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B R AT Y AT R X B R T 5 KBl 1 2 U ik, I
20 aft) F34 B /K &705.1 mm, H %K EEPAET—9
H G 2ERKE165%~T75%), 7—8HF¥H &
SHRN32 Co I TR E B N A B BEE 2
(0~25 cm+t)2), THERAUCARE L, HFBREN
1.46 glem®, HJA]FERF/KZR (field capacity, FC) A
27.09%. #2135 4% - ~0.78 g/kg, i fiF & & v56.4
mo/kg. AL E10.5 mg/kg. AT ES52.6 mg/kg,
HHZ B WL 2 49.8 g/kg.
1.2 R

IKFE LR Rl 3R FE008, Ja AT A i K S L,
4 EM138d. ¥RE97.4~98.1 cm, HRIXEE, JrEE
Jio, ZEFPHDH:, SIMHEE. 2018455 H7H #&H,
KHIEER, 6200 3%, 10H23H Sk, Wi
RSN E O EA4%£25.0 cm, JEESE 42215 cm, A
29.5 cm, TREFEEEID = MBI, B2k, Ak

P 2 3k T 1210.0 kg, B 7 FEAE2.20 g CO(NHy)2-

2.50 g KH,PO,. 0.90 g K,SO,#116.70 g HLAE, #5%)
WAL SR, FEKARIR S R AR R g, HAt
Bt R A e 7 R R Mt
£ 1 2018 A4 & &K Ikt
Tabel 1 Design of rice pot experiment in 2018

IS B RICOKBRE lem M At/
HAKEE GHED CK 31 0~5 K73 W 41
#K15cm  T1 31 15 75 w4 7
e T2 38 0~5  ALAfMK=E 7
B> (15¢cm) T3 38 15 ANLAMRE 7

W “15om” R ARIAMRFRE P LWL 15 emKE, FHE.
KRB FE— AT A s R 43 dRA k. HF
PIREE>32 CEH Hm < >35 CHRAILRE, K
FEok £t 2 i B (R “miEian ), HoK g
Bi5d, WEAKIRFEREIE10 cm, Sxf KA KL KK TG
RO 25 K3 s 2t (R “ s ™) ARG T
IR G Z R T3 AT iR 5 95 U R 3 o UK R O A R
7= g R e Bk EG . 201848 H14H (/KR 44l
B EFARFERK A B, TR S 57U
AT, RIS BANMEEE, AN IRERE Rk
W, AEFW5 ecmKE, HEAMIBRSL, CKD FI3AM
AALFR (T1: W/K15cm, T2: &R, T3: EimxE),
BRI 7 & WARL, BN E F 207, 11807
TR H ) S R AL AR N AR E CINTR 2 AT
WEARATD 2B, hEFEEE, B ERR
ik HA2 4k, 24 hifE4EHss . &iE F2008—201747—
8 H Mtk it 38 °C, DRI b M 3R] H & il
~38 C (14:00), H#fKiE A30 C (05:00), HAMEE
JEULRE /NI L C R EMAR L, P EEN
75%~80%, Jt:HE I [A] A06:00—19:00, & 5EE A
120~150 J/ (m® ). VEIHMEALFE S il 1 A) 4 ek
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FRKITERIIERELKAE (K5 x5=98 cm>76 cm>68 cm)
H, RTIKAEKAL, REFEE T R E S KK
AIAHERLS cm. R S E MG (T3) AbF R KA
BT ANTAMBEES, SR S50 E e b2, Br
B HE7 d (8H14—21H), MHagid s,
B K FERE =4, A IR E 4N K
KAFEE R RS miRpast, Sk
Bt AR .
1.3 MBMESHE*®
1.3.1 =t 4 SPAD |2

KA FREA RN E A (TYS-B) 2 KFE 6
MSPAD, IRy, RANACELEE AR LRk K
FERERR, DERRSIH g, ey 234N AL
SPAD{H, RIF-FIMEANE N ZAEIE IISPADE, IFk/KFE
RIS B A i Ak PR I SPAD 5 2,
1.3.2 *t A A AN 5w

KFEZRE, 201849 H4H (H5K) 10:00, fi
F LI-6400XT & # X ot & Wl ® R 4 ( LI-COR
Biosciences Inc., USA) Wl 5 /K FEAEAR S, I 5 347
M AR R ER . AN NIRRT, Ak R
S AT, BOLFE I iz v A . e
(1 3 B AR S e AP, (umol/(m? 8)).
i (8] COLBE /R 43U C; (pmol/mol) . ZZ 33 KT, (mmol/
(m?s)). SFLFEG, (mmol/ (m?s)) 2,
1.3.3 T4z

439 F-ZA R e 45 RS IR SR
FUAHIURE, BN HE B 34— B 3 K R AR
FHBY 5% ey et B, F LAy [ Seat = 4% 2
e, fHsr%E, 7105 C AT, 80 CHEFZRIE=.
1.3.4 FArfe =2 x

T I A b R E 8 7 /K R 4T 2 A A
H A 3F KRR AT R, AR /KFEFREL
FRRERIAL . R E TR B AR R =BT
B\ SCRIEURSE SR, M S I R ) Ao St A ik
A7 = Bl 5
1.35 #ERE 5%+ 7%

BRI B4 K% FH Excel 2016 #1SPSS 19.03# 47 5 4%
Gt .
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2.1 TEAIEKFEM F SPAD ERIEIETK
1 NN AL 3 KRG F SPAD 1R B B 1 ] %0,

ZfE SR S A A B S, RV A B
CNZBFEIARER D, CK. T2 ACFEFT T3 ALFHAY
SPAD {H %[44, 1 T1 ALFE R SPAD 1H 421k S T
Ja B, TERRETF AL IR B i KAE, X AT REAS T2
FEIAVE /K ALEE (15 cm) 2R E/KFE G HAM: F A -4
FoEpsgn, e KR AR EER . XE
B T KR E 28GR IR AR KM Btk N AR B AR
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Fig.1 Leaf SPAD values of rice under different treatments
ZAFE AT A ALK FE S SPAD fH 22 7 AN B3

(p>0.05). FHELEH 5, MBI, T2 &2 SPAD
B35 CKL T1 AFRAN T3 40T 535 FEAIK 17.25%.
26.21%F1 17.11%. ¥EKW, Frf AbE/KFES|H SPAD
BT TR A B — ) R AL R 2 PR K AR S
SPAD fH, #il7KFEx T A R Rk, FKAE
m e R R, MR AIER, e B
Tl S A R — 1 R KRR A AR
2.2 TERCIEKTEM R &4

% 2 AAFHKFESIH GG S E AR 2 7T A,

ER S EENEE, T1 A T2 AFRIEEEHEZE (P,
3 CK KT 10.87%1 30.77%, {HERALEZ,
T3 PR P % CK G T 17.89%. T1. T2 4bHER
LEE (G 7hl#E CK LT 27.07%. 35.84%

(p>0.05), T T3 WHHISILFE Gt CK B
T 51.91%. T1. T2 AbHEfAA] CO, BE/RM 4L (C)
Iy HEE CK BRI T 7.25%. 3.88% (p>0.05), Tifj T3 Ak
PR Ci% CK BEN T 8.06%. T1 AbFHAI T2 AbFHAZE
S T, 3 Al CK F#AIK T 16.20% 711 20.19%(p>0.05),
1M T3 A3 T, CK RGN 1 36.85% (p<0.05).

k2 RRA I ARG S ot 8 KA Sk
Table 2 Photosynthetic parameters of rice
flag leaf of different treatments

AL R 30.77%F01 41.28%. %5 LTk, ZREIR
5550 e A — v A B, K AE e
oG R, AL FEL L EBEE, SOME—&
T B B0 7K A 3 B 5 5

B2 HAE U 777 Z 0 fr el Fn (R 3), i
FEXPKFESIM DG E S HE WA BE, KA
FIE (Gy) MFENRE, MENIK I ZE AR A
LT (G ZEMBHZE (T KHuE CO, BRI
(C)) M

& 3 KB ETF AL EA R KRGS et bS50 FAAL
Table 3 F value of experimental factors and the

interactions on Photosynthetic parameters of rice flag leaf

T Pn Gs Ci T
BRE 2.058 3.222 2.894 2.541
Koy 0.006 6.378* 0.485 3.928

B>k Sy 5.159 22.839* 8.147* 12.702%

) Po/ Gs/ Ci/ Td
%ﬂ 2 -1 2 -1 1 2 -1
(pmol m*s™)  (mmolm*s™) (pmol mol™) (mmol m*s™)
CK 5.9840.9lab  106.77#16.05b  282.2444.44ab 4.2640.53b
T1 5.33+1.13ab 77.87+2.29b  261.77#3.24b 3.5740.46b
T2 4.1440.35b 68.50+47.60b 271.3043.01b 3.4040.42b
T3 7.0530.49 162.19413.86a  304.98+12.49a 5.8340.32a

RN AR REROR S AL BETE 0.05 K P L ER B, TH.
HH# 2 IR 51, T3 A Gy M1 T, 4% CK &
N 51.91%F1 36.85% 1t BH il >4y X il 2 3
b 2, R iR B, SR iR R KR
A B, B RE 2 (H R — R AR EE (T2)
S PRARIKFEM e G R, Hanli CK Fl T3

R LRI B 0 K FE S A SHUE p<0.05 KPR 2 7 o

2.3 JKFEH EERTHIRIRER
2 NEFEMIAN R A B K FE L F T R
mE 2 (@) mrn, ZFEEERSE 0 EE 7 d 5,
T1 kb3t EEFYI R E RN, T3 Ab3ig/N, H T3
ABFR A3 5375 CK AT T AbH I 2 B4 11.20%F!1 12.18%,
T3 AEFPKFEZET B &5 CK Al T1 AbBH R
ik 13.95%7F1 15.44% (& 2 (b)), WHBa4H )G, il
HA T2 ALFEFN T3 AL b 5B i 25K T CK,
HomE: CK BEFRK 18.14%F1 13.45%; R,
T1. T2 A1 T3 Absish B &P & 7 8 CK W3
FAAI% 6.65%. 32.40%F1 12.98%, T3 AbFHH: b5
bl T2 AFE 2 T 28.72%. ZAR iR AL 2
52 (3 i e 7 2= 41 @ 26 L .
MRS, AH -5 7 XU e 2 A o — il e KR
STV R SRS, KRG KR ek o
K 2 (b —& 2 (b 7Tk, ZEd, 5 CK

FHEG, T2 F0 T3 AbHA KRG 255 & 53 ) i 2 PRI
13.33%A1 13.95%, XA REe A RIS T K
AR, BB T KRG T . AR,
T1. T2 F1 T3 A3 /KFE 25T 4 B4R CK B %
ik 11.25%. 20.24%F1 14.87%; HEIIM, T2 A1 T3 &b
FREKREZET R E 07 CK BEMLT 20.12%40
16.21%; Y, T2 F1 T3 AL /KRG 25T 0 B
T CK, T3 AbF/KFEZEER CK REMK 21.47%

(B 2 (b)). B WHE LB K ARG 5= 5
ARE (F2 (c)). fifHl T2 A1 T3 AL A &
S CK B AR 25.44%F1 36.47%; KA T2
A T3 AEERIRET & /Al CK R B 77.59%F1
39.52%, RN, T2 FI T3 AbF (R B AT CK,
H 3 7l%: CK 35 FEAIK 78.66% 1 11.45%( & 2(d)).
AL, iR 2 PR /KRS ZE AR B, T e iR >
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Fig.2 Effects of different treatments on shoot drying weight accumulation and distribution of rice

2.4 KFEFFERHMBEZR

L 4 AR KRG & = B R 2R . AR
AT[LVEN, 5 CKAHEL, T1. T2 Al T3 B AEK
43 CK 535 PRI 5.44%. 13.29%F1 5.59%; T2 &b
PR R CK 25 21K 82.84%; T1. T2 Al T3
AbFR AR 45 SR 43 Tl CK IR 35 41K 5.89% . 25.06%F!1
17.13%; T2 Al T3 AbEET-RL5 &5 A5 CK I 2 K
16.31%F1 11.86%, T2 F1 T3 AbFEAE %077 &4 A% CK
S E P 80.09%F1 12.33%, H. T2 Ab3T-kij5i &M
FE BT T3 AbHE R 2 FEIC 5.05%F1 77.29%. 25 I
ATHN, ORI i A B 2 I PR K R ARG | AR
GhECER TR AN &, T Ry iR > O e AbEE
SR ERRG IR, TRREMN &, H58—5E
ACFRAH LY, il >y XUEE )3 Ab B o S fift B — vy 6
SESIR AT R R R, I PR = ik

R 4 RRAIEAAG =B A= SHAEF

Table 4 Rice yield and yield components for different treatments

WE FK/em  MUREQ AR TRERQ  EEFCR/Q
CK 12.87a 2.04a 89.11a 24.28a 61.88a
T1 12.17b 2.16a 83.86b 24.08a 59.62a
T2 11.16¢c 0.35b 66.78d 20.32c 12.32¢
T3 12.15b 1.87a 73.85¢c 21.40b 54.25b
3
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PR R, T2 A T3 ATk fi &2 7% CK &35
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The Effects of Thermal and Waterlogging Stresses at
Booting Stage on Photosynthesis and Yield of Rice

ZHEN Bo*?, GUO Ruigi®, ZHOU Xinguo®, LI Huizhen"",
NIU Qinglin', QIU Husen®, TIAN Guangli*, LI Sanjun*
(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;
2. National Agro-ecosystem Observation and Research Station of Shangqiu, Shangqiu 476000, China;
3. Water Administration Supervision Detachment of Alxa League, Alxa 750300, China;
4. Agricultural and Rural Bureau of Wugang City, Wugang 462541, China)

Abstract: [Objective] Crops often endure various biotic and abiotic stresses during their growth. This paper
investigates how thermal and waterlogging stresses occurring at booting stage affect photosynthesis and the ultimate
yield of paddy field rice. [ Method] The experiments were conducted in pots and consisted of four treatments:
waterlogging stress by keeping the water on the soil surface 15 cm deep (T1), higher them stress (T2), high thermal
stress combined with the waterlogging stress (T3). Conventional irrigation with water on the soil surface kept at 0~5
cm deep was taken as the control (CK). In each treatment, we measured the change in SPAD, photosynthetic traits
and yield of the rice. [Result] Compared to CK, T2 reduced the photosynthetic rate by 30.77%, while T3 increased
SPAD, photosynthetic rate and stomatal conductance of the leaves by up to 51.90%. Compared to CK, the impact of
the stresses occurring at booting stage on shoot growth lasted into mature stage. It hence reduced the yield,
especially T2 and T3 which reduced the rice yield by 80.09% and 12.33%, and 1 000-grain weight by 16.31% and
11.86% respectively. [ Conclusion] To alleviate the adverse impact of thermal stress at the booting stage on yield,
water in the soil surface should be kept about 15 cm deep to ameliorate the potential thermal damage.

Key words: rice; thermal and waterlogging stress; SPAD; photosynthetic traits; yield
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