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Effects of Straw Mulching on Tillage Soil Temperature and Growth of
Spring Highland Barley in High Altitude Cold Region
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Abstract; Soil temperature influences crop growth and its grain formation in high altitude cold region.
Field plot experiments were conducted in order to investigate the effects of straw mulching on tillage soil
temperature and the grain yield of spring highland barley in high altitude cold region of Tibet, China.
Four experimental treatments, including straw mulching application rates of O ( control), 5000 (M1),
10 000 (M2), and 15000 kg/hm”(M3) , were designed. The results showed that straw mulching on soil
surface could adjust soil temperature significantly. Compared with the control treatment, average daily
soil temperature was lowered by 2.8 ~3. 9°C at seedling stage but it was raised by 0.4 ~1.8%C at other
growth stages of spring highland barley after straw mulching application. Straw mulching significantly
reduced plant height (2.29% ~16.53% ) and dry matter weight (3.98% ~25.93% ) at seedling and
jointing stages, but it increased plant height and dry matter weight by 3. 12% ~10.31% and 2. 17% ~
18.26% at the filling and mature stages of spring highland barley, respectively, and it significantly

decreased root mass density in 0 ~ 20 c¢m soil layer, but it was increased in other soil depths. Straw
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mulching significantly increased the thousand seed weight (4.65% ~13.95% ) and grain yield (4.30% ~

13.50% ) of spring highland barley. To a certain extent, straw mulching also lowered the spike length

and the grain number in each spike of spring highland barley. Generally, there was no significantly

statistical difference among different straw mulching application rates (M1 ~ M3) in soil temperature, but

significant differences existed among M1 ~ M3 in the growth parameters (except ear length and seeds per

ear) of spring highland barley. Straw mulching is advantageous to the thriving growth of seedlings and the

increase of grain yield of spring highland barley.

Key words: spring highland barley; high altitude cold region; straw mulching; soil temperature; grain

yield

5l

UG [ 38 X 7 24 ¥ 4K 75 B 7€ 4 000 m 247, <,
IR A, AR ORI B 128 30N, B 22 80K, J& T LR
v R DX O M X P R 1 A X
TR RS R A X IR E AR AR
EHEEREEWMEM . AN X TR, %
KRR, TR AW TR A K R 3—5 A iy A
JEI 9—10 A iy & AR IR A GRS a4k
AR PR R T O . R R S o B
i VR 7 R R U /NI T X e A 0 A K B, o
1 20 VU G 725 0 T X A AR 7 kR B TR
L

R R R EHOIR B 4 A AR RR . ME N
PE A K B T SR PR 0 R R 2 — , b M R i e
SRR BT 3R A i 5 AR
MAED T LR RS AT R A KR
RIEE I Fe A TR 25 T LAAE Ak A 0 3 T B
R PE G AR TR R A 0 2 K B
(19 B2 5 <, g ARG JHL 43 0 5 0 A A S T MG X
R R ) — s AR AR e
A% R e AR AR A R R Y . TER
L5 R PR R AN AT 1R
JE R T A R R R20~15em -
J2 10 W T 2 7E R B K AR K ORT I A K T R 0
AN AR R A R TR R X K2 5 em 1
PRHE 1.5 ~2.1°C Y oAb R AT B 55 00 AT ok 3 4k
ARAARB A K Ay 2 R B L eSS H
D B 3 85 S 23 L R AR 0 T B R A )
Ko EAFH 60 Bk — & W7 1, B 5 A
BB AR K R B LE R B 3 A B 8
11.3% 0 A7 o 1 AT 4 5 4/ 2 A SR 8 s b |
TR AR 7 R 17.85% 0 REATE R
o7 AR B0 P T 488 19 T 47 4 LA B A 7 52 B 195 00 0
— e B A M T AR A B A R T 26 A A
R TR AN B 5 BT N E

il

TR 2 AR RSO A RSO
BORMBEESE R w0 o B A 9 R Y
SO B TR e AR B AR OB 1 Y
ATV AT 2 S L L R A R
LAy 7 5 W B BE S T AR rp AR AR T A I i Y
DX {5 K RN SR AR X K 9k
R RGI2ER AR A BTG 5 1 TR R OE X, A R
AT i X SRR D AR T PR AE RS T 114 B 5 S
WARE o % T, 7 S8 o R AT AL 3 X A 4 R
JE LA L A 71 B AR A IR B B2 W Y AT 5, A O R v
TR ey VA 35 9 DX AR A 10 1 A 7 A B 0L BB K A0

1 #REFZE

1.1 XX

T 2014 4 5—10 H #E P4 L 3 36 X H g |
Hiy DX AR B} 2 AT 5 Jr 0 R 3K 6 3k 14 37 TR B PN AT
RIS T 88°53'E,29°15' N, ¥ ¥k /&5 i 3 836 m,
ML X AR H BRI 3 248 h 4R 6. 5°C , T
FE W1 103 d, 4F BE K & 2K R a4y 0 o 433.2
2249.6 mm X In V-3 1 R IEE A 1.0 m, |
2N ERA T KR R T 4.0 m, 4 3% 5T
MR HE £, PR F N 1.60 g/em’, H [H] FF 7K
(BTE&KFE) N 17.3%
1.2 RIi&it

DR AE 2% 3 50 /0N X SRR O SR ) — Bk,
FER 0 /N DX A B0 IR 0 G — BB T 4%, H 7R K
B X R B 2 m sE AR A X b 3R 55 AR R
2~3 em KIHEE R, Iz 4 a2, fh
MHEmE SN 0, CK) 5000 (M1) .10 000
(M2) (15000 kg/hm* (M3) . & 5 /]y X R T Bl AL X
A E (K1), BA/NXTEA R 3 m x3 m, £
NRZ (8] 40 em FE Y - SERE B SR B L K 4
M, 2% /0N X D] 35 B 90kt S B 7K, 9 ) s 3R Oy
80 em BN 3 IREH

HH MR R R Oy E AL 22 5, T 2014 4
517 HEERP,10 A 14 H iR, 32 150 d. HH R



%2 1

W2 X0 45« AT B 2 0 i 10 4R 9 X R 3R 4 55 R AR KR 52 i) 153

BRI

CK Ml M3 M2

¥ M2 M3 cK M1

X s

Ml CK M2 M3

| BIFR |
BT R/ X A R
Fig. 1 Experimental plot layout

AT MW A 17 H—6 422 H) 4K
W6 H23 H—7 H 23 H) fi#@M (7 A 24 H—
8 H 10 H) JERXKWI(8 A 11 H—9 J1 22 H ) FIa#
W9 H 23 H—10 A 14 H ). 48 Y4 ™ > 65,
R/ DX HERTHE K, T 178 R 235 H &K 25 #
B o AR i P R o o o 0 e A i, B A I i T
iR — A (N i 050 18% P, O, i i 73 % 46% )
150 kg/hm’ FIJR Z (N it 58 434k 46% ) 150 kg/hm’ {E
HIRNE . & BRI, 178 (25 cm)
M, 3 Fh Ol 300 kg/hm® o 57 BR R 06 S 11 00 75 AT
i, FEREFP S A 2 R MRS RS
WEGEESE NN ELE, EEREFTHANAE
JIES, B e 3 o 7 v 5 P i) AR L i e 2 b A% 0
SIS o AR K 0 e T A, SR PR R 48 3E
XA T PRS0 78 o v R, K K Rt B
W€ # 2 691.4 mm, 78 5 3 (8], B F9 M B K
08:00 FTH,20:00 5[], H 05 J Hiy X 1% ] i 7K A %
16 80% LA o A5 F R AH 38 B K, T il s O P 7 W
0, B 7K A% 1k 5 ER AT T o
1.3 JEHERENERFE

TG N4 AR b IR 23 0l A B &N X
ERATIEIAY 5,10 15,20 .25 em REEAL . | T [H] 42
SR A HRAUR 2 i 22 b iy, IR R 1 5 5 B
B R DL S B R R 6 - 1 BE ) AT g Y
WA, 7E £ A= 0 A 43 ) 3 5 I R ARG 2 3 d e
D2 5 22 38 Ui 2 R HH B) 50 em g5 B2 AL 1 A<, B
3.d BYFIIE AT B AS [A] Ak 38 4 0 B H AR Ak 2 B2 R0
A TR DU E I R] 4 5 6 A 8—10
HOH ML, #M)G 22 ~24d) .7 A 8—10 H (K151,
FEAhG 52 ~54 d) 8 A 8—10 H (i, #Fh 5 83 ~
85d) .9 H 6—8 H (MMM, HF5 112 ~114 d) LI
F10 H 3—5 H (B, #6Ffh 5 139 ~ 141 d) 19
08:00.10:00,12:00.14:00.16:00 .18 .00 FI 20:00,
SEFRE BRI N B SRRl s
UV BT NE RORATE B NS AN B SN ) & I
X R

TEA T PRETW , A F 7 T AR A SR AR O
TEAAET W, BN X HC 10 BRA AR VA R, I 2
Hotkm, IFH L Hm DL B TR . TEWORET,
/N X FEALE 30 F8 7 BRI LA R R B, 45
AINIX A R S, B s 0 e TR BT S AR R
WA R, WK S, AR B X & AN IX 4y 2L,
20 cm — 2, HUFE 100 em WAL, PSR VEA R 5
TR FR I E AR
1.4 H#ELIE

A B S H Z ) i 2% S W T ORI SPSS
21.0 B k47 B W R J7 22 (ANOVA) 73 #r. 24
ANOVA ) F %31 8% (P <0.05) B, % H &/ i
#7225 (LSD ) K 46 125 X 73 HO P S 1Y 22 53 S 1k

2 #R

2.1 BHHABEEWNIEEENZMN
2.1.1 TR H AR

AFER IR T AT RS AT MAE S .15,
25 em WAL SR 3 d B 4 SR A A H e SR
HARE SRR UL 2. 10,20 em P B2 AL 11 4 398 i B AR
AT 5,15 em LI 15 .25 cm Z 8], N LR %
R o b IR LN A A b TS I RS )
BOR AN R Z ] — B . IR W B
REGMARUE 2 . K2 (5 em) LR E S H H <R
ARSI TEA AL, HE R 1 2 SIS KR /N
1E 16:00 724735 3 f K AH (K 2) , 31X 5 5% S bt
FEAE RS em WAL H e R
BLB ] T A B ST 45 SR S 20 2 h Y
BFZEGERN . A TR RIS, R H AR
e FRE W ke G2, 7E 25 em PR FE Qb FC W8 R AR 2%
ARS8 H 5 (08:00) (# (20:00) DL S 3 A
ST Ay S B R T ) AU T e ) 0] AR
FH ]S o AN R R FF 3 35 1 (M1 ~ M3) X + 38 H it
JEE AR R AN S
2.1.2 THORERE )RR

AN TRl g0 b B A5 1F T B 7R 0T il A 0 RN A
BUMESE 3 d B2 1 R R BE 2 IR 0 AR e L
P 3o YT SUD R A %) - L R B )2 TR AR
PR A 1 15 R DA A A 5 B = )
(ARG 1) o 08:00 183 B Bl 1 J2 U8 B 19 3% in
T 18 R 5 G, - U il 2 R R A I S e
;% 20:00, + R BETE A TR I FE YA
oA 3) . ik B 22 H R EEH N
(475 A i B 2 R T 0% 2 - 48, FLHL AR Ab TR B W7 52 i)
2 25cem DIF (K 3) . AFFEHHE (ML ~M3)
XF R Z R E AR AR ERE



154 P S| 1R A I 4 2016 4
©)
g
P}
m 25
#
H 20
—a—M2
—e—\3
10 . : ‘ . . ; 10 : i . : i ‘ 10 : . . . : .
08:00 10:00 12:00 14:00 16:00 18:00 20:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00
B % B % e
(a) LS emt+ 2 (b) HHEA 1S em T2 (c) W25 em T2
25¢ _)K s AT
&) &) X L —A—M2
& < 20t . —e—M3
i m ) x x
g g ;
-+ H 15%=
10 . . , . : . 10 , , , : . " 10 . . . : ; :
08:00 10:00 12:00 14:00 16:00 18:00 20:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00
B % B % e
(d) WS cmT 2 (&) W, 15 em+ 2 (0 7,25 em + 2
)
g
s}
i}
H
_H
10 1 1 L 1 1 3 10 L 1 1 1 1 3 10 1 1 I 1 1 1
08:00 10:00 12:00 14:00 16:00 18:00 20:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00
B % B % B Zl
(g) A5 cm L2 (h) #HFEHA,LS cm -2 (1) $hFEHA.25 em =
©)
g
P}
g
#
_H
—e—\3
05 ’ . ‘ ' . y 05 : ‘ ) : ; . 05 . : . . A ,
08:00 10:00 12:00 14:00 16:00 18:00 20:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00
B % B %Y B Zl
() BEFHScmtE (k) RIS emT 2 ) BEFRH 25 emT 2
20
I SRR > G > O
151 UK
s LA A =
i o X
= A cooeo- AT
o gk 05T ——CK
+H +H —a— M1
00 —a—M2
—e—\3

05 i ; i A i .
08:00 10:00 12:00 14:00 16:00 18:00 20:00
e
(m) FEAERS em T2

& 2

05 —_—
08:00 10:00 12:00 14:00 16:00 18:00 20:00

B %Y
(n) I 15 cm T2

05 . . . " . )
08:00 10:00 12:00 14:00 16:00 18:00 20:00
i %)

(0) WA, 25 cm T2

AN TF) AL B BRAS AR B UILE 51525 em JRBEELE 3 d P-4 4 MR A0 I )R (AT) H B
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farmland at various growth stages of spring highland barley under different treatments
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Fig. 3

Changes of mean soil temperature at 08:00, 12:00, 16:00 and 20:00 during consecutive 3 d with soil depth at

seedling, heading and ripening stages of spring highland barley under different treatments
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Tab.2 Root mass density at 0 ~ 100 cm soil depth under different treatments kg/m’
i TR E/ cm
0~20 20 ~40 40 ~ 60 60 ~ 80 80 ~ 100
CK 0.916 £0. 020" 0.215 £0. 004" 0. 137 £0.015* 0.107 £0. 003" 0.081 +0.008"
M1 0.888 +£0.015*" 0.230 £0.023*" 0. 147 £0. 009 0.114 £0. 008" 0.087 £0.008"
M2 0.818 +0.021" 0.269 +0.013" 0. 160 = 0. 006" 0. 129 +0. 014" 0. 104 £0. 004"
M3 0.808 +0. 034" 0.282 +0. 006" 0.179 +0.007°¢ 0. 140 £0. 002° 0.112 0. 005"
®3 AELENESRFEFEREMEETF
Tab.3 Grain yield and its constitution factors of spring highland barley under different treatments

b 7 K/ em MR B Chi- ) ThFT R/ g FEB 7 i/ (kg-hm ™?)

CK 7.1£0.6" 64.0 +6.8" 51.6 +£0.7° 10 436.3 +373. 4

M1 6.7 £0.2° 62.8+1.1° 54.0+1.6" 10 885.5 +145.5*

M2 6.3=0.3" 62.0+2.8" 57.4+1.6" 11581.4 +209.9"

M3 6.2+0.7" 59.3 +4. 8" 58.8 £1.3" 11844.7 +407.0"
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