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Effects of root cutting and ramet propagation on nutrient elements and
stoichiometric character of Elymus sibiricus

YANG Juandi, QI Juan, FANG Qiang’en, JIA Yanwei, SAI Ninggang, CHE Meimei, WANG Xiaojuan
(College of Grassland Science, Gansu Agricultural University / Key Laboratory of Grassland Ecosystem, Ministry of Education /
Gansu Grassland Engineering Laboratory / China-USC enter for Grazing Land Ecosystem
Sustainability, Lanzhou 730070, Gansu, China)
Abstract: In this study, through the analysis of 5-year-Elymus sibiricus from different sources [Xinjiang wild E. sibiricus
with altitudes 0of 2223 m and 1195 m (S1 and S3); Xizang wild E. sibiricus (S2) and cultivated E. sibiricus ‘Chuancao No. 2’
(S4)] were treated with root cutting in “—" shape (RC1) and root cutting in “+” shape (RC2) and ramet transplanting (RT).
The untreated mother plants were used as the control (CK). We studied its effects on the main nutrients-carbon (C), nitrogen
(N), and phosphorus (P)-and the metering characteristics between the plant and soil to lay a foundation for technology
selection to delay the senescence of E. sibiricus. The results showed that, based on most materials, RC1 treatment could
improve the N and P contents of the above-ground plants and underground soil, and reduce the C : N of the plants. RC2
treatment of some materials could increase the C content and C : P of the above-ground plants, and the C and P content of the

underground soil. RT treatment significantly increased the C content of most materials. The results of correlation and
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redundancy analysis (RDA) showed that both plants and soil were limited by N content. In general, one root cutting had a

relatively significant effect on the rejuvenation of 5-year-E. sibiricus.

Keywords: Elymus sibiricus; cutting roots; ramet transplanting; plant nutrients; soil nutrients; chemical metering.

Corresponding author: QI Juan E-mail: qijjuan@gsau.edu.cn

Z 103 (Elymus sibiricus) £ J& T AR A FL 4§l 5
&, NEZEAEAREY, BAEENESHMETFE N
i, EREME BV KRR P REEERERY, @2
LT F AT N AR AE IR SR RO 3 2 ) FH A R
HAK 4~5F )5, EERKH IR, Ao
B, TR B B TR T, MEAR IR B G, IR
1R B o SE A A3 B R ) ] 4 B A2 AR T AR R
b2 e @, BRI, MM R S B YR
F W A A 5 R PR AR e, o SR B — R
B il ok B2 R 52 AR HE AR N B IR 5 ) B4 i S A
FI AT 2 A 2 77 125 YR A AT DA SR v 4] 2 7
B, RN 2o 5 RS, thah, PR 25 m 45
BRAIEIRY, $ MR R A i (R AR 25 A T g,
FAN, BHEAR (PP ARZE L R B R ) RRA
RHE Y 2 I 8] 2 48 -5 tH AR B 38 (0 FE il 52 e HH [A]
ERAEDERK. KRG, &A&TREEEMR &
R 2 Bk kR HE K 3 4E DL B Bk AR
BE B MR . D47 = T T R B MR
(1) BHL 6 5 AE PR ECRERR PR & B, T 0 K A i
. THESHRE T 75.39%- 46.27%- 91.04%. 79.80%
F1 80.89%.

b5 vk B AR 0 A2 A RRAE AT B T BB R A0 Ak
G 5 (1 2R K R SR T 6 T R R R B IR A 2
AR AE 9 BF 5t 2 AR T TR IR AR R R R R 4R

R o o A 1) RS ) 4 R ok i ok Y 4
. 3F AR, YA S F T B RE 2 % 2
R R KR AN TG rgn™, @5
KT LR AR B 7 TH AT S > o AR SR A
RV 5 73 MR 8 10 77 2, il ot 7t 2 v2 2 M) —
T+ 3 R 4 = K8 5% Ju ZE ik (carbon, C). & (nitrogen,
N). % (phosphorus, P) &% & KAk 2% i & RH1E, #nRE
TEE PR S5 Y N AP R R0 R 58 & B
A C BB 11, 9 S 28 % 1 52 4 B R
FH A PR 25 B0 b S B R Al

BRIk

1.1 RIS R

BRI A7 T H R AR b K 2 i S IR
(36°03' N, 103°53' E), JHILH EF (Medicago sativa)
5B R R, F IR 1595 m, K
B 451.6 mm, FHSIE 9.1 C, FF2& K EIA 1664 mm,
AAE T 180 d LA I, ek A g g 1Y
1.2 IR

RIS L 4 4y, PG 3 0 B A s A1 4y
Resg mh A (R 1)
1.3 It

2017 4E 5 A ¥, K RN 4 B A [F R 2 =5

x1 REMHRERER

Table 1 Test material source information

g MR i e it i
Type of Latitude and .
Code . Sources Grass type . Altitude/m
material longitude
g i BB Ay 5 ot o)
S1 Wild The north of Zhaosu County, Ili, Xinjiang Meadow meadow steppe 43°13'N, 81°06' E 2233
; TG SHE 1 10 45 65/ 1 b —_— o
s2 %&’ﬂ% 65 kilometers cast of Shigatse, Tibet, Ao Eea dows s e 4316
hillsides and roadsides P ’
B G ORI Py R IR e o FE e B o1 ocpy
83 Wild Fuyun County, Altay City, Xinjiang, koktokay Alpine desert steppe 47°12'N, 89°50' E 1195
LB AP E2E e T - N —_—
BOERMONR2S) s gzt R 1

S4 Cultivated species
(Chuancao No.2)

Sichuan Academy of Grassland Sciences

Temperate steppe
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Z2 5T 29 Sa1) e REL FE H R AR b K A R R S I
%A, WEANE A 30 kg'hm 2, BEAS/NX R 10 47, 470
30 cm, X B9 40 cm, NX A 9m’ (3 m x 3 m), 3 K
HE, RN, NX KL X H R
(K 1a).
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RC1
T DD e
00 00 |

a. /N

Plots planting map

1 XEEE

Figure 1 Test processing diagram

b. 43 X 4bFE R

Partition processing diagram

RC1: “—7FYI; RC2: “F VI, RT: 7 #E#2 #%; CK: BEAk
S1,S82,83,84 A& 1. FHE.
RCI: root cutting in “—” shape; RC2: root cutting in “+” shape; RT:

ramet transplanting; CK: mother plants. S1, S2, S3, S4 are the same as
Tablel. This is applicable for the following figures as well.

BT ETE S HRBERE IR AR, FEEKT
PRI ], T 2020 4F 10 H R A1, #8N/N X
E1RI o R 4 A4 X, B 1A 4 X6 BRERR E AT 43 Bk
Fe % (RT) A3 B 1 A4S0 XA (1) 4 08 2 7 22 B K
PRBEAT ¥2 U IE 20 Bk, 08 B A — BRI B 2 Bk, R
W AEZ 5y X, BREE A 20 cm. T 2021 4F 3 H KX
o IR WIRT, IS A AN X A X, R
I E SR 7T H (K 15 em, & 20 cm, & 0.5 mm) X
BERRUIAR b B, 23 0 R« — > F U (RC1) A+
PIME (RC2), AN/ X H 6 42 1) — AN 43 X 9 BEFR XS
HE (CK), AN X B 40 XA EE & 1b, 656 b 3 i
J 351 00 R (R B (A 8 SR L B A R IR
5,

14 NEEHRSH

2021 4 6 H T A, T2 722 AR BN #] (R 4
S bR H ()WL 5%, A 6] AL BT TE A K A R 4F), B
R E N 6 cm, 105 'C 747 30 min, 60 C M+ % 1H
#H, OB S T E IR R E . RN RS N X
PR vk R 2 R /N X 0— 20 em -
FEFE AR 2], KT )53t 20 H (0.85 mm) i J& Tl
& 13 CON AP,

A ) R L 3 A ML SR FH 2 4% 1R 8 40 — b i #4
ED SE 5 R ) AN 33 A GEOR YL IR BUE I E s R
FH 23 ' B 00 5 e A 4 3 4 s

1.5 BIEGITS S

H Excel 2019 i 17 % 4f% % 22 A 4F &, H SPSS
25.0 Gt U JAF X AN R Ak B R AR A M 4 CL N ORI
P HA 2 B R AR SR AT B R R J7 Z 73 T (one-way
ANOVA), Duncan % it 17 2 # & (P < 0.05); %
F Pearson 2347 AH 5 P 43 #15 SR Canoco5 A4 %)
MY — L C NP FELMAITELRATIOR
(RDA) 43T o

2 HR50M
21 PIRESHBEGEIDEELIEC, N

P & =28
211 FEYIC. NFPEENAEL

RC Ml RT b B & 7272 MY) C & & Y
S1 Al S37E RC2 /b T, H C & &7 B Bk E =
40.45% F1 7.72% (P < 0.05); 7E RT 43, 54 S2 il
S3 ) C & B BRI S 18.05% 1 22.85% (P < 0.05);
%) S4 /£ RC1. RC2 M1 RT 4:¥ F, H C & B MK
BERRSE R T 23.94%. 29.77% F133.96% (P<0.05) (K] 2).

ANMEIN S EWAERCI 0 N5 ERE
# (P<0.05); fHYS1 F1S4 1, N F&7E RC1 fIRT
AL FE N R RERE 4 B R T 21.00%- 9.19% AT 16.35%.
28.07% (P < 0.05); Hi47 S2 F1 S3 [f) N & &£ RC1 I
RC2 &b BN AL BEFE 43 42 7 T 26.21%- 29.81% Fl
18.62%- 46.34% (P < 0.05) (& 2).

) S1. S2 A1 S3 v, H P & &= H1E RCI b #
Tk B R K, BB A 4 S T 15.38%. 9.03% Al
30.06% (P<0.05); 1647 S4 1, H. P & &E7E RC2 MIRT &b
HUR A RERRIR B T 15.57% F149.02% (P < 0.05) (K 2).
212 EHEC. NFPEENAL

MY S2 +- 3 C & B /5 RC2 A H F# CK 5
36.60% (P<0.05), 4 S1. S3 A1 S4 13 C SEIERCI.
RC2 FIRT #H ™5 CK ZRAEZE (P>0.05) (E 3).

T4 ST A1 S2 -3 N & &= /£ RC1 A3 T 43l
B CK 7 39.82% Al 42.41% (P < 0.05); A~ [A] Ak
T (RC1. RC2 FIl RT) S3 +- 4 N & & 4 5l % CK #2
B 68.30%. 59.40% 1 60.84% (P < 0.05), /A [ 4b B
S4 LIEN S EWYE CK ZRARE (P>0.05) (K 3).

Y S1 L3 P& & 7F RT 4 2 F 5 CK BF 1K
29.97% (P <0.05), S2 11 S4 13 P & &7 RC1 1 RC2
REBETR, 43 A CK 2 & 46.30%- 51.31% F1 36.28%.
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KRS Plant material codes

2 FRILEXTZTZMEC. NRP RSN
Figure 2 Effects of different treatments on
C, N, and P contents of Elymus sibiricus materials
ARG FRER IR [F — AR R A R A B 7 2 ) 2 S R 3 (P <
0.05); TFEME,
Different lowercase letters indicate that there is a significant difference
between different treatments of the same material at the 0.05 level. This is

applicable for the following figures as well.

47.00% (P < 0.05), #H%) S3 L3 P S EHEZMHT
(RC1.RC2 FIRT) ¥J5 CK ZRAEE (P>0.05) (K 3).
22 VIRESPHKBRNEI —LIEC: N, C:P
B N:PLLEMNZMN
221 FHPC:N. C:P L N:PHEKAL

fE RC1 AP, 4 FiAF KT C =N 25 27.89~29.69;

#8145 Plant material codes

3 AEAEXMEEC, NRPEEMNHI
Figure 3 Effects of different treatments on
soil C, N, and P contents

Horp S1. S2 A S3HEY C: N 73 A B RERR FEAR T
16.46%. 17.08% £ 11.48% (P < 0.05); #£ RC2 kb ¥
T, 4 FiAf R C: N A 27.87~46.31, SI 1S4 C: N
I3 I RERR R 1 T 35.45% A1 22.85%, 17 S2 A1 S3 K
C: NBEEFEBEL T 16.51% 1 16.07% (P < 0.05); {E
RT Kb#E R, 4 FidA KL C :N 7F 26.79~38.29, S2 () C: N
SRR IR T 13.84% (P < 0.05) (K] 4).

fE RC1 A3 R, 4 F 4 K1 C: P 176.73~
265.80, fH 4 S1 #1 S3 1) C: P 5 £f#k #H bt ¥ FE AR
12.64% F1 18.55%, 1M S4 (1] C : P 3 BEtR#E 5 22.26%
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1008 B B 5 40 %
50 p o DK BRCHERG WK LA KLY ST I N = P A RERR4R 55 10.06% (P < 0.05)
40 2 (Kl 4).
; . JE a A a 222 EHEC:N. C:P EN:PLHEKNZEL
= b . .
L nr : ¢c b ol e 4 Fp MR 3 C - N4 4.13~8.54; £ RC1 Al
5 RT 4b ¥ F, S3 48 C: N4 il 8 CK £ 1K 48.40%
o il 30.27% (P < 0.05); 76 4 4 ¥ F, % S1. S2 F
10 S4 1 C: N5 CK Z R AR (K 5).
A PpAF R 148 C: PN 6.88~17.53, A A 4b
T e s w F (RC1. RC2 A1 RT)S1 . S2. S3 f1 sS4+ C:P
300 ¢ %15 CK ZRrARE (H5).
a
2 a a aa a 12 r
250 | a, OCK ERCI ERC2 MRT
o B m M o Pl Gl a
200 HF|© b
(=™
150 F
© Z
100 O
50 H
0 1 1 1
S1 S2 S3 S4
10 a a
ad b
8 - b g [pb
pab 2 —2 b be,
6 FrEH " |c ]
A
Z
4r a
Q
2 |
0 1 1 1
S1 S2 S3 S4

KRS Plant material codes

4 FELEBMEFEZC:N. C:PHN: PN
Figure 4 Effects of different treatments on C: N, C : P,
and N : P of Elymus sibiricus materials
(P<0.05); /£ RC2 A:HER, 4 MBI C :P 4 228.88~
257.27, W) S1 A S4 1) C: Pl B REFEIE & T
23.18% F1 12.23% (P < 0.05); 7E RT A ¥, %44k}

C:PH5EHERAEE (K 4).

£ RC1 b BEF, 4 AR N Py 6.01~8.99,
T S2 1 S4 1) N = P A BE#E 43 il 2 =1 15.80% F
15.02% (P < 0.05); £ RC2 A R, 4 FA BRI N : P
N 5.55~8.73, {HI S1 I N : P i BEF B K 9.20%,
S2 Fl S3 [ N : P 4% BE#R$2 155 20.63% F 33.62% (P <
0.05); /£ RT 2L F R, 4 FAF B N : P ¥ 6.51~7.31,

S2 S3
45 Code
E5 FELEMTIZEC:N. C:PHN:PHENR

Figure 5 Effects of different treatments on
soil C:N,C:P,and N: P
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4 F R RN : POy 1.18~2.57, 7E RT 4b 2
T, ST HEN: P& CKHE & 57.92% (P < 0.05); 1F
RC2 4 T, S2 3 N : P # CK &1k 32.22% (P <
0.05), A[A 4L # (RC1. RC2 F1 RT) K S3 Al S4 + 1%
N:P¥5 CK ZRARE (P>0.05) (K 5).

23 E¥—1¥EC, N, P, C:N, C:PXEN:P
BUHE < 43 #7F0 RDA 434

MY C 5®YP M C: N EZEMEP<0.05)
(F2): MY NSHEY C: NEZE MK, SHEY
N:P @ FIEMRX (P<0.05):; P 5 C:-PM
N:PREFZEFMIMIK (P<005); LIECHEEC: P
BEFMHEX(P<0.05); THENEIEC: NREMN
MR, 5EEN:PEFHIEMK (P<0.05); LiEPLY
THEC:PHEZENMKLP<001), 5HEN: PR
F M (P<0.05); Y C:N SN : P 5% it
G B C:P 53N P AREE EF R (P<0.01).

Y5+ C.NP.C:P.C: N[~ &K [
— LU AR 1) S A B3 /1 900 (] 6), 3% B Y P 42 3% 1
FIK (P <0.05), HAEY) C: N Al C: P [ &Sk + 35
K, FRAHES EFEC: N C: PEAG IEHY
Wi s AH S, AE A A1 1458 N2 P ISR T 90°, I 2

A (P <0.05), #H4) N : P (A&7 KK, £+
HEN : P A7 T 52 K

3 e
31 YIRESHKBHIE—LIEC,. NEPH

=AU

C /& FEAR N IS5 FPEY) i, NORD P2 52 i Al
WA S RS R e xmUT, s &
o PRSI A 3L AR P45 SR, R e R B A 1
Yo T AR E AR KRS, YN T IE R B
TR R EE IR & & . AWK, Y S,
S3 fHl S4 #J7F RC2 B F C & &R BEFRIE S, 44>
MR N & 576 RC1 AL B B RERR 2 5, S1. S2
M S3HEY P& EWIERCI /B N3 Hx k. £
EE MU i R AR S T 2T S MR CL
N. P& &, X 5 MRS i 45 AR 45, 7T RE 2
e P R = S 1 B O w5 e o
R G000 B G A, AR AR IR A I A BRI,
R B A K R R R AR T A g R K B
T CK, DIAR b3 ] DLAS [F) 72 5 32 i 3 1 C.
N. P& &, iX 5P w4 58— 5, IR A H T

#z2 EY—LTEC, NP ITENHEXM
Table 2 Correlation of plants-soil C, N, and P

PC PN PP sC SN Sp PC:N PC:P PN:P SC:N SC:P SN:P
PC 1.000
PN 0288  1.000
PP 0.547° 0472 1.000
sC 0441 —0.007  0.107  1.000
SN 0351 0205 0411 0459  1.000
SP 0418 0432 0355 0194 0390  1.000
PC:N 0608 -0582° 0073 0369 0112 —0.024 1.000
PC:P 0383 -0.197 -0555 0289 —0.111  0.056 0.487 1.000
PN:P 0245 0499 -0.520° -0.088 —0.168  0.11 -0.624" 0369  1.000
SC:N 0053 -0.068 —0212 0435 0568 —0.173 0.112 0267  0.118  1.000
SC:P 0026 -0314 -0.162 0632 0117 -0.626  0.285 0.157 —-0.153  0.404 1.000
SN:P -0.016 -0.119 0109 0276 0585 —0506 0087 —0.167 -0226 -0352 0.679 1.000

THRRBEKTN P<001, FRBEKTH P<0.05. PC: HMIC; PN: HYIN; PP HI#IP; PC:N: H#IC:N; PC:P: {##JC:P; PN:P:
YN : P; SC: +£3ifC; SN: :3N; SP: £#P; SC:N: :MC:N; SC:P: HHC:P; SN:P: HIlN:P. Eold.

- represents a significant level at 0.01, ! represents a significant level at 0.05. PC: plant C; PN: plant N; PP: plant P; PC : N: plant C : N; PC : P: plant C :
P; PN : P: plant N : P; SC: soil C; SN: soil N; SP: soil P; SC : N: s0il C : N; SC : P: s0il C : P; SN : P: soil N : P. This is applicable for Figure 6 as well.
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