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Relationship between spatial distribution pattern and factors affecting weight per

thousand seeds of cultivated barley in Qinghai-Tibet Plateau
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Abstract: Weight per thousand seeds ( WTS) is an important quality character of barley grain. In recent years, some
researchers have shown that WTS is affected by genetic factors, as well as by its cultivation and environmental conditions.
However,. the effects of different environmental factors on barley WTS remain unclear. In addition, although previous studies
have mostly been conducted at several sites, large-scale studies have not systematically addressed the relationship between
cultivated barley WTS and environmental factors. Moreover, with a large number of hull-less barley varieties or resources
being required on an urgent basis for modern agriculture development in an environment of high radiation, low temperature,
and drought, Qinghai-Tibet Plateau is an important region for growing hull-less barley in China. However, until now, the

relationship between barley WTS and environmental factors in Qinghai-Tibet Plateau has not been reported. Therefore, the
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present study investigated the distribution of cultivated barley WTS characteristics in Qinghai-Tibet Plateau using
geography, climate, soil, and agronomy data from 83 sampling sites. The aim of this study was to identify the relative effects
of different environmental factors on WTS, to clarify the relationship between the distribution of barley WTS and
environmental factors, and to explicitly assess acclimation of WTS of barley varieties planted in different areas to the
environment. The results showed that (1) WTS exhibited a macrocosm pattern of spatial distribution along the horizontal
direction in Qinghai-Tibet Plateau, with staggered patches of different values and an N-shaped tendency. In addition, two
regions of higher WTS ( south-western and north-eastern ) included the counties of Qushui, Duilongdeiqin, Naidong,
Shigatse, Zhanang, Gongga, Jiacha, Dazi, Qiongjie, Lazi, and Dingri in Tibet and Haiyan, and Mengyuan and Gangcha
in Qinghai Province. (2) Along the vertical direction, GSC distribution exhibited a pattern with double peaks, with two
higher value zones between the altitudes from 3600.0 m to 3900.0 m and that above 4500.0 m with average WTS values of
(49.6815 + 10.0764) g and (47.9500 + 0.1732) g, respectively. (3) The effect of the magnitude of environmental factors
on WTS followed an order of precipitation during the growth period from heading to maturation > soil available K content >
sunshine hours during the growth period from tillering to elongation > average temperature during the growth period from
heading to maturation > sunshine hours during the growth period from heading to maturation > average diurnal temperature

range during the growth period from elongation to heading > longitude.

Key Words: cultivated barley; weight per thousand seeds( WTS) ; spatial distribution pattern; influence factor; Qinghai-
Tibet Plateau
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Fig.1 The locations of sampling sites
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Table 1 Sampling sites and variety information

HARS R ZRE/(°) 4iE/(°) H4/m i 2 R AP

Site code Sampling site Longitude Latitude Altitude Variety Type of variety
1 VU TR 25 EL AN S AR A 96.00 E 29.44 N 3010.0 W TR AR
2 PO A E AL S HER 89.05 E 29.10 N 3869.0 Bhi22 5 e S
3 PEB/\ i A5 15 £ B kR 97.16 30.14 N 4123.0 H Ik BT KA i
4 P\ TE ELAR AR O R 96.44 E 29.30 N 3925.0 RO FR AR
5 DU I B B EL AR & 5 kT 99.40 E 30.27 3661.0 fET 8 5 ) A
6 VUL H W00 2L £ A A 89.03 E 29.19 N 3828.0 Hii225 e
7 P\ 1EE BAR S ELEER 96.51 E 30.03 N 3379.0 EARE R AR
8 U6 A LA LIS R 97.02 E 3111 N 3300.0 Hi 195 e A
9 N E R RS B 5 102.45 E 34.48 N 2985.0 [LEOARES A b
10 Higpr 2 B R & MEEAR 97.15 E 33.00 N 3574.0 BHER LA T
11 VUSRS AL 5 3 & sk AR 97.18 E 30.42 N 3527.0 SO L2751 RE
12 P K B R AR & m AR 90.93 E 29.52 N 3625.0 RN LG Tl
13 PO 22 2R S A 81.11 E 30.16 N 3877.0 W2k P H R AT
14 i BT S AR e R 100.41 E 31.26 N 3165.0 Tt R LK Tl
15 [iF: % YA R ) 90.83 EE 2972 N 3765.0 He oA R AR
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Site code Sampling site Longitude Latitude Altitude Variety Type of variety

16 PO FEHE S 4 Pk B 1 S AR, 90.63 E 29.72 N 4226.0 FEAT W R LK T
17 PUSECE H E 5 I e IS A 86.38 E 28.35 N 4347.0 IR VeI
18 Ui E P B3 S fE SRR 101.01 E 31.03 N 3014.0 S PR B LK Tl
19 PURE H E 025 IR AR I A 87.12 E 28.42 N 4418.0 JEH 690 e A
20 HIG R R S SN 101.32 E 37.13 N 2957.0 T B R ARG
21 PY A AL A HE 2 it R 91.28 E 29.68 N 3727.0 JECHT 2000 P A
22 HIENIZE LY & YT 100.07 E 37.19 N 3295.0 WE PG
23 T S AL S S R 101.31 E 36.18 N 3177.0 L B TR
24 HIG RS S E S AEN 101.19 E 35.49 N 2977.0 #H8 = e F b
25 VG DT EL B AR 90.45 E 29.18 N 3586.0 B R Ve
26 FL M e 100.13 E 36.37 N 3223.0 TLVE 7R R A
27 T VR M 1) YT B Y ) 100.36 E 36.27 N 3247.0 IH75 He wh b
28 H G2 BRI S 5 = AR 100.58 E 36.54 N 3029.0 bH3 5 e S
29 HINEIET T Ring & fi 3k 102.51 E 35.07 N 2682.0 o B ARG
30 DUV AA TR EL T AN, 103.34 E 32.48 N 3065.0 NGRS PRI T
31 VUSRI EM © Dp BT 89.29 E 29.00 N 3975.0 R CANTR S LK
32 PURIT A e B & 35 e R 89.57 E 28.51 N 4361.0 W 25 e b
33 PSR EL 2 SR B A A 92.30 E 29.08 N 3335.0 Jine AR ARG
34 VU B B R & S A 89.23 E 28.16 N 4015.0 B 7 R AR
35 DUl 3B Vb3 S YA 102.54 E 31.31N 2419.0 HEFETH B AR
36 VG T A T3k 5L 2% & B T o 92.78 E 29.92 N 3888.0 2% B ARG
37 PURBIR K2 1t S Fh, 90.27 E 29.08 N 4457.0 P b P R LK T
38 T B L B AL B A 92.59 E 29.02 N 3139.0 W R TR
39 VUSRI LA 55 £ A S5 AT 87.34 E 29.05 N 4117.0 EDRL RS AT
40 PR B BRI R 94.43 F 29.42 N 3441.0 Rt AR D
41 VUSRI TS H £ STixiAT 87.36 E 29.05 N 4021.0 AR R TR
42 PUERE T HLARSR £ IR AT 92.31 E 30.15 N 4200.0 R B LK
43 PORERE T-H H Y 2 B A 92.09 E 30.02 N 4073.0 W5 R R T
44 ikl B33 S PR 102.30 E 34.34 N 3125.0 FiI 4R AR S
45 DB oR e ELAR I S AR 102.35 E 31.49 N 3173.0 H3%5 e A
46 PO EL A SR R 98.43 E 29.72 N 3744.0 msEFHR AR S
47 PR R £ Z2h) 98.38 E 29.08 N 3015.0 Fib e 75 7 LK T
48 PURAAREL ARG LV RS 94.25 E 29.24 N 2937.0 K s 75 B AR
49 HETIRE KR S 3 R 101.24 E 37.25N 2997.0 5T R AT
50 PURLEEAT TR &R S E MR 91.75 E 29.82 N 3835.0 T 85 e A
51 VUSRI AR B S HER R R 91.48 E 29.08 N 3645.0 T 320 e
52 FERCE A BN T4 & T3 244 86.09 E 28.27 N 4568.0 EEET R Fh
53 [iF: %2 = MK ERT 2 N} 86.08 E 28.42 N 4539.0 FEZRER AR
54 PUsE AR LRI S R Wk 90.87 E 29.33 N 3790.0 JeAREH R AR
55 PR ARBREL TS £ 3R MR 89.50 E 29.33 N 3787.0 Hhi6 5 e A
56 PO P A SR AT K R 86.00 E 28.14 N 4048.0 HER TR
57 HIG B IGE £ TR 96.25 E 3222 N 3712.0 Wk LA T
58 PR 5 5 B IR IR A 96.48 E 31.06 N 3743.0 IR R AT
59 PO 5 55 B2 O SR A R 96.29 E 31.22 N 3913.0 K RER LA T
60 PR 57 B NS & B 96.17 E 3151 N 3717.0 JIESSRRES R T
61 PGS 22 2 £ AR 81.17 E 30.20 N 4082.0 W2 R LG Tl
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HARES RS 21/ (°) i/ (°) TR/ m a4 R i A

Site code Sampling site Longitude Latitude Altitude Variety Type of variety
62 PURERAEL E & FHRA 91.41 E 29.00 N 3810.0 TR BH R LK T
63 VU K B A Shhr 2 AR 90.55 E 29.27 N 3619.0 P 3179 e S
64 P AL B b & VAT 92.09 E 29.05 N 3680.0 TEER e A
65 PEIRA A B A & Ak 89.49 E 29.16 N 3856.0 {5 SRR Vel
66 VU H e ) BRI 2 SR 88.42 E 29.21 N 3860.0 R R LA Tl
67 PaE H w0 2L e H e S S5 H5 A 88.51 E 29.18 N 3838.0 Je H iR E R ey wh b
68 Va5 ELFL PG i) £ BV AT 87.58 E 28.56 N 4231.0 B3 R AR HET wh A
69 VU L2555 & A 88.35 E 29.09 N 4010.0 i Vel
70 VUG R H B2 2900 92.01 E 29.11 N 3608.0 945 ER R M
71 PR H B S ikt 91.55 E 29.15 N 3572.0 o9 % Ve
72 HE R 38 & KRR 100.14 E 35.20 N 2887.0 JNIERR Ve
73 HiREED) 5 R LEA 100.39 E 35.15 N 3296.0 H1% ey A
74 PUIGE - E N & R IR 101.31 E 30.27 N 3551.0 ANFEHR Ve
75 PUSEGHE [T AR 2 A A A 88.15 E 29.26 N 4010.0 A AR
76 PUSGHEE [T B A A 2 e 88.25 E 29.19 N 3897.0 oo R T
77 DU )1 T L\ R S Y dt 101.21 E 30.03 N 3154.0 LLF R LK
78 PUREAL K AT AR ARR 79.48 E 31.29 N 3700.0 LIBZNSR=¢ 1 VeI
79 PEHUALIA E AR £ LA LA 79.40 E 31.29 N 3670.0 HFNRES ARG
80 VO /2 BT A 8 £ SRR 97.88 29.63 N 3824.0 ik B PRI T
81 VA T L 36 K S R 97.43 E 30.03 N 3926.0 KEFHHR LK T
82 VUL L LI & SR 91.19 E 29.16 N 3576.0 LT RR LK il
83 VU AR EL R AT & BRATR 89.23 E 27.42 N 3153.0 A W T AR R Fh
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TR, 83 AN RIS Y5 ML () 15 K2 AP WTS AR M8 A 32.2—173.8g, F-HI{H 4 (46.5928+8.2573 ) g, A5 S R 4K
K 17.72% o ASRIR P AR S K22 it A WTS fEfE 22 5 (K 2) o TR B R ArcGIS 9.3 B 7F4E
Heasa AR (E 2) , WE 2 AT LUE Y, #s R WTS e s B T AN sl I, Hf . — M EA T
88.0°—91.5°E 28.0°—30.0°N Z[i] , AVGEHT /K MESRARER B T2 H g0 FLEE o0 i ah 4k it
T HEAC o B A A B 7 8 e D P e 3 i (L X, 3 — DXk 55 K 32 WTS -2 4F (56.1600+8.6587 ) ¢ 22473 5
—EA T 100.0°—101.5°E |36.5°—37.5°N Z ], AFF g2 TR  NIZEh oo i 5 e R AR JL R s (ELX
X — X IE K A WTS P37 (54.5000+4.1838) ¢ Ze Ay, [AIE, IAE 2 S8 W] LI Y, 5 6K = DR Ak 45 K WTS
B 7K SF- 53 A e AR 22 B L BEHRAR S 4  A

F2 AEREMHERERMIFRTHEN F 2%
Table 2 F-test of WTS of cultivated barley variety form different place
5 5 R R I ¥575

Variation SS & MS K P
X 41 ] Inter-blocks 15.3509 2 7.6755 0.718 0.4892
AL PRI Inter-treatments 15358.036 82 187.2931 17.525 0.0069
2% Error 1752.6957 164 10.6872

SR 52 2B Total CV 17126.082 248

SS: Sum Squares; DF: Degree of Freedom; MS; Mean Square; CV: Coefficient of Variation
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Fig.2 WTS distribution conditions of cultivated barley along the horizontal direction in Qinghai-Tibet Plateau
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SIPTRIX 53 ANHE AL 2014 A FITRISOR AR BE KR 71 TRLH 55 )50 b i s | b SR U it , dtvr 1k
BiRFE WTS 5N T Z MR C R IR, BB T,

*3 AEBEBERIEAEZ WIS HaHRR
Table 3 WTS distribution conditions of cultivated barley along the altitude in Qinghai-Tibet Plateau

TR /m RE R 18/ % AR5 B %
Altitude Sampling sites Average (0%

<2700 2 41.9500+8.0252 19.13
2700—3000 6 42.7167+6.9292 16.22
3000—3300 17 45.9588+6.7123 14.61
3300—3600 9 47.5222+6.4337 13.54
3600—3900 27 49.6815+10.0764 20.28
3900—4200 14 44.2500+7.2174 16.31
4200—4500 6 43.5333+8.2836 19.03
>4500 2 47.9500+0.1732 0.36
&1t Total 83 46.5928+8.2573 17.72

221 ARIEEKE WIS SHUHHE T L ZR
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R,y= —0.1631 R,,= 0.30622") (2)

M (2) ATRLFE G K WTS (V) B FEZAR I 2 40 Be—3 1 1 H IR E (X, ) Al B —Ral A
WIH AT (X,) BB — 0 BRI OR (X)) I — P 5800 (X ) R — RS AR A
(X)) BT — BRI R (X 5) JRTT—IAE IR K & (X ) (A — R K B (X, ) , T B — 0 BE
W1 H BRETE (X)) R —IhAE H R E(X,) A BE—RCT R AR (X ) IR — I EEE RR (X))
W — o BE T4 S H A 22 (X)) o BE—4RT P 3 AR H 25 (X)) I AR — Rl 8 S 29 A0 H 322
(X)) S — BEPF AR R BE (X, ) o3 BE—R T AR O B (X, ) AR — R B AR X W B (X ) L HH
H— 7 BEMARE K (X)) it P BE—3R T AR KB (X ) I SZ M AR /N
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[FIEE, AZ(2) AT LA 4R35 K3 WTS SHiE— iUt B R 5 fi i — s U 34 508 35—
RSP 400 H s hhis—nl DI K 2 00 D A DG 3R B4 TR 3] 10 35 B0 1 35 TE AR DG 22 ok, 5 4r BE—3k
I RIS i A DG R BOA B b 3 R 56 22 S KO B 5 R — 23 BEI P 8 SR R — Sl R AR
TR RE BT — BRI R K = A A DG OC R AR B B B VE (P<0.05) 22 5 . R IR AR fE IR 2246 50, 1 [l )3 Jy P 3 o
T 0=0.01 7K B PER g, R S5 T XA K2 WTS BA I 35 (52 e, H: i 52 ) A o 25 1Y) <4 IR
TR — AN K i R — AR A — R H R R S BE—R T I H R ORI T —4h
RSP H s . AR s I, AR B K2 WTS Bl A5 fil A —al 20 B IR A 25 A B — a0 7 34 3l L 3K
AT O H A2 AR — B B A R A 0 N 43 BE—HRT I H IR B S e T R R
HR T e Rk K WTS 5 se S B R Z R B A B VIR LR,

223 RIEHAKE WIS 5HERNTFHLR

BT A B ARG R E WTS 5 AP (X)) 2R (X,) 2B (X,) &8 (X,) . BA

(Xg) HBAHE (X, ) RS L (X,) 38 pH (EL(X,) 55 3R T (B AR R
Y=50.1515-0.0013X,-0.0076X, (N=53 R= 0.3407" R;=-0.1043 R,= -0.2921") (3)

M (3) ATLAF Y, BEMAREE K WTS(Y) 1) 3222 38 70 3R (X, ) R0 2 2 (X, ), T -4
AU (X,) BAX,) &0 (X,) 2 (X,) (X)) T pH [E (X)) B2 AR/, AL (3)
AT LA AR5 K FE WTS 5 - 8 mUsCe & 5 10 A ¢ R B0A 31 i 36 7 622 S5 K7, 5 R IR (X))
R AE G RBOR IR B 0 35 1 22 oK P, iRIEAR HE R 2K 50, i T 7 R Rl L 0 = 0.05 7K - 1) 8 35 A 5
B BB KAZ WTS Bl I R0 5 5 Ao /0 T 2 150, 365 B — B 1 JL R W] 8 5 0 28 A 5 T AR
FRFE WTS A%, (R RIT - 585 X3 KA WTS AR A TR 3] g 2 MK (P<0.05)

224 RIBEKRE WIS 5EEHFHLR

WL LA B AR DUE AR WTS 5 M BF flii— it H R Sl i — a2 <Ol 3R
AT Y AR H A2 AR — B R K | AR A 0 D A O R I8 Bt 2 mhA T A G
ZESKT, ER IS R T R 4 K WTS 19 52 I R B Q0T o AN 8 . R b, IR AT FH Bl AL AR AR [ 05 43 A
2 PR R KA WTS 520 35 1 iX 7 AR AT 1 BEALARAR BN 04T, ISR 4 FTLUE T 3X 7 N8 o ki
KFE WTS 50 M IE] /N I A A— B U R K > 1 3 RO B > 0 BE—HT 109 H BRI 500 il Al — il
PP B R ST — A B BRI RS — P24 0 H R 2SS AR B 3K — 5845 R S e il — i
WK SEE SRR BRET R R A BE—3K 5 10 H AR SRR — st > 35 1 — RO R H B2
FRAZ WTS BA BE W52, (Rl S i A S5 sl & e A 2 BE TR 3G K FE WTS A —E BYsZI

F4 AEBEFIHHEAEZ WIS ZIMHEZERE

Table 4 Importance value of different influencing factors on WTS of cultivated barley

HEE HEH
W oo RS ff
Importance Importance
Factor Factor
value value
ATk S BE—RAT I A IR
Precipitation during the growth period from heading 1.2574 Sunshine hours during the growth period from tillering 1.0778
to maturation to elongation
AL — RS H R A A — I 2 il
Sunshine hours during the growth period from heading 0.9535 Average temperature during the growth period from 1.0005
to maturation heading to maturation
=l T SR H
WA L& ﬂlf W3R H B0 ‘
. 0.8579 Average diurnal temperature range during the growth 0.9474
Longitude . . .
period from elongation to heading
TR R
1.0894
Soil available N content o
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AR SCHIFSE 25 5L B I, R 00 7 0 eSS B K 2 WITS BBREE R T T2 e R 2, LS 398 DX 22 el 1 [
F, Hoh SEm T R F AR A WTS 5N T B A — ) H R — BRI R H
2 JYEE—PONT IR B A AR — IR A R | N R A S N R
BURMILEE | A2 B IAEE 2 A, T AR K WTS ZE b AT 7 1a) L, S S 30 B HetR 28
Oy ROAR SRy T AP K TR AEDE I 7R B FLAE ST hndr kA ghE T hr e H
Shy e P T S 1 A T T DR KSR o A R R SR AR AR 2 N R WTS B E X 1
MBI E 7 ) b, S N B A RS R FE TR 3600.0—3900.0m il 4500.0m LA FIE AL 2 4> WTS B{E X,
T K — B 94 D R T R A [ 1 b 90 BT PN ) A 5 9 2 S o i G v SRR K2 WITS A o, X 51
Z2EH N KA WTS BAR 22232 SR b | BIst 7% 28 A0 s o), (0 A 858 DR 38 5% 22 Al o W0 b 35 o 144 9 45
F2 5 B 5 Bertholdsson TA Ay Fi S AP} 22 76 AN ARGy 18] K42 WTS A B 1 2846 s Mariano A R 76
Mo IR A BOK FREE T, K3 WTS 2SI B e 4 A I

AR SCRFE R W, 5 e IR G K2 WTS SR — b B BB 45 i A— 2 2 SR k1T —h
TR S8R H e 22 iR —pl I R K 0 S 3 IR SR R, IXC— B 50 45 SRS Ulla X 36 [ — b K3
(Hordeum vulgare ) 7 1 5t R 1 sE 625 H IEISHE] 5045460, KA WTS B/ 22 ; Novo TAh I 4 i TR
AR F RN o e WX K2 WTS 380" AR o84 3 — 50 (HJ2 5 Novo A AT 015 s O B D i K, A
FITF R IE e IX KA WTS ™) ; Guillermoa X 58 %9 b3V K 22 AT 20 48 S 2 I, Bt 5 2 75 300 ) 9L 114
FHER, WTS Bl B2 Petra X% &I 37 RN KA AOBFIT4S S 2 00, 24 7E 4 JEOR R BE A9 + 38R % e IE 9 4%
PR3N 2.5°C, WTS 10 4.0% > s Wei X [ K 22 URIEFE 26 W, BE 25 TR O TH 8, WT'S S8 I [ %) A A 5%
SRR, HIR R i AR TEHE
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