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(B SR 96 2 B0 /K 7 A 1R i) IS AT 7 65 A 41
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RO, (H R 24 [ Py A3 S AR YE T R A T
R R SRS ECR A D . DI i) S
N ] A 6 308 T A 7 4/ M i LR o e 2 vy o
SEEREWCSH Fo. Fm, Fv S ET R HhE T
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1.1 RIEA R R

R T 2018 4 5 H—2018 4F 9 F7E NS AN
VERE T A S AR K 2 P 9 iR AT
PEREE S AOIERL S, A S RPO R A T
Bedeft. BMBRAKEIER (HA) BN H A& F
EMBEARARTTAEA T AL, HKEEHER S =50
g/L, N+P+K #=>200 g/L, fiEcE Ca. . 4.
BESE) 8=10 g/L. RAZHINE, THONEA SR
wEFER AN 11 FEENRA . Jerth
N+P+K &>10 g/kg, A HL5 #&>50 g/kg, pH {5 5.5~
8.5, TIEEIKZEA 10%. Bk 75 25 cm, HAE 20 cm,
RS AL 2.5 kg, FEFETRIEBER — 8 (N18%,
P,0s46%) 2 g, TEH TSI & ERKE (3 N
BN 46%) 2 9. 5 H 1 HiEM, RE#H 30k, f£=
(5 H 20 HD sEH, 420 the W3R ABENL
XHHEA, SEIEHEMK (T5%HFFEKFE) ; dhEF
T-FEWrig (60%H HIRFKZ) FIE LT FHhE (45%
H A 7K 3D 3 AN Ko 4k, ANEIK S 4% N Wt it
500 1% @ FEER /KIS AERE (HA) FIZEEE/K (CK) 2
ANGEER, 36 AN, AGERESR 3R, BAES
FhHE 5 7, 4L 90 7. /KA WBE e HA (6 H 10 HD
FFf, AR 17:00 R FIRR E L HEAT R K DRSS Ab
H A KRR, HIEENEKE, KAEE SR
3T R A K % Ryan R0k g, 4B

3K A B K B )N 27.23.21.78 F116.34 L

Tr ARSI SRR AN S L A R, W e
7 d HEATHORE RN 58 5 S HL

1.2 BWHERE

B PR b 35 i (o R v, 57 RV R0 VR R
15, BB ELIE 3R, 46 it
1.3 MERIRSHE
131 ALK

RGBSR 3 FrAE K ss i pyiE v, F FMS-2
5485 Ak ph A | RO A0 8 AR R R S HL TEnT
R ERERMEARZRE I N ERESTOE (Fs)
B8 J5 i — MR IR [6 000 pmol/ (m?s) 1, Bk 0.8
MEFCGERN FRRARNE (FmD 5 REEMDE, B
B3 s JEFATHEL I, 5 s Rl s N /ot

(FO) ; WHARHER 15 min FMEVIEDE (Fo)
BE 5 In—ANSEIAE (6 000 pmol/ (m?s) ), ki 0.8s
WE K5t (Fm) o FEW NS5 PSITEAG
REB 4 FVIFm= (Fm-Fo) /Fm; PS I TE Gk
M Fv/Fo= (Fm-Fo) [Fo; Jefb 27K 2% qP=
(Fm-Fs) / (Fm'-Fo') ; JEufb2Ed K 5250 NPQ=
(Fm-Fm" /Fm'.
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Table 1 Effect of different treatments on the dry matter quality of oats Chla+Chlb and Chla/Chlb

%1 RR4&&®E AT/ Chla+Chlb 5 Chla/Chlb

Qb 451 Jointing JHEEH Heading FES A Filling
Treatments Chla+Chlb Chla/Chlb Chla+Chlb Chla/Chlb Chla+Chlb Chla/Chlb
. HA 19.293#0.061a 2.57340.025a 25.19040.309a 2.87340.025a 33.754+1.486a 3.01840.430a
7% CK 19.18040.126a 2.54140.020a 24.94040.185a 2.84140.020a 32.879+1.370a 2.949+0.037ab
. HA 16.81640.099b 2.25340.063b 19.805+0.337b 2.62040.095b 25.905+40.430b 2.77040.220ab
0% CK 16.26640.240c 2.12740.086¢ 17.33740.012¢c 2.59340.070b 25.284+0.294b 2.66040.285b
, HA 15.15340.050d 1.78040.064d 16.662+40.175d 1.97940.047¢c 20.805+1.110c 2.16040.098c
% CK 10.34240.121e 1.39640.060e 14.03440.270e 1.54740.031d 17.87740.141d 1.60240.056d

R AR RNE FRERORZESIE 0.05 BERF, T

Note Different small letters within the same column in the table indicated P<0.05, respectively, the same as lelow.

2.2 HA X F 2B T E RS BRI
221 Fo. Fm#= Fv & ik

T EE T wiE HA J5#EEE A Fo. Fm fil Fv
(AR AR LN 2% 2. H 22 2 W0, AR T I BIE 10,
Fo. Fm 1 Fv St m . B T2 aFE R 11
m, Fo 2 FF#&%s, T Fm M Fv B E T, T8
e T HA J§ Fo FR&, FHKIEREN 0.70%~
14.06%, 1M Fm #1 Fv FH&, $RFHEHE73 7008 0.7%~

121.19%F1 1.0%~171.79%. A[FIRIF, Wit HA 5
CK AR, 78 1E 5 KR o B2 B e 2640~ 3 MRS
ERARE, MAEEETREERtE T =5ER
2E (P<0.05) . Zx bBUil, TFWHaSFE PSR
HOC BRSO, (RIS BRI PS T B
O JFEHT LTS24 Qa IR R AE 7, il AL I8 15 1 32 21
0k, AEME HA 25 3R T S s B 5,
Peaciy; e VISR SN e S AT

%2 TR &AL Fo. FmA= Fv

Table 2  Effect of different treatments on the dry matter quality of oats Fo. Fm and Fv

£ B I3 Grow stage AP Treatments Fo Fm Fv
HA 52994252.77d 39312+ 102.661a 34 01341 345.887a
75%
CK 5 366+160.08d 3895942 673.749a 3362312 833.673a
HA 6 7994371.29c 35 5304246.033ab 28 7314574.755b
PATH Jointing 60%
CK 6 9024334.73c 33 65744 183.546bc 26 75544 249.012b
HA 7 922+188.47b 29 973+ 166.822¢ 22 05141 279.788¢
45%
CK 8 646198.10a 23 073+2 362.899d 14 42842 560.268d
HA 59034325.971e 3257844 411.518a 26 67544 591a
75%
CK 6 080427.592de 32 35445 155.731a 26 27445 158.353a
HA 6 8064873.875dc 27 6794506.625ab 20 87341 065.355b
i1 Heading 60%
CK 7 3014592.768bc 26 8631 689.192b 19563+ 734.11b
HA 8 087+113.298b 305174894.263c 12 4294781.830c
45%
CK 9 2244416.122a 13 7974 396.162d 4 5734 004.32d
HA 6 1234178.098d 46 92245 968.675a 40 79946 146.256a
75%
CK 6 1824209.717cd 45 54943 783.852ab 39 36743 865.877ab
HA 6 6564294.104cd 40 000+ 837.642bc 33 3444+ 543.7hbc
HEH Filling 60%
CK 6 7564239.091c 39274+ 448.187¢c 325174 441.768¢
HA 7 5764606.836b 32 6174927.255d 250414320.478d
45%
CK 8 5524378.937a 2581244 201.678e 17 26043 985.519¢
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2.2.2 Fm/Fv #= Fv/Fo &9 % 1k

T2 Wria Tl HA J5#E M Fm/Fv
Fv/Fo 25k B i inge 3. M3 3 arsn, Mk I3
FES M, FvlFm A1 Fv/Fo i Tt, (HT5MHa F
Fv/Fm 1 Fv/Fo ¥ &3 FF% (P<0.05) . FRHhia
FWEiE HA 5 CK #HtL, Fv/Fm Al Fv/Fo fE LA
[FFE P (32, $RFVEEE 73 08 0.2%~83.89% A1

1.9%~211.56%.3 M A, W37t HA J5 AH BT CK,
IEH AL KR BT R a5 F YRR E E R,
MAEEETREMBEFMHT _EWERNEEER
(P<0.05) . #TF a7 #ed PSII KIS /EIE
PEFERRAR T PSR WG REFE B, HA XN E T
S0 3 S PR T A e B S () 2R 0 U

* 3 RR4A A& Fv/Fm F= Fv/Fo
Table 3  Effect of different treatments on the dry matter quality of oats Fv/Fm and Fv/Fo

b3 5 Jointing Y Heading HESZ ] Filling
Treatments Fv/iFm Fv/Fo Fv/Fm Fv/Fo Fv/Fm Fv/Fo
. HA 0.82240.027a 4.18640.172a 0.81640.030a 4.54430.939% 0.86840.022a 6.686+1.186a
o CK 0.81320.016ab 4.080#0.351ab 0.80940.030a 4.3210.848a 0.86440.014a 6.37910.727a
. HA 0.74520.034bc 3.75240.184b 0.75420.032b 3.11140.539b 0.83440.003a 5.00920.013b
o0 CK 0.71329.060c 3.65140.261bc 0.72840.026b 2.96420.346b 0.82840.008a 4.81740.275b
, HA 0.63320.048d 3.28140.151c 0.6050.012¢c 1.53620.076¢ 0.76840.012b 3.31740.221c
o CK 0.5380.043e 2.80520.275d 0.32940.038d 0.493+0.087d 0.6640.049¢c 2.014290.419d

k4 TR EEZ gP A= NPQ
Table 4 Effect of different treatments on the dry matter quality of oats gP and NPQ

AT Jointing HF Heading A Filling
AL BE Treatments
qP NPQ qP NPQ qP NPQ
, HA 0.99440.027a 0.05340.067c 1.00840.008a 0.097490.006¢ 2.90940.116a 0.13340.041d
7% CK 0.98840.010a 0.07440.041c 1.00740.077a 0.10140.014c 2.87640.102a 0.14140.017d
, HA 0.93640.018b 0.11140.075¢c 0.82940.060b 0.16640.037bc 2.20140.379b 0.50340.205¢
0% CK 0.90540.028b 0.16340.022bc 0.800490.108b 0.1940.032bc 2.14340.208b 0.67340.079c
, HA 0.84340.027c 0.244490.074b 0.61440.019c 0.25540.108b 1.6460.305¢ 0.71240.113b
% CK 0.75940.019d 0.42340.088a 0.400490.099d 0.37540.062a 0.97840.001d 1.10440.230a
223 qP A= NPQ # L 1L 3 1 %

T2 iE i HA 5 #2 M F gP AT NPQ 1AZ
sk 4. MR 40750, WIRTTIHEBIRESRIN, Hed
A qP F1 NPQ iZ#i#g . /Ko Wa s S8 gP HEE
B, NPQ fEINH IR 8T, RKBHK S MhiE T i
FReM AR B, RERURED . Wil HA JEAHEE
T CK, qP Ml NPQ fH A i, $emiuHE o nll
0.1%~68.30%#! 6.02%~73.36%, & HI7ET-EIHE T
HA &t — P e 2 et ae AR R, b e
B . W HA J5, R R AR AT S a4~ =
HYEREE (P<0.05) . AU EERUH, T2
Jol e #e S R S aE L T, BT R A fE
AR LR () 43 35 K, TSt HA W) 2 E — e FR L
R AR IE XS G S 3 T, PR R
FIFHZ, HEETSEHIEZEMS T HA SR RE.

2% Z A BTG A A RO R, 2%k
B2 2MHEYDCEERIEET. Chla/Chlb 7T %
2R R a AR ER b A BURE & Pra s —
HHHERE, AREHTORBL T E S E
- Chla/Chlb (%, BERAM 2R3 b Xt T 5 i i
BHEE K. B B S E A ROLERE
59, —BEOLR, TRPRas SEUEYIH SRR, it
AP Sz A G R IR EE 2 & R SRR
i, M P ok E R, SR R OE S 1E
GO, HBAHMTTRI, T il 2AE SR
Bn, ArRgE ROy T R R E A A SRR, A
FRRAEKRZI, A AT AR M SRR T R X
2 AR IR TE 45 SRR WAL T B i 2R K
AACHE R B S DA G i A O, Ak,
R B R i L DA WS S = V2 A
W e 22 CLICIhaE B H R T A B A B o it PO B
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IR S IEYH i R B, N AR EIRIR A
Ja. AR R RS E, 25 Chla/Chlb BY, AHT
FAAH, T2 FwEEERE, 2R
Chla+Chlb 1 Chla/b %16 R FIFERE e R, 55k 4
25200 gk T T 4t 45 SR Chla/Chib — 2, RIS
5 WL T LA o AN IR 7K 3 P Ak B 3 -4 25 0,
FEEETEME FB GBS HRE, ®EHH
Chla+Chlb AT Chla/b 42 i e FE £ K

AR, #E Fo B, Fm Al Fv FF%, B
T B T PS TSR A O SR AT L 524 Qo B
JFHE ST, Qa— Qe MIBE ST T F4, HLTA% 3 kPR 0,
TEEE 2 B2 B R FuiFm 281 8 R
TR F#ESE Fo Fhim, JUHDUE TS pha
TR P B, U T S ™ E R G N R S R
SN, A HOG AR, R a s PSIT G
EREAL S (LHC-11) &R, {# LHC- 14t
KRR B BRI S B A B
LHC-11 ] PSII &g/, PAADGE - PSIT R
Rt Qas Qs M PQ PEAL IR 2 8 mil, A
7t FviFm Al FviFo HIE3 R BF (P<0.05) , K H
TR rE S PSTT R OS2 B35, Fl] T 7
2 PS I T AETE TR 1 PSIL SR I R sk
R, WA HE R A 1 F 1 R 5 i 32 23 0, 5%
TR ASEN ALK P FEHENAL 2% K NPQ. gP
SR PS TR 2 o IR K e B A T e 2 A% i3
M8, RN PSR (IR G RE TS
o7 [ 5 e B R 43, FLE SRR PSII B HL A5 ik
TR, SRR AR TR R R R R,
P e BE R 2% s Y. NPQ S e /2 PSTI
KL% 6 KWL 6 REAS B ol & A 3 i AR 7
REBU A, AL N RO AN IR
P, NPQ fE RO Bl I 2 1 LI R 21— 52 1)
B3R A R, ARG R B, TR PR
qP ZHT FFE, NPQ iZ¥r EF, vl ReJE e T 5 e
WA T PSRN H L RS, SEEEEH otk
TG, JF TS Nl b R ok, g
w1 OGRER AR, X5 VA S b B 7T 45
AL

Ji A IR Ak B S AR v T /N TR AR I 0k
RE AL 2% (RVIFm) S 7 A O 196 Ak 2% 3 1k
(FVIFO) , JuHLARAEGA: T 1 fem ), &
WIGEE R BIR, WS RR T HRER I, T 5 hia
N R AT AR i Fv/Fm # Fyv/Fo, HLEERET-5
IS ER S Ca Al 55 o N AT S W Y ) e P
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TR ipia B EBFEAAEET F ot RE.
Chla/Chlb. 5K (Fm) « w4855 (Fv) « PSII
JRHIEAE AL 2R (FVIFm) L PS 1T (R A2 35 M (FVIFo)
AR (QP) |, Tiidem 7 /Nt (Fo) AIEE
T K (NPQ) o WE it &3 FEL NG T G2 AT 52 I Ja Xt
2R R R B REA , H5 15 (/KR B e A
bb, EET 5l 0 TR B R RO st .
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Regulatory Effect of Humic Acid on Chlorophyll Fluorescence
Characteristics of Oat under Drought Stress

LI Yinghao, LIU Jinghui’, ZHAO Baoping, TIAN Lu, WANG Qi, ZHU Shanshan, DAI Yunxian
(Oat Scientific and Technical Innovation Team, Inner Mongolia Agricultural University, Hohhot 010019, China)

Abstract: Due to global climate change and the intensification of human activities, the water cycle conditions on the
earth have undergone drastic changes, resulting in serious water problems and water environmental crisis in many
regions and river basins. Water scarcity has become a bottleneck limiting sustainable agricultural development.
Water is the main factor for crop production in semi-arid areas. Improving crop resistance and efficient use of water
resources has become an inevitable choice for promoting sustainable agricultural growth in China’s arid regions. Oat
is an herbaceous plant belonging to the genus Oataceae of the family Poaceae, which is highly resistant to stress. It is
widely planted in barren, arid, cold and other areas, and is a crop for both food and feed. Oat has a developed root
system, strong water absorption capacity, large root and shoot, and strong water regulation capacity, and has become
a pioneer crop for land desertification control. Already studies have shown that drought stress can destroy many
metabolic and physiological processes of plants. Drought stress will reduce plant biomass, reduce chlorophyll
content, and change chlorophyll fluorescence parameters, while photosynthesis is one of the most important
physiological processes that plants are inhibited under drought stress, but its complex and precise physiological and
biochemical regulation process is not clear. The effect of water stress on plant photosynthesis can be studied by
analyzing chlorophyll fluorescence kinetic parameters. Changes in chlorophyll fluorescence parameters of plant
leaves can accurately measure the level of plant photosynthetic potential and the degree of damage. The application
of chlorophyll fluorescence kinetics can deeply analyze the effects of environmental stress on plant photosynthetic
apparatus, especially PSII, and the adaptation mechanism of photosynthetic apparatus to environmental changes.
Humic acid is a kind of organic substances formed by the microbial decomposition and transformation of animal and
plant remains. Humic acid helps to improve drought resistance of crops and delay plant senescence. Studies have
shown that humic acid treatment significantly increased the actual photochemical efficiency (¢ PSII) and
photosynthetic electron transfer rate (ETR) of flag leaves in the late stage of wheat filling. Rarely. [ Objective] The
purpose of this study was to determine the effects of humic acid (HA) on the chlorophyll fluorescence characteristics
of oat leaves under drought stress. [ Method] Pot experiments were used to study effects on chlorophyll content and
fluorescence parameters of oat leaves spraying HA under three water conditions: normal water supply (75% field
capacity), moderate drought stress (60% field capacity), and severe drought stress (45% field capacity). [Result] @
Water stress caused Chla+Chlb, Chla/Chlb, Fm, Fv, Fv/Fm, Fv/Fo, and gP to decrease significantly, while Fo and
NPQ significantly increased; @Compared with CK, HA spraying under drought stress, Chla+Chlb increased by
0.6%~40.82%, Chla/Chlb increased by 1.13% to 30.09%, Fm increased by 0.7% to 121.19%, Fv increased by 1.0%
to 171.79%, and Fv/Fm increased by 0.2% to 83.89% , Fv/Fo increased by 1.9% to 211.56%, P increased by 0.1%
to 68.30%, NPQ increased by 6.02% to 73.36%, and Fo decreased by 0.70% to 14.06%, among which significant
differences were reached under severe drought stress. [ Conclusion] Drought stress caused obvious damage to the
photoreaction system of oat PSII. Spraying humic acid could alleviate its effect, and the effect was the most obvious
under severe drought stress.

Key words: humic acid; oat; drought stress; chlorophyll; chlorophyll fluorescence parameters
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