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Effect of Nano-Carbon Dots on Seedling Growth and Yield of Wheat

GU Jiayi, WU Wanting, PU Tianyu,XU Jiwei,ZHANG Yan,ZHU Changjin, HUANG Hanyu, LI Guohui,XU Ke

(Jiangsu Key Laboratory of Crop Genetics and Physiology/Jiangsu Key Laboratory of Crop Cultivation Physiology, Jiangsu Co-

Innovation Centre for Modern Production Technology of Grain Crops, Yangzhou University, Yangzhou, Jiangsu 225009, China)

Abstract: To investigate the effects of nano-carbon dots on wheat emergence, the morphological and
physiological characteristics of seedling and yield, a total of three treatments were set up: seed soa-
king, seed dressing, foliar spraying after emergence with nano-carbon dots aqueous solution, and no
application of nano-carbon dots was used as the control(CK), with a wheat variety Yangmai 25 as the
material, Three carbon dots concentrations were applied for seed soaking. seed dressing, and foliar
spraying, with concentrations of 0. 02, 0.1, and 0.5 mg *« mL™ ', respectively. The differences in
wheat emergence rate, plant height, biomass, stress resistance physiology, and yield under different
treatments were analyzed. The results showed that using carbon dots aqueous solution for seed soaking
and seed dressing, the actual emergence rates in the field after 20 days of sowing reached 76. 8% —78. 0% and
58.4%—60.5%, respectively. Compared with CK, the emergence rates of wheat in the field were in-
creased by 27. 0 —28. 2 percentage points and 8. 6 — 10. 7 percentage points, respectively. Compared
with CK, after 20 days of wheat sowing, the height of seedlings treated with seed soaking, seed
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dressing, and foliar spraying increased by 39. 8% —52.5%, 25.6% —28.1%, and 23.3% —32.2%.,
respectively; the fresh weight of aboveground parts increased by 95. 3% —100. 4%, 46.9% —53.8%.,
and 45. 3% —56.5%, respectively; the maximum root length increased by 58. 4% —60.7%, 28.6% —
35.4%, and 19. 2% —34. 7%, and the fresh weight of roots increased by 60.2% —85.8% ., 45.5% —
48.1% ., and 36. 2% —39. 1%, respectively. After seed soaking, seed dressing, and foliar spraying
with nano-carbon dots, wheat seedling’ a-amylase and p-amylase activities, antioxidant enzyme activi-
ty, and content of soluble sugar were significantly increased, and the content of malondialdehyde was
decreased. The wheat yield increased by 13.8% —16. 0%, 9. 8% —10.6%, and 5. 4% —7. 0%, re-
spectively. The above results indicated that using nano-carbon dots for seed soaking, seed dressing,

and foliar spraying led to the effectively promoted wheat emergence, early emergence and strong seed-

1

ling, enhanced its stress resistance, and thus increased yield, and using 0. 02—0.5 mg * mL™"' nano-

carbon dots solution to soak seeds can achieve the best effect in wheat production.

Keywords: Wheat; Nano-carbon dots; Seedling growth; Emergence rate; Yield
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Different letters above the columns indicate significant differ-
ences among different treatments at 0. 05 level.
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Fig. 1 Seedling emergence after sowing of

wheat in different treatments
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Table 1 Agronomic traits of wheat seedlings under different treatments
R B P P - T R K RO
Days. after Treatment Carbon dgt Plant Fresh weight of shoot Maximum root Root fresh Wflglll/
sowing/d concentration height/cm /(g + plant— 1) length/cm (g« plant™ 1)
10 2 Fl 0. 02 11141, 2b 0.111-+0. 028b 9.242 2a 0. 064--0. 0062
Seed soaking 0.1 12.741. 0a 0.12440. 020ab 9.642. 8a 0.0630.012a
0. 5 11.74+1. 7ab 0.134-0.019a 9.5+2. 1a 0.06740. 024a
PP Fif 0. 02 7.4+ 1. 1c 0.072£0.019¢ 8.2 1. 7ab 0.0470.007h
Seed dressing Co. 1 761, 7¢ 0.073-£0. 016¢ 8.1-£3. lab 0.045-0.019b
0. 5 7.2+1.0c 0.075+0.012¢ 8. 6-£2. 5ab 0.049-0.015b
CK 6. 6-50. 8¢ 0. 066-0. 010¢ 7.0+1.6b 0. 0400. 005b
0 B Co.02  16.8+1.5ab 0.35340.031a 14.440.7a 0. 08440, 009abe
Seed soaking Co. 1 17.84°2.5a 0.354-50.029a 14.342. 0a 0.097-£0.021a
0. 5 18.343.0a 0.362-£0. 035a 14.54+2. 6a 0.087-£0. 012ab
HFi 0. 02 15.341. 5he 0.276-0.023b 12.241.3b 0.077-£0. 011he
Seed dressing Co.1 15. 41, The 0.27840. 030b 11.9-+1. dbed 0.07740. 006be
0. 5 15.141. 6¢ 0.266-0.021h 11. 640, 9bed 0. 076-£0. 003he
- T W it C0. 02 14.8=+1. 4c 0.263=+0.025b 10. 8+1. 2cd 0.07140.015¢
Foliar spraying Co. 1 15. 942, Obe 0.283£0. 091h 12,241, 9be 0.073-0. 033¢
0. 5 15.5+2. 2be 0.2810.092h 10. 8+1. 6d 0.071-£0.012¢
CK 12.0-+2. 5d 0.181-£0. 047¢ 9.0+1. 6e 0.052£0.021d

(] — 81 B AL AN [R] 5% R 3R [ — HORE U [R) b BRI 7E 0. 05 /K SF 22 5 ik 3. T IAL.

Different letters after the values in the same columns indicate significant differences among different treatments at the same sampling

stages at 0. 05 level. The same in tables 2—4.
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Table 2  Activities of a-amylase and f-amylase and content of soluble sugar in wheat seedlings under different treatments

TS TR 4 B 3 R o B MY i % B-UE 9 I 1 [RGTER SRS
Days after sowing/d  Treatment Carbon dgt afamylasg ac]llvmy/l Bfamylasg ac]uvny/1 Soluble sugar C(l)ment/
concentration (pmol * min~ !« g™ 1) (pmol * min™ !« g 1) (mgeg b
10 B 0. 02 39.1=0. 4b 23.5+0. 2a 9.6=+0. 2ab
Seed soaking Co. 1 42.741. 0a 23.5+0. 5a 9.740. 1a
C0.5 43.340. 1a 23.6+0. 3a 9.840. 1a
P Al C0.02 35.1+0.5d 21.240.6b 9.3+0. 2¢
Seed dressing Co. 1 36.5-0. 9¢ 21,340, 4b 9.30. The
C0.5 38.8=0. 6b 21.4+0. 4b 9.640. 2abc
CK 26.5-0. 9¢ 11.54+0. 7c¢ 5.640. 4d
"""""" 20  w#  Co.02  4l.4+0.5ed  24.840.5a  10.540.l1ab
Seed soaking co. 1 45.5+0. da 24.9+0. 2a 10. 640, 1ab
€0.5 45.0=+1. 0ab 25.0=0. 4a 11.240. 2a
P Fh €0. 02 37.540. 2g 21.0=0. 6b 9.340. 2e
Seed dressing Co. 1 37.9-0. 91 21.9-+0.3b 9.8-0. 1de
C0.5 39.14+0. 5e 22.5+0.2b 9.840. led
I T 6 €0.02 39.60. 3e 23.5+0. 4a 10.040. 1ed
Foliar spraying Co. 1 40. 6--0. 9de 23.740. 4a 10. 0--0. Obc
C0.5 41.840. 5be 24,240, 5a 10. 1+0. 2abce
CK 31.0%1. 1h 15.940. 5¢ 7.4+0.3f

x3 ARLEBETNMNEHENENBEENR_BSE

Table 3 Antioxidant enzyme activity and malondialdehyde content of wheat seedlings under different treatments

R IEPN 4 43 Bk W SOD i (CAT i POD ifi # MDA & 4t
I)ay§ after Treatment Carbon dgt SOD af:tl\uty/ CAT gctlv1ty/ POD a‘ctlvny/ MDA C()ntent/
sowing/d concentration (pmol * min !+ g ')  (umol+ min !+g ') (gumolemin !'+g D (nmol » g~ 1)

10 ] 0. 02 36. 90, 8b 79.9+1. 3b 224.8+3. 1b 47.1+0. 9¢
Seed soaking ;| 37. 40, 3ab 81. 4-0. 7ab 226.2+3.7b 47,020, 7c
0.5 38.1+0. 3a 82. 6= 1. 6a 237.1+3. 9a 42.8+0. 8d
P il 0. 02 34.4+0. 6d 71.5+0. 5d 210.9-+4. 6¢ 49.2+0. 5a
Seed dressing ) 34,840, 5cd 72.8+0. 1d 214,245, 1c 48.740. 9ab
0.5 35.6-£0. 9¢ 75.741. 9¢ 223.8+4. 1b 48. 00, 7he
CK 27.9+0. 9¢ 59. 64 1. 2¢ 187,442 1d 62.4+1. le
”””” 20  BM Co.02  40.7+0.2b  82.541.7be  253.044.0a  39.040.3c
Seed soaking ) 38.5+0. 3d 79.3+1.0d 255.85. 5a 38.240. 4d
Co.5 43.1£0. 2a 80.8=+ 1. Lc 262.8-5. 5a 37.7-+0. 1d
Pl 0. 02 39.3-50. dc 68. 70, 51 227.3+2.5d 42.7-0. 8a
Seed dressing ) 38.040. 5de 77.5+0.7d 232.8-3.9d 41.9-50. 8a
Co.5 37.0-0. le 83.71.7h 242,242, 7¢ 41.4-50. 6ab
I H 55 0. 02 41.350. 4a 76.9+1. 2¢ 248.3+3. 8¢ 40.9-£0.7b
Foliar spraying (| 40.5-0. dbe 86.3-1. 5a 249. 5+ 4. 0c 40.8-£0. 7h
Co.5 41.2+0. 1a 85.1-1. 3a 252.3+ 1. 4b 39.2+1. 0c
CK 32.4-50. 8f 68. 9+ 1. 1f 209. 5+ 1. 9¢ 54.5+1. 2¢

PR s Wi 77 O = AR R Ak sk BE R AP R A B ROR Ko MDA 5 i Y o Rk
AR 22 S AR XL/, B CO. 5 R BU A AL MG P de AR T HERD SO AR 2 . bt T DL 40 K B e
s MDA &3 fie /s = Ffis JH 7 Ui R AT AT R/ 2 B BTSRRI L L RIOR i T X
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Table 4 Yield and yield components of wheat under different treatments

e = r—— = proprar=y
S S Vdd pendenmber o BEEC (S ey SRR
concentration (t+ hm %) (X10* « hm %) weight/g (t+hm %)

B C0. 02 10.340.08ab  691.7+12.0a  46.040.3a 45.040.1a  29.7+1.2a  0.48%0.0la
Siﬁ;‘ig Co. 1 10.240.09ab  711.7425.5a 43.442. 9a 44.840.1ab  28.5+1.4ab  0.4940.0la
C0.5 10.4%+0.21a  703.3%19.5a  46.240.8a 45.040.1a  29.740.5a  0.49%0.01a

PR C0. 02 9.940.02bc  620.0%13.5bc  46.140.7h 44.840.1ab  27.240.1bc  0.47+0.02a
drseiifng Co. 1 9.940.32bc  641.7+12.0b  46.540.8a 44.640.3bc  27.740. 16abe 0.48+0.01a
C0.5 9.940.23bc  618.3%16.5bc  46.6+0.9a 44.640.1bc  27.940.19ab 0.46+0.02a

I 8 5 C0. 02 9.540.04d  571.7412.0de  47.6%+1.2a 44.040.1d  24.4740.69de 0.49%+0.01a
Ssril;?;g Co. 1 9.640.07cd  583.3+24.0cd  47.1+0.6a 44.340.2cd  24.740.15de 0.49+0.01a
C0.5 9.640.10cd  580.0%19.5cde  47.540.7a 44.440.0cd  25.542.32cd 0.48+0.02a

CK 9.040.48e  536.7428.5e  47.5+0.8a 44.340.2cd  23.040.18¢  0.49+0.02a
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