 0.193 1

- c/P -0.165  — — -0.266 0.074 0.473*  0.334 1

" N/P — — 0.161  -0.223 0.127 0.429* —0.009 0.923*" 1

R C/N -0.229  -0.397 0.182  — 0.041  — 0.245 0.427*  0.396 1

/P -0.127 0.081 -0.216 0.049 — — -0.055 -0.110 -0.118  -0.099 1

R N/P -0.061 0.126  -0.189  — — -0.132  -0.088 -0.170 -0.166 -0.257 0.981°* 1

* % P<0.01, =03 P<0.05

5 oMY C N P Fri RHARA R RHE A, RS TTUEH, N SR5MP SR, RN S
i, M C S i IEAH G (P<0.01) , 5AR N/P 2B 2 IFAHE(P<0.05) , 51 C/P AR C/N 24 5 35 7 A ¢
(P<0.01) ;0 P HFES5E N & & R C/P MNP 2EEFEMIKE(P<0.05), 54 P & &k 2% 154 (P<0.
01) , 50 C/N #i 8 3 SUAHSE, SR /N BF AR (P<0.05) ;MR N &t 547 C & ki 3 IE AR (P<O.
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01), 5 N/P EIEAHX(P<0.05), 50 C/N B 7AHE(P<0.01) , 50 C/P i3 HAHC (P<0.05) ;4]
P S5 C/P R EIEAE, 5 C/N H i 3 EASE (P<0.05) ;MR C & & 5 C/N i 8 2 7AH 56 (P<O0.
01) ;i C/N 5t C/P M C/N B2 A (P<0.01) , 5 N/P W HAHIKE (P<0.05) ;1 C/P 5 N/P )
BEIEAHIE(P<0.01) , 5 C/P M N/P BEHAHIE(P<0.05) ;4R C/N S5 N/P 5 8 fAHK (P<0.05) ;1
C/P S5 N/P 24 i3 IE A5G (P<0.01)

R5 EYHAMAR CN.PIERELFTEFENEXME

Table 5 The correlation of C.N and P concentration and stoichiometry characteristics of plant

Eiztan MNER TP ERE TCERE BNGRE RPERERCeER hoN o NP RON O RCOP RNP
Index LN LP LC RN RP RC LC/LN  LC/LP  LN/LP  RC/RN  RC/RP  RN/RP
N 1

1) N s oo 0.423** 1

nC i 0.017  -0.037 1

N &= 0.752** 0.281*  0.021 1

WP Ei -0.177 0.394**  0.177 -0.234 1

M C & 0.399**  0.112 0.137 0.638** -0.173 1

- C/N — -0.468 " — -0.730*"  0.298* -0.479"* 1

" Cc/p -0.356" — — -0.290*  0.410"* -0.147 0.530*" 1

i N/P — — 0.055 0.265*  0.218 0.223  -0.203 0.697** 1

R C/N -0.485"* -0.279"  0.001 — 0.126  — 0.428** 0222  -0.075 1

R C/p 0.079 0.248* -0.101 0.184  — — -0.181  -0.257* -0.171  -0.037 1

R N/P 0.248*  0.298" -0.091 — — 0.195 -0.301* -0.305* -0.123 -0.289* 0.899** 1

# % P<0.01, *{UF P<0.05

3 Fit5iTie

3.1 AFEBRHUEREYIN C NP i KA E TR RE 1 22 50

MY C NP it DA SR R AE S T AR 4 %k 7K 43 P 0 25 S A0 B85 F o ) 5 o SR s 00 i N A
PSRN SRR C AL C/N I C/P L, N/P LR C/N AR N/P ZERHE K |25 50 18 3 (P<O.
05) , R T A RHE ALY X S FEASE B A AE N RIS 1 22 520 . M B NP &bk, R HOE AR
g, AR DR, BRI e AR BRI C B W R B L He R S ARG, AR K g, B
BORAIBTBIRE ST AR ST T RME YA B A N SR P SR, R G R A ELAT B0 A Y TR AR
IBURE 1 A e R R AR A8 RHEA S i C it , 2 BH 44 RHAE W 3 53 3k 185 568 B 18 5 7 ofe 3 1 A 1) 24
B, MY A C/N R C/P SRR C MRMLEE 1A 56, — @ BRI Ll WU B SRR AR L AR
W RASRH YA e i LC/LN {E A & 1Y LC/LP {8, A A #5i i ¢ RMLAE S, FEMH i N,
P (B AT LAAE Ry I BRI A AR K BB SR e B8R N/P /T 14 iR AE K 52 5 N STR RS, N/P KT
16 FIAEY A K 325052 P OCEAYBREI S, & 1 B HH NP GRMEY R (16.61+ 1.17) o/kg, I RHEY f A%
(12.40+1.31) g/ke, R E L b XK ARIBHEEY ERKZ RGO EFTEAR, SRHEY A K F22Z P o &R
(BRI, RAB RIS R A K 2 N TR MBRE 5Bk LAY A NP R3E 118 MY i+
Frbg XA BHE A i B8 N/P ¥4, U B B 4 Fe b X gl A 7 ) 2232 P RR

ARG R, 8+ EBRIX 15 Pt BRI AAE YT B C & 5 T8k 492 MBI | ¢ &
(F£6); 5 ERAGMEL, ¥+ B XA C &t SEEUR K, B4, 5 5 T e v s R 4 1Y)
434 mg/ g PP PR LA 435 mg/ gl RPN S LY 450 me/g P ULRH - Fr bR X R AR B AR
T RAEANFI BT B BRI B EE ST . N P JCRAE ALY R N PR 25 5 S i 1) 8 R0 R S B ] o s A 25
RGeS E B Han %Y ik 3R ERG AR T A NP OB R B, R ERG AR AN A
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N 20.24mg/g 5 Elser %2 P 2 BRAEYI A B9 N 5 20.60mg/g ABHENT  (HIF A P £ 8 1.46mg/g 2
FAR T BRI A= P 2 (E 1.99 mg/g"™  N/P KT 16, Ul TR B Y 1 A K £ 22 P RG], AR BFST
HARLI A N i 20.44mg/g BE T ST B N 55 26.8mg/g > BiE R 25.9me/ ¢ 27 P
28.6mg/g > (HY Han %5 9 BGAAE I I B N i 20.24mg/g (38 6) MR ;A P &t 1.52me/ g
T AZEdEHI A P & 1.8mg/g ™™ Hrsm s it B P & i 2.0me/g > RIVER T A P & & 1.9mg/
g P M Z R, 5 Han ™ 455 eb E RGOS H PO B B 5 B AR, A N/P SRS A A
T R R (AR D, AT A T 2 A B 0 0 R L, U A B B M X R A K 2 ) P BRI
B,

x6 BEXREBEXEMMHE CN.PUFTEFESHMMARERILE

Table 6 Comparisons of leaf C, N and P stoichiometry traits of plants between hilly and gully region of the Loess Plateau and other studies

W5 X 4k iR/ (mg/g)  EER/(mg/g) W/ (mg/g) it/ A /W R/ DU

Study area Total C Total N Total P C/N C/p N/P References

kX

Hilly and gully region of 474.09+£56.86  20.44+8.67 1.52+0.57 25.00£6.61  337.46+149.08  15.08+5.26 BN

the Loess Plateau

# 1 1 i Loess Plateau 438.00+43 24.10+8.5 1.60+0.6 21.2+10.2312+135 15.4+3.9 [20]
S

f/AmEf & 242 2.0 13.0 [21]

Songnen grassland

WS . 450.00+19.9 26.8+7.7 1.8+0.71 18.7+5.2 250 16.4+5.68 [22-23]

Inner Mongolia grassland

HiEm S Xinjiang grassland — 434.00+27.3 25.9+8.9 2.0+1.00 18.8+6.2 217 13.4+4.02 [22-23]

PR 5L Xizang grassland  435.00+39.9 28.6+8.8 1.9+0.81 17.0+5.4 228.95 15.7+5.26 [22-23]

*HE China 20.24+8.4 1.46+0.99 16.30+9.32 [24]

2FK World 464.20+32.1 20.60+12.2 1.99+1.49 22.5+10.6232+145 12.70+6.82 [25]

32 AFRUEMY C N P & LHAR R IE 22 8] £ 5C 22 B0 S IE £ i 17

CRPRAGEHEY I N I P i B IEAHOC (P<0.05) BT T i S Rl A A 7R A T i R
N Fint POX R IEAR OGRS BERE SRR E A KR B WA I, R R R T SR R
AR SGRHEY R AR C N P &R AL AR Z A TE A R R A G R (3R 2—4) ik R B[R B
J HEL 3 2ok R AR AS [ DI B 8] 14 3 R A B AR B G R i R AN IR R A2 4L, I HAS TR RHs AR %t A1
FEIRBE 38 N SR A AR K 25 53X St S d5ie—380., GRMEY S5 RARHEY) ¢ N P &8 L HA
FAHR I B R RSO R, UL GRS AR AR )6 BRI B AT B0 B4 P P (Al i 2% ek
B RIROE L) AR HLERIN 49 FHEY) C NP St SRS 2 (R AR SC PR | A A R ) O 22 2
AT A PR B IE B AR M N R AR, A N SRR R P RN S R C & R e A
S P AR P AR AN i R A EAR DG (3R 5) S EME Y ARk RIS R B, X T R
HI T AL AR, Sl AR R S P A N P SR EFROTR | [RIPRE OBOR 18 IR s R ik e A W (R A A4
W, R AL E R B A, LA E A RE R R AR R AR E . YA
YR N P S AR OCHER Y, AR KA A AR BAT DM e AR TE, NP SEE SRR T
F R Z A S BCAE —E MR R RIAIAR C N P A i S AT R R R A DG T
ROV YR R R0 4 DR BE 758, AT LUSE S M 17 o 10l 9 8 25 FR A5G

ABFFEL TR BRARABIR C/N 1EFAN P 2E 5 38 2 50 RARE GRS RHEY C N P &8 K
FAE AR E B PSS AT A 28 5 (B2 S N 3 . X n] RS PR R i A v, B3 | FHSBEAHBRS LU, B
PR M BEA 75 I I3, IEBAS A8, S EOREE R B BHSOL IR R, 3K 7, 9% 0 28 I T AR AL BN, (45 i
TR 5 R B R R B 5 HEA F RS Y C NP &8 K HRRHER Z e . RAFHEY)
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fhf i AR TEAS RIS AV ) 25 57 A8 W 3 s BRI IAR N A3 07 7] 22 53 18 3% (P<0.05) AR N F B 75 i Tl i
TR, 3K PR B R SR X R 2 - A N i IO e Y R SRR A T DA 5 % R N Y
WA B [ RURE Dok INAR N i, ZGRHEINE N & 0 C L AR N S, i C/NL R C/N ZEARTH
WA 1] 25 53 .35 (P<0.05 ), Hoiy C/N AR C/N FEAN[RI 7 ] 25 5 8 3 ( P<0.05) AT RS2 B it NI N %
AR R A 22 3R FE , GRS RHEYIT N SRR N 2 7 b 0, o T B IR e 2, 4
I N A R AR 78 50 R R IR AT GG/ 3 A DL, 3 s AR N & 5 R T AR 7K 43 1 i
W AR T R IR A R AR A RE NSNS LE LT LAE Y, SR N i RN S R
C & M N/P AR N/P e, 1 C/N R C/N BAIG FERT B 22 e AN 3 GRMEIAR N & S AEAS [RI3 o7 [|) 22
B E(P<0.05) M N G RIEN TS, RAR C/N W C/P i, N & & P & M C St
RASBHEBA A 22 5 535 25 R P &R, i N/P i ZE BT B 22 SR B3 9 Rt N & &k ¢
i AN S ED M C/N AR C/N ZEAS [R5 ) 3 8] 22 55 @ 3% (P<0.05) , JF FLE N & A b 0 e g s 1 C %
TR O IO AR 5 AR N 23 B 7 B IO 5 5 i /N 7 B O AR 5 AR C/N ZE BB THURAR . RARIAIG R C NP & &
fe2fd T LU AR G 2 U0, 3BT 4255 (3% 2—4) |, X AT RE S 49 RIS C N P & i S Ak A3t bk fal
A A URAT G (B 2) o WM &, SRMEY) 5 R ASBHE 6k P58 ELAT 5558 10 8 (AR 1y 14 (3 2o 454>
PRI PMREARIE R ) , 5 EHEY) C N P i S A2 i Fe 2 R AR DG MR 25 0 B 44 R ) o 22 0l i 4%
PEAR A3 7P 722 A A i by PR 58 AR AL
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