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PRI T 2016 4FF1 2017 4 5 FRFAAE I (4—9 F O TE PR 45 Bt A B /K R 45 6 i 38 37 3047, 58 s T
JE VR, W 2 956 m, HEF SR 8.5 'C =0 CHIAREE 3 134.2 C, Z4E-FH4E £ /K & 654.1 mm, FHXTHE
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) (grem™ (10°m-s™) (em’-em™) (em’-em™)
RE/m M=+S* Max/Min® M=+S Max/Min M=+S Max/Min Max/Min Max/Min Max/Min Max/Min
0~10 20.4+7.7 24.8/13.4 42.3+4.1 51.3/47.2 27.343.9 31.0/23.0 1.28/1.04 9.8/8.6 0.246/0.223 0.141/0.136
10~20 22.945.5 25.2/14.6 42.6+3.9 51.1/46.6 27.5+4.5 32.5/22.8 1.29/1.23 9.8/8.2 0.242/0.235 0.138/0.126
20~30 21.8+4.3 24.4/14.3 42.4+3.6 52.9/45.6 27.8+5.6 33.8/21.5 1.38/1.24 10.2/8.3 0.288/0.267 0.148/0.135
30~40 18.6+6.5 22.3/11.6 44.2+3.6 53.7/47.2 26.24+4.2 31.6/20.6 1.35/1.26 11.9/8.8 0.221/0.198 0.128/0.110
40~50 16.3+4.8 20.5/13.2 48.2+£5.2 55.6/46.6 27.845.6 33.5/21.5 1.26/1.18 13.6/9.2 0.219/0.205 0.126/0.108

M+ S KIRIIME +AR7EZE s b)Max/Min RoR i KAE /e /ME -
%2 XIe BB AL R
TR /om pHAE MR E/(ng-kg!) MR/ (mg kg WA E/(mg- kg SERE/% SHE~% SWEY% HHURE/%

0~10 8.79 6.51 39.17 55.65 0.03 0.17 0.39 0.59
10~20 8.61 12.62 40.68 143.67 0.02 0.12 0.49 1.31
20~30 8.63 3.29 38.42 74.19 0.03 0.12 0.49 0.78
30~40 8.75 8.67 30.45 50.04 0.04 0.10 0.44 0.61
40~50 8.62 3.91 33.81 71.18 0.02 0.15 0.58 0.52
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s 0 REBETSKE; 0, AT EEEKETIROFIZESKZE ; 6, AHAIFIKE,

PR RO a4 T, FRET4)5 1 RAR R AT R m N

dX(r) __ 1= e "
di e—cz(l -S) e_v‘s“ °

TEIR DA KA IBRIER T ,S=1,0=1, 3 H o b5 S. N, 1 R I AR M s R 3 v i 3%, Ak,
PR AL RS S Bt A 3B TK A IRAS XS T 7 FE T R S e SR AR RR s

B R R I, SR P R AR IR (O N Tabs , Hoat 508

c=cJic,, (8)
A CONR R E HIE R EHLE ZE (NHS -N FINO,-N) R EIKFE  Co AR R EARE BT A A KK
B A S R B R A (NOy-N: 1.62 mg/L,NH,-N:0.74 mg/L) ; C>Co 15 K, C=1. MZHTF1ERHF
R SEBR T AR A R AT R R -
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dx@) e dH

dt e—cJC—Q(l =S, _ e—c,S.,- efcz(] dt

Lo D)

v PYNONGNIYI ¥ IE SN L StE =@
O TAL, BRR B KT, HRRAEKAE LW, R RNK RS AR I RS AR 5.
EIOC AR , A A Y R A S RENE 1d 22 DN 1 3R RIFE R S BRED S A K &R

2 HBERE7H

2.1 HBEARSMBRRSHERETIRENE N

AYE BTSRRI B R A KOS OB R R, ARG SR AY) & RS R NR S Fos, HRRERN
[ AL B R 1 5 AR i AR A AT S AR B R RSO R . ZEAN R AE B i 1, 5 RRAE P i i 5 AN [ (1)K
JEALFR A B K ZE R LI A8 BB AR 9 AT 12, B S ASFI AL T 16 5 1.05 £5 A0 1.15 1% (il #
WD o AFRBIK KT ERRAE 2 BEIA P05 2 U A B AR ) = AR 3 RO IE 2 N 1.77
3.68+24.30-28.84 F138.90, 1M A~ [7 Jifi J 25 11 & 5 AN 4= & A48 573 R 505 794 0.119.0.360. 1.801 1.893 Fil
4.901, Yo AN [ 7K 73 Ab BE 26 A T AR A S R 450 X0 2 6 A [ it A A 38 2% 1 1 08 S R

A5 RRAREEREFTHAENS g/t
Ab JitEAE /K- (NF, F1) (NF,F2) (SF,F1) (SF,F2)

T 1.72 1.85 1.67 1.75

5y BEM 3.80 3.68 421 3.90

NI AT 25.00 23.60 29.63 26.50
Zpdi 28.60 25.30 30.16 27.50

A 38.20 40.20 38.50 40.25

1 A 1.90 1.63 1.86 2.20

5 BEH 3.65 420 485 4.50

ST T 26.50 22.65 25.60 25.50
T 29.50 31.21 33.56 32.10

il 35.21 36.80 40.10 42.20

T 1.85 1.63 1.77 1.68

5y e 2.68 3.56 3.89 3.75

TI T 26.58 28.65 25.56 24.32
T 30.25 32.52 30.26 35.64

Hh 45.62 47.30 46.23 48.65

T 1.62 1.75 1.68 1.78

7y BEH 2.89 321 2.99 321

VI T 19.68 21.23 18.56 19.35
ZATE 25.21 24.19 22.21 23.25

HhH 30.26 31.56 28.89 22.59

F 6 AN A 7K 43 AR Z R0 A B TR ARAE £ (LAD [ ELEE, P<<0.05 (132 35 7K T, it BEANEE K X T LAT
BB R 52 I AR R I 3 WK BRI, ASFEAC K T, LATAR 55 R 508936 BN 0.073~0.091, AR K 4

ZAE T LA S 57 2500090 N 0.069~0.148 , 1] LUE Y Jitd A & X LATAS 72 2R B0 s e Fe B % HL S el 40 ¥
ZHNT KSR LATH 500
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LREAR S AN 6 AT LA HY L /K AR T 7 BRAE K 5 M e 58 22 . 25 bt o it I 8 PO S i A ., A LU it
JIE 7K 73555 5 B AN - T AR 4 B A TR U A
K6 R A A ARG T @ ARAE R
AL H

e (NF,FD) (NF,F2) (SF,F1) (SF,F2) AREAAFET
(ND 1.52 1.54 1.47 1.24 1.44¢
(SD 1.41 1.47 1.67 1.55 1.52°
(TD 1.56 1.39 1.74 1.56 1.56'
(VD 1.34 1.11 127 1.17 1.22
AN [e) it A 7K 1~ 2 4H 1.45° 1.38° 1.54* 1.37°

VE AT SR FER S R FN S 5 B R 2 57 55 (P<<0.05) , MR Bk 402 & I F 44
22 BREKDESXAES
T B 1 T A AR T B A AR RIOR ORI TR R RS S R (K A A 8 7 R G 7
2000) 77 5 g HAL R - 103 7 B
%7 201652017 RRAREFRZE H5MAREF

IKIF AL AL Ak 2R PR &/ (kg-hm™) A BEEHY (D hm™) THLT R /g R /em
(NF,FD) 3384.3/3523.0 268.5/256.3 32.0/32.8 7.70/7.00

(NF,F2) 3457.2/3 450.2 250.0/230.0 31.3/31.0 7.80/7.10

N (SF,FD) 3458.6/3301.8 265.0/265.1 32.5/31.2 7.90/7.30
(SF,F2) 3523.5/3417.8 245.5/232.5 30.5/30.7 7.60/7.20

(NF,FD) 3 621.5/3 546.5 274.1/243.8 33.2/32.1 8.30/8.10

(NF,F2) 3526.8/3612.7 269.6/258.5 32.1/30.5 8.10/7.90

St (SF,FD) 3734.1/3 829.0 289.5/260.4 32.2/33.1 8.00/8.20
(SF,F2) 3 689.1/3 760.5 256.0/231.7 34.5/31.2 7.90/7.60

(NF,FD) 3958.1/3713.0 311.3/314.0 35.5/34.0 8.30/8.20

(NF,F2) 3821.0/3657.2 286.0/274.5 34.8/35.5 8.20/8.10

B (SF,FD) 4042.1/3 983.1 300.0/290.8 36.7/36.0 8.00/7.80
(SF,F2) 3923.6/3 764.9 286.3/266.5 32.4/29.8 8.10/7.60

(NF,FD) 2 958.9/2 896.1 256.3/245.5 29.1/28.6 7.40/7.20

(NF,F2) 3216.0/3 100.5 269.8/268.1 30.5/31.3 6.90/7.00

Vi (SF,FD) 3256.8./3346.8 287.3/264.0 31.2/32.5 7.10/6.80
(SF,F2) 3012.5/2 686.5 274.0/218.0 26.5/26.8 7.00/6.80

VE S ATE S BIERR 2016 SR AT 2017 A 1R 7 5 B HAA Rl o
AR B S R R R A CPE T 85 R NZR 8 Frvm e Horp Y X X Xa Xa 73 Sl 387 72 B A SR
FERIE TRy i B R K .
k8 AMRFAEZAEMRBAZWAIESTER

fibr Y X Xo X Xi
Y 1
X 0.964 2" 1
X 0.867 7" 0.863 1" 1
X 0.5672 0.554 0 0.500 1 1
Xy 0.767 3 0.693 6 0.824 8" 0.8357" 1

R KRECR T a=0.01 [H S MEXRURAT G, "R 0.05 [ T EXURA SR .

AN 7 7K B Ak 3 %o} 7 A A 0 A S 1) 5 ) B 28 T B0 B A [A] L 2016 451 2017 45 ST A3 [ 7= 5P 3548 b NI
m e R T 5.41%M 7.71% , Hor (SF, F1 AL 3 (1) 7= & > ¥ 5 LG (SF, F2) &b #1533l /51 6.3% A1 12.9% , (NF,
F 1AL FE 77 B P BIME 4 ) FE (NF, F2) Ab FRAK 4.48% A1 2.6 7% ANEIKPAEFE TR, P Bih 8 T B F 25 A
FRRGEEM T, P RAREERKF . ARKSERGEEML T, B 56 S0 ECR RN 5T
W E KRR OF ZR AR 0.80), HHIK 2 B KK R (J7 ZH 50 E 0.60~0.80) , 5 TR i & AH
KA OF ZRIAE/N T 0.60) o H T ARIFIKS FE R KM T, TR~ EE TR IEbr Z A E &
EFHIRR R, TR R 8 38 1o %o -4 o Jd R ASEAU., 7 R =
23 ZETFIERA TERE KIS IR

P (DB e eones T e 25 4 NS H, iR 2016 45 (1 S2il 3ok}, SR 45 R B ik k47 7 S 504
Ho B 1@ AARFERKA T TP R 2B E B 1(0) 2 2016 4F I 906 45 R (R
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(o) iy (d) A

B 2 2017 4FFARAL WA A= 52 MAA 49 bb AR
40 45 L /Y) Nash-Sutcliffe 2 £ £ A 5T s 25 Fo 1A T SR 225 Fe 28 3 MR AR 2205 51 8 0.914..0.041 A1
0.417 (4> BEJ5) 50.880.0.045 F1 0.448 (A 5 ) 5 0.855.0.052 11 0.479 Chit A B F11 0.844 . 0.041 F1 0.496 (i, 34
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HA) . Nash-Sutcliffe 2% E KT 0.844, K B SLE SEPME 2 (B LA B3 R 5 B, A 22 Fo 85 R 3R B
TE 5% MR E KT T AFERGENRWE . 4TI Fo/FAE 558 0.098.0.101.0.109 F10.083, % B ,
PR Rk B B 7K P (Fo/Fe<0.15) 6
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Growth Kinetic Mechanism and Simulation of Tibetan Hulless Barley under
Different Water and Fertilizer Condition

LI Yuqing', MENG Qiang', ZHANG Cun', ZHANG Wenxian', ZHOU Zuhao™
(1. Water Conservancy Project and Civil Engineering College Tibet Agriculture and Animal Husbandry College,
Nyingchi 860000, China; 2. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,
China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract:[Objective] The objective of this paper is to present a model to simulate the growth of highland barley
under water and nitrogen stresses.[Method]Field experiments were conducted in 2016—2017 at Nyingchi in Ti-
betan Plateau; during the experiment, we measured the growth of the highland barley under different combina-
tions of soil water and nitrogen stresses; their interactive effect on the growth was analyzed using the variance
analysis method. A dynamic model, including four variables, was developed to simulate the crop growth and its
associated dry-matter accumulation. The data in 2016 and 2017 were used to calibrate and validate the model, re-
spectively.[Result] The physiological development of the highland barley was affected by a multitude of factors.
The accumulating rate of the dry matter in the crop increased nonlinearly with soil water and nitrogen, and the im-
pact of each factor can be represented by a partial correlation coefficient. The mean Nash-Sutcliffe coefficient be-
tween the simulated and the measured dry matter was 0.872, and there was no systematic deviation between the
simulated and measured dry matter at significant level of 5%. [Conclusion]The simulated and observed dry mat-
ters were consistent. The physiological nature of the model means that it can accurately describe the growth of
the highland barley in Tibetan Plateau.

Key words: highland barley; Tibet plateau; multi-factor interaction; model; water content; nitrogen; soil
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