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Abstract

Objective: To Investigate the effects of carbon dots (CDs) on the resistance to waterlogging in
wheat, and provide practical advice for stress-resistance cultivation in wheat. Methods: 250 times,
500 times, 1000 times CDs diluent and clean water were sprayed onto wheat canopy after 10-days
duration under waterlogging, respectively, and non-waterlogging treatment was used as control
(CK). Thereafter, the dynamic changes in chlorophyll content (SPAD) of the top three leaves, yield,
yield components, and aboveground dry matter accumulation at maturity were measured. Results:
Waterlogging during grain filling in wheat resulted in significant decrease in grain yield, effective
spikes number, aboveground dry matter accumulation at maturity, harvest index, and chlorophyll
content in the top three leaves. Spraying 250 times and 500 carbon dilution solution onto the leaves
after waterlogging increased grain yield to the level of CK, which was mainly attributed to the im-
provement of effective spikes number and harvest index. Carbon dot solution also alleviated the
degradation of chlorophyll in flag leaves, top 2nd and 3rd leaves, and 1000 times diluted solution
showed the best effect among the three concentrations of carbon dot. Conclusions: Spraying car-
bon dot solution could reduce yield loss caused by waterlogging during grain filling and alleviate
the adverse effect of waterlogging in wheat.
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2. M5
2.1, RIE MRS

BT 2022~2023 SR/ A KTEAEWI AL F PH T 38 M DA R AT . IR B HTRE BOK,  FEAT
HRGYIEH, FEFFIEH & 15,000 kg/hm?, LHEAEREE, RERET LR SR 1.

Table 1. Soil pH and nutrient content in the experimental field

F 1 OAEADZEpHMFSSE

oH E2 £ 2 AR A R A
(9/kg) (glkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
6.21 08 11 8.2 8.4 183 2215

&R AT it &2 A (N-P,0s-K,0 = 24-10-6) 810 kg/hm? fEFEAE, #1441 N 194.4 kg/hm?, P,05 81.0 kg/hm?,
K0 48.6 kg/hm?, RHEEAL. WU SEIESAT R4 4%, 4700 25 cm, &A1& 232.5 kg/hm?. R 4% 7
7T, RS EATR . B FEFEGR.

2.2. W

PA/INFZ S FREE T45048 iRIGH AL, NXREE, FABXER 15 m?. L E 5 ANEHE, 35N TEHR
JK(CK)+ 57K JE W5t i 7K (W-Water) . J517K J5 5t 250 £ Bk »5 % B (W-250CDs) « 5t 7K Jig 1 i 500 £ Bk &
Wi BT (W-500CDs) {5i/K i M it 1000 £ ik s A B (W-1000CDs), REAMAEEE =R E 5 . JyBij i/ X 2 [H]
BIK, N Z AR T SRR B R . BUKACERAE T AESS G 6 RiEAT, HLEHTK 10 K, Bk
TRFF IR 2 om K, BUKALBRZS SR SLRIHEK,  FF43 791K 3000 ml ffiE 7K 250 £, 500 1 1000
5 R SRR R VR FH V5 A 350 S W it B4 g /N XA MO J2 o B s SR R i e B AR R A PR A Al 4t

23 MEMBSHZ

2.3.1. FEM~EARETHNE

PHEP R EMEE T B E AT AR R E AR S AR MRS N X P R A
AR 5 m® R T FPRL =5, P SRS /K & 13% M S AL IR =5 AN I EL 1 m AR
RVEFATHEEMRDUL , 03 AR RIE >5) 8, BURRR &5 Rtk L ET 7 ZEit . s ATk FRL
=AY, I AT EAR T, PSR A AR T AR TR R TS R AR O TR
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2.32. REBERAE

ENFERATIART G, MRS R8T r BE i RN B s 4 B . IR RN/ IX AR B 1 m KA
FEAT, B BERUE N 0 B A BT PR . R AT

AR (%) = A BB R 7 BEEL x 100

233 HERSENNZE

42248 H SPAD %R, FIMGEAL(SPAD 502)illE . 7ETF4E W14 A AL B e 6 AN T — 2
FIE 2RI, IWAEIS 6 RITHA, £:0% 5 RIIEFRICZEMIFEM: | 58 2 H- A3 3 ) SPAD 1, B &Y.
BRI B R = S EAE %M ) SPAD 1H.
2.4, BIBGT O

K H Microsoft excel 2019 ¥ {iE4T #4678, H Statistix 9.0 #F#E4T 5 23 HT (ANOVA), i LSD
POlAT 2 EmIE,  FH RRI SR AT BT A G 2 B, F SigmaPlot 14.0 F AT IE KL

3. BZREHh
3.1. ARIAGENFERI

T ENT R, PrEL AL A, AR TR EAANFELTR M EAREEER(E2). 5
TelKAREL, K - JEKAC BRI P A A0S, H BT A BB AR P By BB PRI, DUANE
PR BIRAR T 21.4%, 23.8%, 16.0%F1 3.0 NH 2> &, RN TR E KA BER.

Table 2. Grain yield and yield components

F2 FERMTENNK

e F%Z 2] ;ﬁgﬁig ’Eiﬁ TRiE ﬂﬁEF%?ﬁti SERIE %L
(kg/hm?) (x10*hm?) b (@ (kg/hm?) (%)

CK 7660 B 488.0 A 4058 33.83 AB 13927 B 47.8 AB
W-Water 6021 C 3720C 4148B 34.01 AB 11703 C 448 CD
W-250CDs 8815 A 516.0 A 46.1 A 3230 B 15834 A 48.4 A
W-500CDs 7934 B 488.0 A 473 A 29.95C 15152 A 455 BC
W-1000CDs 6181 C 416.0 B 374B 3453 A 12702 C 423D
p1H p < 0.001 p < 0.001 p<0.01 p<0.01 p < 0.001 p<0.01

AHELT W-Water 4b3, W-250CDs 4bFEAT W-500CDs b B~ & B E 41w, W&~ B0 Rl E 1 2794
kg/hm? (46.4%)#11 1913 kg/hm? (31.8%), W-1000CDs 4t 177 & 5 W-Water 4bH 5.3 2 5% . 5K
AbFE CK ML, W-250CDs Ab B 7= 8 35 #2155 1 1155 kg/hm? (15.1%), W-500CDs 4bH 7 547 5. 3 45 1k,
W-1000CDs AbHE {17 & 5 BRIk . DL 45 IR RIABUKANE S, Wit 250 551 500 55k st BB i mT LK 7=
ik EC B v U G

5 w-Water &b#EAHLL, W-250CDs. W-500CDs A1 W-1000CDs Ab3¥5 & 35t & 1 A iz, Hp
W-250CDs. W-500CDs 4b 3 1) 2B 82 = 1) T Jeli /K iI7KF . W-250CDs Fil W-500CDs 4b 2 [7] ff) &5
PERIHOC R 25, (ARMNERIRE ST HAM 3 /MEF. W-500CDs AbB 1 Tk 8 52K T HAth b 3,
FoAb AR 2 [T 25 57 o /K AL ER S5, W5 250 £ A1 500 £5 b s B B m] LA 3R 3 T iR R
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Figure 1. Effective spike percentage of different treatments
E 1. AR ERAEE
3.3. FEHEHRZIAIRIXFR
FHRAE TR, PR AL AR, AR, M bR E RS IR R B S R R 2 IR ARG,
5TRCE B AR, B AT R S RO R R 3 IR A SR (R 3) . DA R U AR EORI AR RL
Ko R B R ) 5 R Y e R LR

Table 3. Correlation coefficient between different indicators

= 3. TEHEMRZ EEX R

T AR EL T-prE Hb b 5 eI =R
EEREY R 0.467"™
TR -0.515" -0.779"
H EHTA R E 0.910” 0.686" -0.560"
SERAE %L 0.639" 0.600" -0.331" 0.580"
PR 0.910" 0.725™ -0.530" 0.960" 0.784™

ns. *HI**RRFA AR E . BE(p < 0.05) &3 (p < 0.01).
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Figure 2. Changes in chlorophyll content (SPAD) of the top three leaves
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BERFFCIRH, FFAEJE B PR SRR, BT A ATE 5 R o 5 2 U R 9 2] . 765 ek AT
DLS B AT 40% L 1, JLHH AR . BB ORI Tk T8 2 BRIBK T AR [16] [17], T -0 28 R 1 i PR
PERMAE I LB R FE[3]. ABFFCH, EEHK SR B RIE 21.4%, T S50 5 MR 3 2 F R A K
BAREAR, X S AT ABR SO FTARI . 5 he 5 o T BB R/E TP AE 5 AR AR AR AL, I ELARHIF 9 o i) b 32
TEAE T HEAT, N [R)AbTE 2 6 ) 26 o7 T ARSI 7 2 AR o LR i SR A b R I L R /N ) 85 2408
Kb TR A % F I, 59388 R IORPRLR B 2 RIS, RORIBRME[18), RORIBOR 2 5 R, iR
PAUATERE, 45K 2 B SRR, AT, SBUKEAIE, Ui 250 £ A1 500 f55 5
TRV B0 15 RCR BRI ROR B I, 7T A R RS s VA T K TR R & S RIR L,
{754 ROR RV S0 K e SRR AE /s, ELR: 1000 3555 2R BRI Ab 3 1 Bk A ORE M0 5L 310
FOKAL L) 85.2%, F¢ BRSO /INEE A K R HEAR T AT REAEAE — AN AR B T

TEJE I B PR N SRR S e E BRI 2 —, SR AE B UK B % S 80 A = 5 i
(SPAD {f) & A2 [L8)FI T4 ¥ B B A B, R3] 7 2585 ep ol 5 Mg PE B AL S DR o )52
4 S B SR IR S AT S R B MG, B8 ST RLE IR [19] . A FFCHR L, K I T 58 1 B
DR EI R AR, R E AN SR, TSR EKE B B AR [20]. AR, WOER A
FRE I RETT LU BIEARAL IS I G PR, K R, B B3 AR 2R, SRR B
Gl o SRT AT 5C s TRLEE JRU G RN, 500 A50R ASFBE AL I 1) TR0 5 1 A, T R DR At
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