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Abstract

In order to reveal the dynamic correlation mechanism between extreme temperature and yield com-
ponents of highland barley, and to quantitatively evaluate the specific threshold, action direction and
relative contribution of extreme temperature index at different growth stages in Menyuan area, based
on the daily temperature data of Menyuan National Basic Meteorological Station from 1980 to 2024,
the effects of extreme temperature changes on the growth and yield of local highland barley were
analyzed by using climate diagnosis method and M-K mutation test. The results showed that the
number of frost days (FD) decreased for a long time, and the fluctuation of cold night days (TN10P)
decreased, and the mutation points were 2002 and 2001, respectively. The warm day duration index
(WSDI) oscillates significantly, with 2011, 2013 and 2020 as the mutation points and the mutation is
intensified after 2020. The fluctuation of summer days (SU) increased (abrupt change in 2000),
and the fluctuation of warm days (TX90P) decreased before 1997 and increased after 1997 (abrupt
change in 2001~2002, more significant after 2002). The median of FD is about 220, and the data dis-
tribution range is the largest and there are high-value outliers. The extreme temperature index had a
significant effect on the fluctuation of the nutritional growth period (sowing period, seedling stage
and three-leaf stage) of highland barley, and the tillering stage was relatively stable. The fluctuation
of booting stage in reproductive growth period was related to the change of FD, and the fluctuation of
milk maturity-maturity stage was gentle, and the change of 1000-grain weight was consistent with
that of panicle rate. FD and TN10 P were positively correlated with most phenophases of highland
barley, and negatively correlated with the number of grains. TX90P, SU and WSDI were negatively
correlated with each phenophase, and TX90P and SU were significantly positively correlated with
the number of grains.
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Figure 1. M-K mutation test and interdecadal variation of frost days (FD) of highland barley from 1980 to 2024
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Figure 2. M-K mutation test and interdecadal variation of cold night days (TN10P) of highland barley from 1980 to 2024
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Figure 3. M-K mutation test and interdecadal variation of warm duration index (WSDI) of highland barley from 1980 to 2024
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Figure 4. M-K mutation test and interdecadal variation of summer days (SU) of highland barley from 1980 to 2024
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Figure 5. M-K mutation test and interdecadal variation of barley warm days (TX90P) from 1980 to 2024
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B S b s, £ 1983~2000 4 L4 S ) M) NS, /£ 2000~2020 FEAE-2 Ffti ks8N, UF
A UB 428 AL T 2001 4 LA K 2002 4B, A B 7RI S 42 |5 2001 4F f5 UB H 24Rk% T FERI214L,
UF {EIZH8 K, M UB BT UF EAHZAS J5 AR 35 4, 2001 47 PL & 2002 4F 98748 55, 1 2002 )5
RATT N3 . TX90P £ 1983~1997 4 2 P A g /N AHRFE, £ 1997 Fd/l, £94 5, ZJE % 2024
RPN KRR, 2024 kB EK, 2404 65, WAA 2R EEWSEN, £ 1990~1995 4.
2000~2015 4 A3 B R K

DOI: 10.12677/ccrl.2026.153067

620 SRS SRR


https://doi.org/10.12677/ccrl.2026.153067

k|
Tft
I
Blid

3.3. MR SIRIEHFEFRIREM ST

H A S R TR B R IR () 6) W 1, FD AT 220 My, Bl AiiilmoR, HAFERER &
(AR R, RS = T oAb 4 NMEEL. TNIOP FR 80T 35 I, B VERIECR, fF7E— MR

BSRERL. WSDI FRALEERIE 0, B VER R, A SRR PR AR X 3

SU F A #h T 45 BT,

BRI ATE RS, AAAE— AR WAME B . TXO0P T 2407 T 30 i, BB/ AiAAx &, H—

AR TSR

300

hE
\
\

Eiafiﬁﬁ!i

TN10 TX90P

200

150

100

50

0

WSDI

Figure 6. Boxplot of frost days (FD), summer days (SU), cold night days (TN10P), warm days (TX90P) and warm day duration

index (WSDI) of hulless barley from 1980 to 2024
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Figure 7. Inter-decadal changes of annual sequence days of each phenological period and yield indexes of highland barley

from1980 to 2024, such as ear setting rate (unit: %), number of filled grains and 1000-grain weight (unit: g)
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Figure 8. The sowing date during the vegetative growth period (a) of highland barley from 1980 to 2024; (b) Emergence stage; (c)
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Figure 9. During there productive growth period of highland barley from 1980 to 2024 (a) Booting stage; (b) Heading date; (c) Flow-
ering period; (d) Ripening period; (e) Interdecadal variation of maturity and extreme temperature index
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1 SU Sk 2 B IEM, XREESDR B AR BN ER, R Th 5 S50
AP XS 55, W R IX PN FE b vl e 52 H At DR 3 B2 mT BE 3E K.

Table 1. Correlation coefficient between each phenological period of highland barley and extreme temperature index in Me-
nyuan area from 1980 to 2024

5z 1.1980~2024 [ TFEMX FERE MRS RinSIRERAEXRY
o HH = 1B &t Z Rl Eitipey TFiE FLIA D8
FD 0.066  0.086 0.108 0.160 0.096  -0.051  0.114 0113  0.111 0.113
TN1OP —0.014  0.031 0.034  0.115 0.024  -0.093  0.051 0.053  0.053 0.047
TX90P -0.080 -0.131 -0.135 -0.096 -0.127 -0.073 -0.156 -0.151 —0.148 —0.155
SsU  -0117 -0162 0170 -0.119 -0.158 -0.098 -0.188 -0.183 -0.176 —0.182
WSDI  -0.242 -0.267* -0.266* —0.224 -0.258* —0.204 -0.269* —0.267* -0.271* -0.278*

e *RoRil 0.1 MK .

Table 2. Correlation coefficient between yield index and extreme temperature index of highland barley in Menyuan area from

1980 to 2024
Fz 2. 1980~2024 [ JiFE# X ER =26 FIR I SIRIEHNEX R
il R A gk
FD 0.124 -0.008 —0.529*
TN10P 0.051 -0.018 —0.438*
TX90P -0.191 —0.049 0.509*
suU —0.204 —0.28* 0.557*
WSDI —0.288* -0.230 0.118

e *FoRiE 0.1 BE AR .

5. & 5itie

A SCH T TR E R AT R U6 1980~2024 4Fix H V¥, e BARIREE, #F78Hrilkom <R As
X T TR X FRRA KR B K= E I S, G500 F:

(1) 1980~2024 4F [ JJ5HE X 5 AN B ity S FE BB AL RRAE AT B 5 X 51, FD K336 98 (2002 458 4F) . TN 10P
W B /N2001 FE52AF), WSDI k¥ H.2% (2011 £, 2013 4. 2020 4E5435, 2020 4E )5 M0JE), SU H a0
K (2000 FEZEAE, 1990~2000 fEykANHH &), TX90P 1997 4ERT /N &I EN K (2001~2002 FERAR,
2002 4F )5 W) BECRERE b, FD W4 220, 43 A7 Vi oK LA (8 B B A, WSDI Hr A 430 0.
sy .

(2) HFREED I EERPRBNIFAE: AR LERF 60%~90%, Z5ITRiEU A LA
EHIEUEZ) 30, JFAEIA. SRS R YE EUE 10~20, R,

(3) M RIBHONT AR B2 BRI, BRI, . =S FD TR
SIREB AN VIR G, ABEH. PO AR E (A2 IR AR, AR AN TR E S 2y BRI R AR B
ORI AT, 2ol TR s) SR80 HIOC, THIEM D) 2 RE VR . FREEmRI . mig e
PR SfETE, L - AW E G T e, TRE SRR —E.
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(4) W RAR B SRR IR P B R Z A AE I AR ST : FDL TN1OP 5 2 B I AT 5%

b s 2 A% TX90P. SU. WSDI 55 5415 A 1 AH 5 (WSDI fpf et i), Hod TX90P, SU
5ok B R 2 IE A% .
E&InE
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