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Abstract

In recent decades, alpine grassland in the Tibetan Plateau had experienced a degradation at dif-
fering degrees. In order to restore the degraded grassland rapidly, the first important step is to
breed the superior local grass species. The effects of different treatments (row spacing, seeding
rate, seed fertilizing rate) on tillers and yields of Elymus tangutorum Nevski Hand.-Mazz. were
studied by orthogonal design in Qilian mountain in Qinghai province. The results showed that dif-
ferent combinations of row spacing, seeding rate and seed fertilizing rate had significant effects on
tillers and yield at 0.01 level. The primary relations of effects of row spacing (A), seeding rate (B)
and seed fertilizing rate (C) on tillers was C > A > B, and on yield was A > C > B, and on seed yield
was C > B > A. Therefore, our study indicated that the preferred breeding technique of E. tanguto-
rum yield is the row spacing of 20 cm, seeding rate of 37.5 kg-hm-2, seed fertilizing rate of 600
kg-hm-2, and the optimum breeding technique of E. tangutorum seed yield is the row spacing of 50
cm, seeding rate of 37.5 kg-hm-2, seed fertilizing rate of 600 kg-hm-2.
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1. 5|15

YEN “HBEREE =A% B sl A R M 55 1 = 2B AE S R4, BERSEFENERX, B
BEEPNESRMET EME. BT ABKAEGHEIRH LR ER R [L] [2], SR
FOUH B A R REE R AIRES o A N R & IR A = FE R AR S R G2 a0 — BUR B T4
DA o FE R [ B YT AR S I R R R RS, BRIk, DA TR S B A KO 2 i R R
RFEREMK SN EERTZ —.

H i@ N T 70 S R A T 75 v 32 B A AR, MBI T A, I [ 485 it AT A
ML AR G M [3] o T 0% & B Y IR R AR R £ LM OR BOCE R . B (Elymus
tangutorum Nevski Hand.-Mazz.) & R AFHE R & 2 AT Fh, A IEER G L = S8R IR & hh
TR I 0 i A [4] [5]s HO&E NSRS, WRARKE, BAYIKED. S 068 e K&
8%, EHAME, SBOUERAE LN RSB SR, EWEN—Mia B R LM ST e
BEFR . A FUE N T U e FE M X AR PR EERRAE R R R AR 0 S A K, DUABE T =
HIE =R B, N e X 3 5 RO AR A P R s R R (O BRAR AR U, AT IR 22 i 7 2 - iR
R B . BUIXA B N TS AR S A B Ak 7 T N

2. HRERE
2.1. WIG MR
I H AL 40 3% B BR B BL H 29 =4 A% (N: 37°56'56", E: 100°13'07", ik 3650 m), A
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1o R LA A P AR AN S T R IR AR R —— SR ¥, S A AR 4l i 5% (Ajania tenuifolia) . AIE1L
T A B MR e 00 35 b g TR AP B . % B (Kobresia humilis). 25. J& & IR KREE S, AEK, B4,
VR 1.4°C, 1 AFSRIE-13C, 7 ACPARIRN 12.2°C, [iRHZER, TS, FFBKEN
415.0 mm, 4T EREI. JLREVTIRFE, A4EH BRI %L 2829 h KPHFEH 5, KT 0°CHLR 1658.0C,

ERREFN 1162.3 mm. T3y S R

2.2. #idaet

BERA RN TS B R ERL AR RIS I S E T R . Pl RYE T RIS M IS0 B R BRI v
P, FhFaiyg i R 95%, TRIE N 2.43. iR56 AT A BRI R — 8 (B R85 & &N 64%, Hh N: 18%,
P,Os: 46%).

2.3 SEREI

FRAE IS [E] A 2014-06-03, KX 3 K% 5 /KFIERZIRIR (W& 1). L 3 MHZE AT, FEFE.
B Ak ARG UG AT R A, P, SRFIANTIFEEE, A AR 1~2em A4, W5+
HEAIE, B 2~3cm, FBIGHUE. ZIRIE Los(5e) IERZ R BT, JE 25 NMbEE, /NX AL 30 m?,
= A NATEE, 5 AKCPRICA 20 ecm (A1), 30 cm (A,), 40 cm (Ag), 50 cm (A4), 60 cm (As). K& B N#%
Fh g, 5 ANKFARYCH 15 kg-hm™2 (By), 22.5 kg-hm™2 (B,), 30 kg-hm? (Bs), 37.5 kg-hm? (B,), 45 kg-hm™
(Bs). K C NMEME %t fHE, 5 MK TN 150 kg-hm 2 (Cy), 300 kg-hm 2 (C,), 450 kg-hm 2 (Cs),
600 kg-hm™2 (C,), 750 kg-hm 2 (Cs). /NMXTHIAH A 30 m? (5m x 6 m), BENLHESI, 2 REE[6]. ZHSH KA
=2 HAEH .

Table 1. Experiment design and treatment levels

#F 1 Rt 5K FE

No. A B c 51 51 25 7 %
Blank column Blank column Blank column Testing program
1 1 1 1 1 1 1 AB;C,
2 1 2 2 2 2 2 AB,C,
3 1 3 3 3 3 3 AB3Cs
4 1 4 4 4 4 4 AB,C,
5 1 5 5 5 5 5 A;B:C:
6 2 1 2 3 4 5 A;B,C,
7 2 2 3 4 5 1 A;B,C;
8 2 3 4 5 1 2 A,B;C,
9 2 4 5 1 2 3 A,B,Cs
10 2 5 1 2 3 4 A;BsC,y
11 3 1 3 5 2 4 A3B.Cs
12 3 2 4 1 3 5 A3B,C,
13 3 3 5 2 4 1 A3B3Cs
14 3 4 1 3 5 2 A3B,C,y
15 3 5 2 4 1 3 A3BsC,
16 4 1 4 2 5 3 A,B.C,
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17 4 2 5 3 1 4 A4B,Cs
18 4 3 1 4 2 5 A4B3C,
19 4 4 2 5 3 1 A4B,C,
20 4 5 3 1 4 2 A4BsCs
21 5 1 5 4 3 2 AsB,Cs
22 5 2 1 5 4 3 AsB,C,
23 5 3 2 1 5 4 AsB3C,
24 5 4 3 2 1 5 AsB,Cs
25 5 5 4 3 2 1 AsB:C,

2.4. HEEE

FEM 5 FIAR 22 W BB AT R, RS @ MR BT AR S e s £ DU 500 m el A R A =i
SLRbAT H BT, A RO B SRR R . BRI AN e IEEAT N TR R RR

2.5. MEmH

251 BHIE. BHRAUSE. BRITHSHE
JrBE: (EZREN], FEREAS/NXBENLIZER 30 R TEE, SRS HOHL I BEEONIA R0 B
RRICRO BE = B — RN BERL

252 i FEYIE
TR 25 —AEAE/NX N BENLLEEL 1 m? B0, THRE S Ha i N 2, IRk A BERR L 8, SRECF S .
HY 500 g JAON 80°CHEFE LT 24 h it T+, FREEI AN T H,

253 MTFEERTHRE
FIAESE —AE T RhFRRAR N vk cE ] ifi. B, 5. R reetiRE, e, 8
Ry, T EORAAE & AL BEEG S AT 1000 RE, FRE, B 3K, THEM TR TR E().

2.6. RS

Hs H Excel 2003 sk, SRH] SPSS 18.0 FfF#EAT IEAZ 75 22 3 Hr Al 22 3t 5 2% V32 ] Duncan 4556729
EZ =/ 8

3. ZER55Hh
31 FEBBERARAMNZREN RN

FRE AR BE, AR BERL. O BEEUR 2 7 35 (P < 0.05), JrBEf =it 25 5 AL FE L B AR 3
TR 114% (AR 2)o B ZE 5 #r i 22 R B 4y B PP OAS [ it A 2 () RO AR ZE A B K (4.2), A [FEAT EE AT Al
ZEERZ(3.8), ANFIFEE A K ZE /N 3.2), RAMALEX /> BERISEIECR; AR gEd, ARATHE
] (IR ZE A A R (2.1), ASRIFE B ] M 228 vk 2 (1.8), A )it A 2 8] O A 2 A e /N (L.7) o AT, 38241
ATER B IR R S BE (IR 3). ZHEIRER I E R EE T, REATEE T As ii(19.2),
T HAMAT(P <0.05); AFFEFES Bs 7 (18.4), B, #fK(15.3), Bs Z& T Bs. B, (P <0.05);
AR C, i (19.4), & m T HABKT(P <0.05). RREATEEA T AR 88 As it (8.4), &
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BT Aq (P <0.05); A[EFEEF B, A i(8.3), & T By (P <0.05); ARt AL & ] 2 7 A 2.2 (P < 0.05),
10 Cy e i1(7.9) 0 77 2250 TR, 3 AR F-5 43 BERC IR I B L35, SR 20 BE 0 £ T - AR & > ATHE >
&R . 3 AR R B e, AT EEAR 2 (P < 0.01), #&FhEREP <0.05), MALEARE
(P >0.05). RLMA MBI F T Ay: ATEE > #EFhE > G,

Table 2. Effects of different treatments on tillers and yields of Elymus tangutorum Nevski Hand.-Mazz.

2. FRILEMZRESER BN

reatment Tillers Effective tillers tillers Abkc])_veground Seed yield weight
10mass

1  ABC, 17.8+1.75"%  53+0.25 12,5+ 1.50° 184.8 + 8" 10.8 £0.43° 2.2+ 0.22°%f
2 AB,C, 17.3+125°®0 §3+025" 11.0+1.00"% 4635+36.6° 20.8+85°% 230,03
3 ABC; 123075 5.3+0.75' 7.0+0.00°  348.1+49.4% 232+16"% 1.9+0.1f

4  ABC, 150+050%%" 83+075""  68+0.259 439.1+405®  389+6.3  24+0.01"%
5 ABsCs 17.8+0.75"% §5+0.00°" 11.3+0.75° 3752+13.7° 18.6+0.28°° 2.2+ 0.05"%
6  ABC, 158x0.25°M" 83+075"¢  75+1.00%% 2181+203" 193+77%% 254006
7 AB,C; 15.8+0.25%M" 68+ 075"  90+050°% 374.1+154°  253+3°™ 2.1+ 0.14°%%
8  ABsC, 17.3£0.25°*0 £8+0.25"%" 105+0.00™%* 4927+82°  328+22® 230,02
9  ABCs 145+100°M 68+1.25%%  78+025%" 4250+16.1%° 26.8+51%  2.5+0.05abc
10 A,BsC; 1382075 554000  83+0.75" 1986 +10.9" 10.2 +2° 2.1+0.04%f
11 ABC; 148+0.75%9  53+1257  95+050°% 251.3+23.9%N  240+28 2.4 +0.09%
12 AsB,C, 205+200° 8.0+0.00°%®  125+200° 273.5+266" 262+3.8%¢ 2.1 +0.02%f
13 A3BsCs 163 #0250 7.8+0.25"%  85+050°"  290.2+8%9  264+25""  25+0.18"
14  A;B,C; 158+ 025" 7.8+ 0,75 g0+0.50%" 2451 +333%" 22.9+4.1°%€ 23+ 0.01°%
15  AsBsC, 183+1.75"%®  88+025°  95+150°%" 218.6+19.8W" 194+ 26 2.0+ 0.05%
16 ABC, 18.0£050™ 73+0.25%" 108+0.25 2645+3570" 282+18" 23401
17 AB,Cs 17.0+0.50*"9 85+050°  85+0.00°" 231.6+145% 283+19% 2.8+0.03
18 AB,C; 143+1.25" 58+125%  85+000  161.8+28 10.8 +3.3° 2.2 + 0,05
19 AB,C, 1184075  75+050°%"  43+0259 2657 +4.9" 288+ 480 2.5+0.02%
20  ABsC; 16.0x0.50°*™" 55+1.00° 10.5+0.50™% 320.6+20.2°®  30.6 + 4% 2.4 +0.04%c%®
21 AsB,Cs 185+3.00° 75+0507% 11.0+350° 2248+9.3% 188+ 1.4 2.6 £0.03%
22 AsB,C; 14.8+0.25%" 68+0.25"%  80+0.00" 2151+ 5% 10.8 +0.8° 2.6 +0.47%
23 AsBsC, 17.3+0.25°%% 734025 100+ 050°% 291.2+18.1%  17.0+3.9% 2.5 +0.04%%
24 AB,C;  193+1.75°  11.3+0.75°  8.0+1.009 272945 252 41 obc 2.6 +0.07°
25 AsBsC, 263+125  9.3+225% 17.0+£1.00° 246.3+2.3%  282+55"% 2 6+0.09®

e FSIAR/NG FRERIRAE 0.05 KF LR EE . SCE PR R SUe BB un s e 1% .

3.2. AEIBIBEANEZREE N FEYMEHNT N
25 NAbFE A 3 TR R B AR L TS Y 161.8~492.7 g-m 2 (P < 0.05). H:1, 8 SAbFH(AB;Cy)ith
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RER H

YRR R (492.7 g-m?), b R O AL EE LB 18 S AR FE(161.8 g-m ) M AR
186.5%, AJ WLAS [FAES S5 A0t 22 TR M ERE ) BRI R (LK 2). RT3 I & (142.1) > 1T
#H(113.3) > FEFE(101.0), RUIMEAC RN £ H i YRR K. 2 ERKEY, RNRTES A,
(362.2), A IRZ(341.7), HEEETHMAKT(P < 0.05); AFRFERNE B, i #(329.8), HEEET
By (P < 0.05), (H5HA/KFERAEE; ANFEBIEEN C, i (343.2), BFmT Cp, HEHALKF(A
ERARZEE 4). FEMNTEARTI, FE. MIEEX 2= E YRk %3 (P < 0.01),
JEAR R MECR, TR, BER RN it DAY E IR N EARE > 1T > FEAEOL
% 5)s

Table 3. Range analysis of tillers and yields of Elymus tangutorum Nevski Hand.-Mazz.
# 3. EREDERTENMREDSH

Febr Index A B C
ky 16 17 15.3
ka 154 17.1 16.1
4 BE ks 17.1 15.5 15.6
Tillers Ka 15.4 15.3 19.4
Ks 19.2 18.4 16.8

Wz r 3.8 3.2 42

Ky 6.3 6.7 6.2

ka 6.8 7.3 7.6

R4 B ks 7.5 6.6 6.8
Effective tillers kg 6.9 8.3 7.9
Ks 8.4 7.1 7.4

Wz r 2.1 1.8 1.7

ky 9.7 10.3 9.1

ka 8.6 9.8 8.5

T4y B k3 9.6 8.9 8.8
Ineffective tillers kg 8.5 7 115
Ks 10.8 11.3 9.4

Wz r 2.3 4.4 3.1
ky 362.2 228.7 201.1
ka 341.9 311.6 291.4
Hy E R Ig-m 2 ks 255.7 316.8 313.4
Aboveground biomass Kq 248.8 329.8 343.2
Ks 250.1 271.9 309.5
Wz r 1133 101 142.1

ky 225 20.2 13.1

ka 22.9 22.3 21.0

Fh TR B ikm 2 ks 23.8 22 25.7
Seed yield Ky 25.3 28.5 30.9

Ks 20 214 23.8

Wz r 5.4 8.3 17.8
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Ky 2.2 2.4 23
ko 2.3 2.4 2.4
BT TR g ks 23 23 23
Thousand seed weight Ky 2.4 25 23
ks 2.6 2.2 2.5
Wz 0.4 02 03

3.3. FRBEEANZEENFHF~ER

25 ANMbFE S R B AR TEE Y 10.2~38.9 g-m ™ (P < 0.05). 4 SAbHFhT P E A K(38.9
g-m?), b4 5 AFE L EARA 10 5 A0FE(10.2 g-m 2R 281.7%, A WA ARG 4% A0 ) 2 5 B BT 7R
BB R 2) MRZE o # AR A R AR 2 (A 22 (B e K (17.8),  ANIRIF i [|) R Al ZE (R 2. (8.3), A~
[F)AT PR AR ZE(E B /15 (5.4), R BA T AL SN 22 5 b 7= B ALK (LR 3). ZH IR, AFT
PRI Z AR EE, (H A &E(25.3); AREEER B, fm(28.5), HEF&ETHMAFEP < 0.05); AR
B (A C, % 5(30.9), H &3 5 T HA/K (P < 0.05) (W% 4). J52ntr rhHB R i &oxt 22 w8 kb
Freg MR E P <0.01), MALEMMBR, WIEXKZ, [THE/N. P80 EXIT -
JfEE > FME > TEE(LE 5).

Table 4. Duncan multiple comparison between tillers and yields among levels of factors
4. 3EFRFESEM=EBNZELR

g AOME EMOE WEEMBGWE RTOR M7 TR

F(jﬁfr EJ;\II Tillers Ef_fective Ineffective Abo_veground /g-m_’2 Thousa_nd seed
tillers tillers biomass Seed yield weight
A 168 6.3%A 9.7%4 362.2%4 22.4%A 2.28
A, 15.4°8 6.8 8.6% 341.7°4 22,94 2.3°AB
ngﬁ g As 17.1°48 7.5 9.6 255.7"8 23, 84 2.3°AB
Ay 15.4°8 6.9 8.5% 258.8" 25.3%4 2.40R8
As 19.2°4 8.4%4 10.84 250.1"® 20.0°%4 2.6
B, 17%0A 6.7 10.3%A 228.7"® 20. 2" 2.4
aE B, 171" 7.3%4 9.8 311.9*% 223" 2.4
See(ig Bs 155" 6.6 8.9"8 316. 8% 22.0° 2.3
rate B, 153" 8.3 7.0 329.8 28 5% 2.5
Bs 18.4 7.1%A 11.3% 271.9%48 21.4°4 2.2
Cy 15.3"8 6.2%A 9.1° 201.1"® 13.1°¢ 2.3"8
— C, 16.1°8 7.6% 8.5" 291.4%4 21.0"8 2.40R8
Fertilizing  Cs 15.6" 6.8 8.8 313.4% 25.7°AB 2.3%8
amount o 19.4%4 7.9°4 11.5% 343.2% 30.9% 2,318
Cs 16.8"8 7.4 9.4 309.5% 23.8"8 2.5%

e FSIAFERANG 835 2R1E 0.01. 0.05 /K EZER .
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34. FEBBERAMZREHFTRNENRM

25 AN b B b 22 T ER - TR AL S Y 1.9~2.8 g-m %, AbFR[A)ZE R B (P < 0.05). 17 S AT
TR % K (2.8 g-m?), bRl TR E N X EURAK Y 3 5/ X (1.9 g-m 2 43.8%. 45 R
AB Cs AL B P TRLEE K, 1T AN [R50 2% 10 22 T2 8 (b TRL B B R (L3R 2) o IR ZE A3 HT A
[ AT B[] (1 B 22 A f K (0.4, A [l S 2 ] PRI AR ZE 4B IR 2.(0.3), AN A 2 ) (1 B 22 (L A /N (0.2), 3R BTl
JIE &%) 22 T RL A TR R R (R 3). i A T ATRE X 2 R+ TR E R B E (P <
0.01), JifiAEEFEM (P < 0.05). MR FTRIE M EXIT N: 178 > Ml > #HFFE(lE 5).
ZHEIERY, THEARKFE As i m(2.6), REST A, Ay A (P <0.05); FEEAFIKFRZERA
3, H By (2.5): MEEAFEKFE Csfmi(25), wEmT Ci Cs(P<0.05) (WA 4).

Table 5. Variance analysis of tillers and yields
#=5 EREDERTENHESN

F

% o g R Baem UTRRE pen FTTRE

Factor . Effective Ineffective g lg-m™? g
Tillers - - Abovegroun . Thousand
tillers tillers . Seed yield -
d biomass seed weight

”E.E 4 4.983" 3.602" 2.233 10.179™ 1.370 5487
Spacing

%E 4 3.621" 2.634" 6.787" 5.634™ 3.684" 2.462

Seeding rate

et 4 5.350™ 2.572 3.658" 9.610™ 15.080" 2.967"

Fertilizing amount
FE: FORTE 0.05 KT LER R TRARE 001 KT EEREE, .

35 ERENER~BIMEREX S

H PP BE R 1A AR A AT R, > BE S A R BE L JER) BEIR] 2R 2 IEA (P < 0.01);
AR BE ST R A 2R3 IR (P < 0.05), SRR IR 2 &2 IEAHSC(P < 0.05); i AEY)#
SR R R IR RKT (P < 0.01) (L 6).

Table 6. Correlation analysis among tillers and yields of of Elymus tangutorum Nevski Hand.-Mazz.
6. EREENERFTENMIREXSH

HROMBE ERorEE Wb LRYEIgmT? Ry R Rkl

A
Fax Index ]j\ 5 Effective Ineffective Aboveground lg-m™? Thousand seed
Tillers - - - . -
tillers tillers biomass Seed yield weight
43 BE Tillers 1 0.505" 0.848" —0.074 0.078 0.130
11 %5y BE Effective tillers 1 0.180 —0.075 0.342 0.334
ToR 5y BE Ineffective tillers 1 —0.040 —0.120 —0.054
= -2
S LA g m 1 0522 -0.091
Aboveground biomass
Fhf e Elg-m?
Seed yield ! 0.153
TR .

Thousand seed weight
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pil
M
ped
4

4. #He
41. {THE, BMESHEEMNERENENTMD

DBERAEYIBO, B R BB TR P BE . MR 2T IRE B BRI R ELR [7]. BEIR
WY 2L W] DA RO B R A (8], ABIETEAT T 3 AR ZN 2 B oy BESU M AR 8. 2, L P AT X 22
SR ) BEAA R BRSO 02 . IZEE RS HOKSEEMT TN ZE R — B KT RE S SR B SR AT A8
M I EATERALE TS OL T, ZEORFAEM 53T i I SE 4B, mtaT DARIUCE 2 (42 18] f 7%
g5, MR AEFERCA S35 Mo TR, B2 PO Jon vy DA e 38 1) 28 5 PO R 8 2 T 5 1) 2 0 2 )
BEo RN, AL 7 BE AR M AN [R] AT (1 A P B2 2 00 6 24 45 4 v A K AN 3 B B BOR 1 e st AR
Mo IXATRE S 1230 X IRAE T RIRPERNAS L SR, SEALIE N L3R E TR 7, BRI AR B DA - S 77
Z A 1EH -

4.2. f7HE. BMESKLEENEZRE N FEVEEMTF~ERRME

EEAATIEX ORI AE K RE R — e e [9]. L2 BEE[1016F 70, AT IEALE B Rk M E R B2
REFEENTE 827 E. ZMRATITHE. B2, MIEs 22 st FEYEE W EEm,
S HT ] BE A I B B IR AR RN IR, TN A KIRAVE =Y AN R, NCERR R R R B
VIR SEfl . SRR R AL BRI R Y S0 B AR B, MR 2 reE s E A B AR T
FEEA TN . (BATEEXFE EEMPE BN S E, X R EiRIeH X . SRR AR S 1 2=
S K. MIREVEEERR TR, XA 5RE Y ESRRRE L, Bt — 2R,
43. 1TiE, BMESHEEENEREMFTRENKE

AT BN F - B A AR T S, X T AT R neT DA A FE R b R BRI S 18] AT,
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