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Abstract: Based on the data of rice growth period in Dongfang and Ledong, main producers for rice seed reproduction
in Hainan, and the meteorological data from 1971 to 2020, the Penman-Monteith formula and crop coefficient method
and the method recommended by the Soil Conservation Service of the United States Department of Agriculture were
used to obtain the water requirement (ET,), effective precipitation (P.) and water deficit (D,,) of rice seed reproduction
in field period and early, middle and late stage of field period. The change characteristics of water supply and demand of
rice seed reproduction in the two regions were then analyzed. The 50-year average value of ET, in field period of rice
seed reproduction in Dongfang and Ledong was 400.2 mm and 322.3 mm, respectively, the mean value of P, was
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45.7 mm and 84.3 mm, respectively, and the mean value of D,, was 354.5 mm and 238.0 mm, respectively. The ET, and
D,, infield period of rice seed reproduction were mainly distributed in the middle and early stages, accounting for 72.4%
to 85.2% of ET. and D,, during the field period. The P, in field period of rice seed reproduction was mainly distributed
in the late and middle stages, accounting for 78.2% and 85.6% of P, during the field period, respectively. In the past 50
years, the ET, and D,, of rice seed reproduction in field period and all growth stages of field period in Dongfang showed
an increasing trend (the increase in field period was significant), while the P, showed a decreasing trend. The variation
trend of ET,, P, and D, of rice seed reproduction with time in Ledong was roughly opposite to that in Dongfang. In the
past 50 years, the water shortage situation of rice seed reproduction in Dongfang was significantly worsening, while the
water shortage situation in Ledong was easing to some extent but remained severe. Effective measures should be taken
to mitigate the impact of climate change on the rice seed reproduction. In the past 50 years, the main reasons for the
increase of ET. and D,, during most growth stages of rice seed reproduction in Dongfang were the insignificant increase
in high temperature and extremely significant increase in low temperature, or the insignificant increase in high temper-
ature and sunshine hours. The main reasons for the decrease of ET. and D,, during most growth stages of rice seed re-
production in Ledong were the insignificant decrease in sunshine hours, extremely significant decrease in average wind
speed, or insignificant decrease in sunshine hours and insignificant increase in precipitation. The results of this study
provide strong support for rational water use and scientific irrigation scheme for rice seed reproduction in Hainan prov-
ince under the background of climate change.

Keywords: rice seed reproduction; water requirement; effective precipitation; water deficit; multiple regression; Hainan
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Tab. 1 Growth periods of rice seed reproduction in Dongfang and Ledong
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Test site Transplanting period to booting period Booting period to flowering period Flowering period to mature period
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Fig. 1 Average values of ET., P, and D, at each growth stage of rice seed reproduction in field period (A) and their
proportionsin field period (B) from 1971 to 2020
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Fig. 2 D,, of rice seed reproduction in field period
and various growth stages of field period
from 1971 to 2020
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Tab. 2 Climatic tendency rates of ET, P, and D,, of rice seed reproduction from 1971 to 2020

mm/10 a

75 J7 i Dongfang city

JR# H Ledong county

0 gy RHEMET

Index

RIS KRR

e 1 4 KRR RETRE KRGS

Fsdperiod L SR Miadpenod Tieid period  F1e0PeIOn i ST ot feld period  feld penod
ET. 57 24 1.9 1.4 4.3 -1.8 -15 -1.0
Pe 2.9 -01 0.8 2.0 0.1 0.3 0.1 03
Dw 8.6 25 2.7 34 4.4 -2.1 -1.6 -0.7

E: "FRAEARE (P<0.05),

Note: * indicates significant change (P<0.05).
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TRXT ET AL kR A 23.4%, EiR S ET. 2k Tt (K Efim 2N 0.2 °C/10a), HiRTFE
BFEIEME (WAHERECH 0.422), 1971—2020 53 ET 00, Lhn ET HAER, AT
AR 5T R BOKRE I AR H R E R AN B K A S R ET AR R sTik o IE BTk, DA

*3 |EFAFEEEKBHH ET. A D, MRIEXRB R TEKE
Tab. 3 Partial correlation coefficients and contribution rates between meteorological factors and ET,
and Dy, of rice seed reproduction

TCSTR T g KR i L SR ST
Test site Index Item rect pite- Average tempera- Low tem-  Sunshine vapor Average
tion temperature ture perature hours pressure wind speed
AW KGR ET. MWAHCRE  -0.093 0.123 0.422"" 0.194 0.816" -0.846"  0.839"
T 24/% 0.7 12.2 23.4 1.3 15.7 25.0 1.7 0.974
KH P ET, WAHXHRE  -0.102 -0.103 0.704” 0668 09307 -09117 0917
BT % 0.7 4.0 22.7 19.2 20.1 18.8 14.5 0.987
KW ET, WMAHXRE -0.111 0.025 0.717" 0.759”"  0.933" 09507  0.964"
Tk 2/% 0.7 0.8 175 22.5 18.8 19.3 20.4 0.992
KHI ET, fAHE RS 0.276 -0.171 0.657" 0589  0.842" —0.868" 0872
TTHR /% 2.2 8.7 24.0 21.7 11.7 19.0 12.7 0.963
KHWIETY D, WAHCRE  -0.784" 0.100 0.227 0.107 0.675" —0.687" 0.693"
BTk 24/% 13.0 14.4 16.9 8.9 14.7 215 10.5 0.947
KHEf P D, WHEERE 07857 -0.223 0.451" 0.496"  0.786" —0.705"  0.645"
TRk /% 12.3 13.7 17.9 19.0 15.6 13.2 8.3 0.945
KMAYEY D, WAHXFRE  -0.901" 0.128 0.200 0.293 06517 -0.761"  0.669"
Tk 24/% 28.6 9.0 7.7 13.1 13.8 16.5 11.3 0.966
K H I Dy, A &% -0.609™ -0.185 0.426"" 0.502"" 0734 —0.722" 0721”7
BT % 7.9 13.0 17.9 23.9 11.2 15.7 10.3 0.918
SAEE KWWY ET. WAHXRE -0.189 0.155 0.238 0.088 0.942" -0.604"  0.889"
Tk 2/% 1.8 12.1 10.9 4.0 385 12.3 20.5 0.975
KM ET, MAHXHRE  0.005 0.150 0.614"" 0.202 0.989" -0.753"  0.960"
TRk /% 0.1 5.1 13.0 4.2 51.2 7.9 18.6 0.995
KEWJEW ET, MAHXHRE  0.002 0.274 0.598"" 0.144 0.973" -0583"  0.962"
TR /% 0.0 7.6 14.4 2.4 433 6.3 25.9 0.990
KW ET, A& E  -0.052 0.073 0.297"" 0.244 0.958" -0.397"  0.893"
TR /% 0.7 4.3 9.9 10.2 44.9 5.9 24.0 0.971
KHEHTE D, MWAAEFRE  -0.8127 0.122 0.163 -0.067 07317 -0.383"  0.647"
TRk 24/% 20.1 15.0 11.6 48 235 10.8 14.3 0.927
KB D, WAHXFRERE -0.858" 0.325 -0.125 -0.285 0.821"  -0.150 0.576""
Tk R/ % 24.2 24.4 45 12.7 23.7 2.3 8.2 0.955
KEWEH D, IWAHEHRE 0895 0459  -0.126 -0.339" 0.441"  -0.069 0.383"
k% 36.6 28.4 5.1 12.2 10.3 1.2 6.2 0.944
K H I Dy, M Z% -0.851" 0.358" 0.005 —-0.298" 0.826" -0.139 0.688""
Tk /% 24.3 24.9 0.2 14.0 21.7 21 12.7 0.950

W FORBLEE (P<0.05); TRAREMMEE (P<0.01),

Note: * indicates significant change (P<0.05); ** indicates extremely significant change (P<0.01).
W EHE, AIAfE AR DT T RURZAR B m BoKRadIA e AR sTiR IE R A, TR — 20 DT ik B DTk R
B R R R B Beass AR ML ETe M D KR/l 2AUHEY , 48R IR 5.
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R4 1971—2020 FEREKEHMEETHESKE FRHSEREZER
Tab. 4 Climatic tendency rates of meteorological factorsin different growth periods of rice seed
reproduction from 1971 to 2020

Wk Bt ¥R v%‘iﬁ IR ERIHinR IKIKIE -2 R
I AF BB Precinitation Average High Low Sunshine  Water vapor Average
Test site Growth period /[mm-[()lo a7 temperature ~ temperature  temperature hours pressure wind speed
fc-(10a™ /c-(10a? /[C-(0a7 /[h@10a™ /[hPa(l0a"] /[ms"(10a)7]

KT KHBETHN 15 0.3 0.2 04" 2.3 0.1 -0.1

K H e 0.4 0.2 0.1 0.3" 15 -0.1 -0.1

K5 A -8.8 0.3” 0.1 0.3 0.4 -0.1 -0.2"

K 7.7 0.3" 0.1 0.3" 4.2 0.1 -0.1"
AR KHBIETH 2.4 0.1 0.2 0.1 -3.3 0.1 -0.1"

K A -1.3 0.1 0.2 0.1 -1.8 0.1 -0.1"

K H 22 0.1 0.3" 0.1 -2.8 0.1 -0.2"

M 3.3 0.1 0.2" 0.1 -7.9 0.1 -0.1"

E: TRREARE (P<0.05); TFRAEHEE (P<0.01),
Note: " indicates significant change (P<0.05); " indicates extremely significant change (P<0.01).

F®5 1971—2020 FH M EKFEHM ET.#1 D, WEESKEATF
Tab.5 Main meteorological factors affecting ET, and D,, of rice seed reproduction from 1971 to 2020

IETTRFEIT R

R ek ERBTRAT sy BT EETENT
Test site Index Meteor_o_loglcal fe_\ctorswnh Meteorol_oglcal fa_lctor_swnh ologic A factorswith Main meteorological
positive contribution negative contribution o factors
the top two positive
contribution rate/%
A5 KHEWIATH ETe wilk. FAREAE. iR G KV SFRE | Bk 62.4 . H IEETEL
RHEBIHIA ET. mild. HIREE (R, KEE. SFEXGE | 2 525 [ = RN
Wk B
KHEWGEI ET, KR, K. BB, S, P X 52.5 G . KA~
il Bk
KHW ET. il MR H RRRTEL KPR PR iR 79.7 i AR
Rk
ROWIHY Dy #oik . BRSS9 IR KV BEKE SE X 57.6 . H AL
REMHH D, AR, mil. H R KPUE. Bl PR RE 474 R iR
WKk &
REWEH Dy Bk, KA. HERRE, R, PIXGEH 50.8 Bk, KR
KHH] Dy TR, Wik, B IEAE Bk KRR Bl PR R E 68.6 (S
RARE RHMRTHI ET.  H MBS, PRIRGE, KIEE. Y. wi . R 80.7 HBRETRL . P X
Wk B
KA ET.  H R, PR . K. R I3 T S 91 89.7 HBRETRL . P X
Wk &
REWEH ET.  HBEEE, SFXGEE . KAk . PR R 91.6 HARE R, P2 X
R ET, HBREPRL ., P RGE, KVHE R . Wi ¥R 91.2 HBRETAL . P X
Wk &
KEWIRG Dy AMEEE, BokaE ., P, KR R, &SR 69.6 AR, Bk
KEWIHHI D, AR R, PR, SR, . BokE 710 HAEm 4, G
KIS
REOWJEW Dy ks, IRIE . AMRESEC PR, R 68.2 Mk, AR
. KR
K Dy Mok, HERE RE., PR, SR, &R 615 Pk, H BEATEL

K
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WAL, IESTECRHETERT 2 (VRS
K F BTARR 2 F0 5 BT A IE STRCR Z FIY 47.7%-~
91.6%, kT 50.0% (£ 5), X 2 1M
G T 1T A R i K A P ETC RN Dy 2B TR R
HARN, HbE SO EERNTF . Rk, 5l
L 7R T RS KRG RO O R R R ET
F1 Dy B9 32 ZE PR 5 A v R R R % R A H
TR, R 4 n[H, EiRAF R B EIRYA
BETHE, mRES R BE T, B R A
RN, LI R RS B T AR B T
e B R RS S T L BB EROR S 3 5|
e FiRA T OB ET A Dy B A 58RI ; K
5 104 = R AR IR RN K 97 B K R AT K
R, AR BREN 2 ETHE, BKkEAR
FW, KRR B RGBT 2 T
1o HZRPREAS Jnb 2 B AR Bl B3 7K o ANk 3 i 2D HLK
VR B 2 PRI R BOR U S B ET A Dy 340
M EZRA, MRARENEEA R ES, 5%
AR LR K R AN R B R A AR B B BT Uk
DR F R I H IR ECRSE RGE , Ti_EaA
W B A H R B0 AN R, T2 R 4 4
HIRAE, ULEA H RS BOR 1 25 8 L35 KU
BERACE BRI AL F B ET: i
SRR 5 R A R R L R Dy, B i 32 8
7o HBR B ESORT R 7K Bl H R SO,
WAEB W B BRI SO R B b, TR
ANEER, RS EETE, SO H R
TR UNEN T S NTE S ) AR R iR N A
e R E R (i N A =P ] el e YA ol = M=
Dy I8/ 19 EEFE N . KIS ] Dy Jsi i £ 2
P N K B RMIRIR , 4 7 B B K R
BN, IR TR, I MK B R 2 R
AR A BT S e R KIS Dy Wb
FEERH,

3 Zit5itie

W2, 1971—2020 4E 75 5 i M AR 45 EL B
ZOK AW A OR B ET ¥ {E 400 A 4002,
322.3mm, KHMHA LT B ET. HHI>ET>E
W1, fFEKREET SRS ET eh/hRIk, Bl
REVNAS A BT (B KH ET.
FEARE T AT, (S RKEE BT 0 Bz A
3 T2.4%F1 74.9%; 7575 TH FlAR Z5 B K
P. HIH 4K 45.7. 84.3 mm, K& ALETH

Bt PeJe A>T A>T . ORI (B ) M
PRI E N TN LN =8 C DO U E R S B o N
Sr8Ih 3. 4.5 A, 3—5 ARKEZH U B,
PRI S350 Pe 2NIZ H 3400, 2575 T ok 45 -E R 1 48
Pe ¥ T B AGAE G . T, KA L] 2
539028 78.2%7F11 85.6%; K ] ET, 250 A fEH |
AU, T, mTH Pe AN, (HRHH Pe i
el 2 F13 50 R 52.6%F1 48.6%, 3 oK e
Hil A BUEAK T E, T (H) B KR
Fp R I RT3 Dy, i KA Dy, 19 E 1 22 A1)
BIA 75.3%F 85.2%, SLPrAirEr, ARARE
KRR AR B B BE 32 2 R -, A
S5 S BR B AAT . 1971—2020 4E 25 5 T R
FKAFH R A A B W B R AR EOK, T
IR BRI 225, B EOKRE SR IS A
AR KA B4 G, TSR T (&)
B KA AR A A B W B R
()15 7K TE R A

1971—2020 4 7R J7 i B Z K A il b o FH 1A 4%
EHB ET YRR ER N, KEW ET, B
I, S g 2Rk 5.7 mm/10 a; R FHA K H& R
BB Pe A E WA KIEWIA AT B Dy
PR 21800, K Dy, i3, S A 5
8.6 mm/10 a, AR AR BB ZK R il AR I A
SEFB B ET BIA R 9 ; Pe BRI H )5 ]
AN GE R A, A R T L AR
s KA B LA A BB Dy ¥R B 0800 . AR
75 i1 EOK R RO A B Y B Dy 7R3,
FLR 4 0 225, FRIIE 50 a 7R 5 Tl B 2K FE
HlAD K E 3 #5708 . SR AR B KR ]
R 31 K He 4% A B B Dy B 00, B AR
7R EL i EOK ARG H b B AKOE 38 BT 5% fig (AT i Sk 7™
I, PHIL, T REUA SR, Qs A b Bk 5
e . BEHPUR AP, DA S AR LS T
i CE) BRI ™ bt Sk 14 52 )

R AHr R, RN W T LRI AR
ETH o RN B TR L H R BOR B R
i1 o Ny R REaR ) NS @S G T B
ETc F1 Dy, 30N 227 A 5 AR IR At 32 v HoK
TR 1 35 PR AR B /K A I 2508 KRR AN
8 2 AR S BUR Oy T K S B ET A Dy 34
M FEZR . H BRI 23 FLF- 2 XU
I 2 PR S BUR 7R B ZOKARE R o A R
SAEBWEB ET A R 2R H ESOR
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F W HE K N i G N as R RO 2 s
> FARHR AN 8. 35 T 2 5k AR 2R B R SR A i A
DRI K HCT . 3 Dy e/ B £ BN, Bk &
A S ELAR IR AN S 2 T e 5 D AR AR SR
BRI Dy i 2R . ST, iAo
T e ELAR IR 35 T sl A 2 T L H
SRS AN S 25 2 5 RS 2R 75 T g SRR ol o R
LR B BE ET A Dy, 38 I A0 2 A 5 i H 18
PR e 25 i/ LY 14 RGN S 25 A AR i R s
BN B2 W00 HIRK A B E I TR AR AR
T FOR A i B R 22 80 7 BE ET A Dy 9820 Y 32
BRI L KRG RN ET Ml Dy ¥ RAESHEY
R (ETo) WYAEAN Bt smassl, HY
ETo RIEMX, BMEEPLRAMERRM SR
WX Z AR AL S BTk, DR R T
HF (3—5 H ) ETo H Ay 32 2 DA 2 FR ARl Al
Bt R, TARARE RS ETo b (i 32 25 A
J2 H IR RO D AP S XGE PR . ABEEE RS
FOREOMAT, UAWIR 2t [ J7 6 2 M 20K
il Ffr ETe A1 Dy, AL R VIS 0] 47 o ARFFELE R
A AT 5 T R R SRR RS B
Kl E R RE T AR A ) S
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