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Mechanism of Spraying Growth Regulators to Alleviate
Drought Stress of Sweet Potato

WANG JinQiang, LI SiPing, LIU Qing, LI Huan

(College of Resources and Environmental Science, Qingdao Agricultural University, Qingdao 266109, Shandong)

Abstract: [ Objective] The study was conducted to investigate the effects of spraying growth regulators on the distribution of
photosynthetic products in sweet potato and the alleviation effects on drought stress. [ Method) Artificial dry shed and dry pond were
used to simulate the drought stress of potato swell (100-120 d), and based on "*C labeling method, the alleviation effects of spraying
three exogenous hormones such as 6-benzylaminopurine (6-BA), a-naphthyl acetic acid (NAA) and abscisic acid (ABA) on drought

stress of sweet potato were studied. The physiological and biochemical indexes, such as the accumulation and distribution rate of °C,
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endogenous hormone content, carbon metabolism enzyme activity and photosynthetic fluorescence characteristics of sweet potato
leaves, were analyzed. And then we performed stepwise regression analysis, path analysis and RDA analysis.[ Result JCompared with
normal water supply, drought stress decreased the yield of sweet potato by 18.76% (P<<0.05). The degree of the decrease of yield
was greatly smaller with the spraying of growth regulator under drought stress (P<<0.05). The best effect of spraying was 6-BA which
was followed by ABA and NAA. Spraying growth regulators under drought stress could significantly improve the photosynthetic
efficiency of functional leaves, which could promote the synthesis of photosynthetic products during the expansion of potato tubers.
Compared with the spraying of water, the spraying of 6-BA promoted the net photosynthetic rate (Pn), which increased by 10.93%
and the maximum photochemical efficiency (Fv/Fm) which increased by 20.00%. Spraying different growth regulators in drought
could significantly increase the instantaneous accumulation of 13C and the rate of distribution to the roots of sweet potato. Different
growth regulators could promote the transfer of photosynthetic products ('*C) from leaves to roots and distribution which increased
by 75.68% and 27.68% by spraying 6-BA, respectively. In addition, spraying growth regulators increased leaf carbon metabolizing
enzyme activity. Compared with the spraying of water, the spraying of 6-BA, NAA and ABA increased SS enzyme activity increased
by 29.59%, 19.25% and 13.03%, respectively. Spraying growth regulators alleviated the decrease of ZR and IAA content caused by
drought. Compared with the spraying of water, the spraying of 6-BA increased ZR and IAA by 18.72% and 10.97%, respectively.
Stepwise regression analysis showed that photosynthetic characteristics, chlorophyll fluorescence characteristics, carbon metabolism
enzyme activity and endogenous hormones were key indicators for regulating the distribution of photosynthetic products (**C) at the
peak of potato tube expansion (R=0.997); Path analysis showed that Pn, SPS, ABA, ZR, SS and Fv/Fm had the higher direct
interaction coefficient on the transfer and distribution of the product (">C) from the leaves to the roots for sweet potato photosynthesis;
RDA analysis showed that the spraying of 6-BA had a good correlation with the total '*C accumulation of sweet potato, the
distribution of "*C in roots, ZR, Pn, Fv/Fm, SS and SPS. [ Conclusion] Spraying growth regulators under drought stress raised
endogenous hormone content, carbon metabolism enzyme activity based on SPS and ADPGase, improved leaf photosynthetic
characteristics, and promoted the transport of photosynthetic products (*C) from leaf to root in potato tube expansion stage, besides
which could relieve the effects of drought stress.

Key words: sweet potato; drought stress; plant growth regulators; "*C distribution

EEK N KRR GAERYEAT T 30,

0 35

CAF TR SCY 3R H 28 22 Ffofe T fe B A i
PR ST R L, T
TR T R R v 0 SRR A, L
P CUCOA B R H AP I ) e i, RO R
XHERZTE BN RGE RIS, K2 B
VR AR I A LA R, T TR PG
RAEY, DM PR AL T R AR RS H
UNIFN PR M S S L PS- AN Al i
BT 2 T ECH BRI RS, i)
AR MR B, T BN Fe, e
AR IR R R k. UT ARTIEREE ] 1AAE
B H S HURET I AR 2 AR TR A HU R R
THE IR AT 5 26 VR, AL B A A A1 77 8 i
FEHUR R R TR D o AT R — SO A A B
OSSR E AT R R A JEER A
ARG VR AR R — RAVERAEE, RS
DI AR R B R A e IS 1
A AT AT CLE A e e R AR R, AT A S

SKIIA TR KA E R, i3 (CTKO
I SRR B9 RuBPcase MG TR £
A IR R A, BRI in T ARG G 2 T B .
TR (ABA) AMLFE I LI PR 285 4
(R555, I n DARRAG S R 40 B 1 e 35 R & 1
(i, g midta R, EKE JAA) K
AR EFEDDCEER, AR E, T H RS Rk
FRUHBE IR ET . WFFE R, i (PO Hik
G LT R A A A A A B AR % D)
SIS, ARG (PSTD 6 &R ATIE W
BRI RE M IR, AR R LR bR T AL J
e PSTL S HrC G RERI 28 o F B A2 0 0 52 A4 1)
ThaeA A, R, & VR [0 4 W 5 o
B AR DLREBE S Rl (SS) IE BE i R A Rk I
(SPS) hy MR AR U B A0 T e, D65 7= LA
HERE 10 7 30 H R bR g o R B i e B 1)
TE R HHOG A R A 7= 2 I RE R S i K A5, IR
TR A R AR R ALY (ADPGPase) &Y K
(PR, e 2 emE R I G . DARBEFRPIA ]



502 R &R W B % 53 %

W it A A T R O T T A O, R A AR T
B, H 2R AR AN S N AT T i s Ay
PN I SR AU A5 A B A BB 52 2022 s 9T R M
WA RIS T NIEEE SRR Ot
AR AR AU BTG (AR 4k LU H A PC (H1y
B SRR, SR T8 s T 5 Ml X 3 it A A
FATY TR B AR BN A R . R,
SRR W A R A S
PR e S SLAE BRI A — 2R 5T . LR
PRI DG ) 0 DA ST LA 7 Bk H S S R 25 450k
MokL, R R BC RN EoREi sk, 78 H gy
KIH, MNVESER AR 6 PR AU Wl 1 Ay
JERFFE TG R85 6-BA.ABA FI NAA X H 256
B TR R LA BT 5 ol 3 (R S A 5N, DA
Ay A R 7R S S R G AR IR FH SR L B AR A
1 #RIERZE
1.1 K&t

RS AL 77 FAREE B AT R 25 5, T
2018 4F 5 J1 10 HAETT By A K51 BRI H b By W
SFOH P9 A R AR

NI VEH ALK (CK) +M S K. BT 5
(LD) +M-[ime K BT R+ [ ABA ¥l
(LD+ABA) | B 5+ 0 Wi i NAA %W
(LD+NAA) FIE T+l [ Wil 6-BA ¥ W
(LD+6-BA) 5 ANk, T 4% 100 d BT+ F AL 3,
TE 5 A 7K R B 1 57 Ak B2 1) 4 38 25 7K 5 4 ol A 1 358
FH JR) B KEF KB (7545) %F1 (55+5) %, |- A4b
PREFLE 20 d, RATIRANER) J7i%, RAUF 1485 K
ERFFIE S AL BRI K B Ve [ 2 N . WA AR
KT ) 3% b BEAE T AR FR S 25 10 R ES: 2 d
Wit 4 mg L' V%R (ABA) WM. 50 mg L' a-2%
2% (NAA) ¥ 30 mgL! 6-"F 2 FEME 14 (6-BA)
WO, AEREARIT F IE S THT Y AT e, e R R A
T R K, W EL N 57.8 mL-m?. 5K
R ZE G ERRT 720, BREF 0.22 m. ZEHF 0.8 m, /)
XA 19.2m? (6 mX3.2m) , FMNH 3 REH,
BEMLIX 2 HEF1

M R EG RS AT 117 ds 34T PC M b 720
BIRS B 9: 00—12: 00, MAEEAS/DNX kALK —
HEARMENIRERR 6 £k, EILEZEHI. AT
i EdRid PCO,, CO, Hi Ba>CO; R R AR 4% R
MNAERG ISR . bRiCRTE ARk e TSR A

LG E W IRL A4S 2 1, R T s RS 38N
BCO, R IEL1 Ty 8%k 30 mL, 32 W MIRIAS (A
220 40 mL. FRidH7E HRE IR E I 2 h 2 )5
BPE RIS, pridsgi 3 d fEoGk 3 fk, R 3
PET 160 d BEATCHR . FEHEFEAE 105°C %75 30 min,
SRIG TSCHETZRAEE, ek,

1.2 MEMBS5AE

.21 AYEMAFENE THHG 120 d X,
UCRFE 10 bR, dc st b 25y fof 55 R bR AR fif
o Kb EEE R S VIR A A G, FREL
BEFE 200 g Zi47, T 75°C N EEE, Wt Ty
H, THASE 160 d SOGR, BRI /NI, 3K
FFNX = P IE, AR

1.2.2 XE&ESHENE KM CIRAS-3 f#H#:0%
& MEAL (Hansatech, USA) MlEY&SH, T8
G 120 d B4 9: 00—11: 00 A LHHl CO, ik
400 pmol-mol™ . JLJE 25°C. JEITREE 1 200 pmolm™s™,
MEFetEE (P ILTHE (Gs) « 4R
CO, R (Ci) FIZREHZE (T1) .

1.2.3 "R EFRASENZE  HZEHED ) DhRent st
HEAT 20 min [RIISIE N AR, AR5 R M-PEA {45
B & NP6 (Hansatech, UKD )5 F Fr bl s
WS R ITE F 8N )k (O-J-1-P ih&k) . Bl 5 A
H JIP-test %} O-J-1-P th&E AT 2041, ##HT Fos Fvs Fm.
Fm’. Fj il Fva5ntat 2986240

1.2.4 SS. SPS #n ADPGase B /& MM = WYL/ X
B TR o FREL 0.5 g H 2k HRE S, i 7 mL
Hepes-NaOH 223 (pH=7.5) , VKBS 4250 3%,
BN 15 mL B0, 10 000X g 4°C &0
10 min, 35 A0 N B . BX 50 uL BB 50 uL
2P, 40 pL 25 mmol-L”! MgCl,. 40 uL 50 mmol-L™!
UDPG #1 20 pL 100 mmol-L™" 6-f & F 8%, 30°C 1R
30 min, 100°C¥E/K# 1 min, AIA 100 puL 2 mol-L™!
NaOH J£%], 100°C/K#+ 10 min, A 2.0 mL 30%HCI
A1 mL 1%08 2K %, JR24))5 80°C AR 10 min,
AHIG 480 nm PR LG, 05 AR IR T R L P
TR A R R R M o BRZE B KR ST N S S
R

1.2.5 " HARBENZFE SR B
AW vk (ELISAD , WA oksh, X576 i g 5t
AR TR AT . ] 0.1 mol-L™' PBS 23
W (pH=7.3) $RHCAN W, FH M I G 92 W B 32
(ELISA) & NJREE (KR (ABA) « HEKZH



33 TAmma: Bl AT RIZ R H T R ha L 503

(IAA) « FXKEEREZT (ZR) ) F&E.
1.2.6 MEAHEER 'C FEME KW HZE
TR/ Ve Jo ME T B, FH R 47 35 L 28 % A (IRMS)
15 9 [0 0 K25 S AE 7 03 12 AR R} 2 B A e 1 )
P S s sE §C KA R (C%) o bk
wre

FEdhH BC AR Z HE R = (8"C/1000+1) XR i;

R BCRER=R w/ (Ru+1) XC%XEHY
ETE (g);

BC AR (%) =izt PC BER/MIEE PC
TR X100,
1, R ARV BIRERRIA 2 LU, R = 1.078328406,
1.3 HIEHHAE

% JH Microsoft Excel 2010 1503856 B ds 5 (5 f
YEE, H SPSS 20.0 AHATEAR G934, 7 %5y
T LA AT A) PR 00 22 57, LSR ¥ EL A 1340 i ) ) 22
SERERE; H DPS 7.5 WA TIE L R 5 ALE

160~ a O #b F3% Underground portion

120

80

40

ZHTs KM Canocod.5 BAX YA = S il 5
AR AT P YR G YOG R BT RDA (redundancy
analysis) 73T

2 4R
2.1 FEPMABTEMEKIFSHMEEEMENE
21

TRl S ECH s BRI Y R BT
IEEALK (P<0.05) , 1MW 6-BA FI ABA AEANFA
FREE T S e i a2k, BT S IaAe L,
Wit 6-BA LML EFSTH) BRI 9.62%, Wi
ABA AbEIHENE S 3.58% (& 1) 5 1wl NAA Rk
AR T RMHAN, WA F AR R0 R T
Wy 5 () AR AR b R A o A — 8,
TR A BT 6-BA> Wi ABA . BT ST,
Wt AU AR T S T i R B S A s
W AN ) A AR =, Wi 6-BA SRR RUR Bk

I #h 1% Above-ground portion

T4 Jfi i Dry matter content (g/plant)

120

160 -

i d c d 2
0 1 1 1 1 ]
CK LD LD+ABA LD+NAA LD+6-BA
40
80
C b C b
a

NENG FHREFR IR BEAE 0.05 /K25 573 3% Different small letters indicate significant difference at 0.05 level

E1 FEMETHEREEKFATTNEETYRENZM (120D
Fig. 1 Effects of spraying growth regulators on dry matter content of sweet potato under drought stress (120 d)
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Table 1 Effects of spraying growth regulators on yield of
sweet potato under drought stress (160 d)

P FeRE LNVSE 2 R EE

Treatment Yield (thm™ FW) Root number Root weight (g)

CK 33.80£1.21a 3.17+0.05a 213.47+2.49a

LD 27.46+0.45d 2.3340.04¢ 205.36+1.40e

LD+ABA 30.44+0.88bc 2.67+0.05¢ 211.31+0.89¢

LD+NAA 29.71£0.50¢ 2.50+0.03d 208.73+1.04d

LD+6-BA 32.10+1.06ab 2.83+40.04b 212.47+1.59b

FFIAR AR R ER B3 (P<0.05). T
Different letters in the same column mean significant differences at 0.05
level. The same as below
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Table 2 Effects of spraying growth regulators on the accumulation of '*C in sweet potato under drought stress

I} 3 Ab 3 RRRE - BaN e = an LS HUR BaN e ZHHR B
Stage Treatment Total accumulation Leaf Distribution Stem Distribution  Root tuber  Distribution Fibrous root Distribution
(ng/plant) (ng/plant) rate (%) (ug/plant) rate (%) (ng/plant) rate (%) (ng/plant) rate (%)
BAM  CK 166740232  6.32+0.07a 37.9120.65¢ 2.48+0.07a 14.89+027c 7.28+0.12a 43.68:0.40a 0.59£0.07a 3.51£0.36d
EtXpa“Si"“ LD 6.53£0.15¢  3.05:0.09¢ 46.73+1.15a 1.42+0.07c 21.73+0.57a 1.7240.0de 26.33+0.67d 0.34+0.03d 5.21+0.43a
stage
LD+ABA  10.82+0.17c  3.85:0.14d 35.57+1.06d 1.91+0.12b 17.64+1.02b 4.7320.08c 43.67+0.12a 0.34+0.05d 3.11+0.48¢
LD+NAA  1042+0.17d  4.48+0.13c 42.96+0.85b 1.87+0.06b 17.9140.34b 3.66£0.09d 35.1240.96c 0.4240.03c  4.01+0.29b
LD+6-BA  13.60+0.15b  5.36+0.06b 39.44+0.38c 1.96£0.10b 14.41£0.59c 5.76£0.07b 42.35£0.55b 0.52+0.04b  3.80+0.29¢
Wk CK 153740272 4.0940.08a 26.59+0.03b 1.94:0.08a 12.62+0.30b 9.12+0.07a 59.35:0.78b 0.22+0.04c  1.44+0.24b
Iiarmt LD 6.0940.04c  1.98+0.02d 32.53+0.58a 1.04+0.03d 17.00:+0.22a 2.95:0.08¢ 48.44+£0.77c 0.1240.01d  2.02+0.16b
stage
LD+ABA  9.93x0.04c  224+0.0lc 23.76£0.30d 120£0.04c 12.25£0.40b 6.08£0.06c 61.85£0.36a 0.34+0.05b 3.49+£0.29a
LD+NAA  9.674020d  2.40£0.09c 25.09+1.08c 1.17£0.06c 12.23£0.67b 5.6240.03d 58.73+0.05b 0.38+0.07ab 3.96+0.65a
LD+6-BA  12.51£0.07b  3.38£0.06b 27.04£0.55b 1.36£0.07b 10.9020.42c 7.33£0.04b 58.62+0.25b 0.43+0.0la 3.33£0.03a
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Table 3  Effects of spraying growth regulators on photosynthetic characteristics of sweet potato leaves under drought stress (120 d)

pusi! S nEpuE A AL 2RI B CO, MRS
Treatment Pn (mol'm™?s™) Tr (mmol'm™>s™) Gs (mmol'm™s™) Ci (mol'mol™)
CK 20.60+0.70a 5.11+0.04a 390.50+20.60a 280.57+11.70a
LD 18.58+1.46b 3.16+£0.91c 212.67+11.30c 240.00+6.32¢
LD+ABA 19.34+0.68b 3.09+0.06d 201.33+11.98d 253.86+5.25b
LD+NAA 18.78+0.96b 3.21+0.26¢ 214.94+15.11¢ 243.64+7.71bc
LD+6-BA 20.61+0.40a 3.51+0.04b 235.95+10.98b 277.23+8.42a

x4 TEPETBEEACE T EEM FHERETOCE SRR

Table 4 Effects of spraying growth regulators on chlorophyll fluorescence characteristics of sweet potato leaves under drought

stress
AbPE Treatment Fv/Fm PI abs ABS/CSm ETo/CSm TRo/ABS
CK 0.69+0.02a 2.3240.16b 28784+1878a 9916+211ab 0.69+0.04a
LD 0.55+0.04d 1.23+0.08d 20875+594c¢ 5744+756d 0.56+0.05b
LD+ABA 0.64+0.02b 2.03+0.06¢ 25412+1474b 8955+207b 0.70+0.04a
LD+NAA 0.60+0.03¢ 1.94+0.08¢ 28684+488a 7854+688¢ 0.65+0.03a
LD+6-BA 0.66+0.01b 2.90+0.16a 28312+910a 10750+717a 0.70+0.01a

AT T T BE PR S B H i B ek 2
B (Fv/Fm) sgd. 51 2 MbaAitt, mwiit 6-BA
ARSI T 20.00%, Wit ABA PRGN T 16.36%,
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fa4l (Plabs) . A7 AR DG RE (ABS/CSm)
FAT PR GER (ETo/CSm) 78 2L A,
15 3R I it AN ) AR AR A5 A6 H 2 B TRo/
ABS MM . W AE KR H 2 PSIIT
A REA BIZZ MR A, ¢ @the Bl PSIL [n] PSI 4%
R, I CO, (R4 i A ] A= i 7 77
M, Wi 6-BA ZERSUR etk .
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BB CSPS ) IR W R A OB £ 6 IR AL I
(ADPGase) K EIIBACHTBEMEAL & %, RERE iz
FVER AR SR HE T IR K. 5 9hia T H
B F SS. SPS Al ADPGase Mgl It i 2 T 1E it
K (P<<0.05) , TS AN [ A= KA 15 738 REA [ B 5
TSP g ik . 5 REMaAaLE, g
Jiti 6-BA. ABA Fl NAA 3 AMAb#EL SS JiEME3 42
29.59%.19.25%F11 13.03%, SPS ¥ P43 I 1 23.11%-
18.45%7#11 8.87%, ADPGase %12 I E 33.33%.
29.10%F1 15.67% (£ 5) - THMHE T, WEAK
TFI LA s H 2SS Al SPS B G, Rk
TERCSIR S RN 4 & H 2 ADPGase B (1935 1,
PRIETERD IR TE s RR B o B lt AN [] A T 1 7001 55
Wit 6-BA SRR fedE

®5 TEMETEEEKETHIEZE SS. SPS 1 ADPGase BEiE MRS (120 d)
Table 5 Effects of spraying growth regulators on SS,SPS and ADPGase in sweet potato leaves under drought stress (120 d)

AbEE Treatment SS (mg Suc-g”! FW-h')

SPS (mg Suc-g” FW-h™)

ADPGase (umol NADPH-g"' FW-h'")

CK 24.284+0.34a
LD 17.80+0.31e
LD+ABA 21.2240.35¢
LD+NAA 20.124+0.49d

LD+6-BA 23.06+0.20b

22.31+0.34a 5.98+0.34a
17.09+0.04¢ 4.02+0.04e
20.24+0.36¢ 5.19+0.36¢
18.61+0.38d 4.65+0.38d
21.04+0.19b 5.36+0.19b
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TR H B A KR R0 N R 2R E s it
AN AR I 5, Wit 6-BA Al R dmefE

x 6 TEBETHEREKBEHIXNHEEHRRAREES
SRS

Table 6 Effects of spraying growth regulators on endogenous

hormones in sweet potato leaves under drought stress

Bt ZR IAA ABA
Treatment (ng-g' FW) (ng-g' FW) (ng-g' FW)
CK 35.68+0.87a 114.50+8.13a 191.43+1.34¢
LD 25.69+1.00d 75.75+1.18d 247.36+2.30b
LD+ABA 29.06+0.17¢c 81.83+1.96¢ 270.31£1.29a
LD+NAA 28.02+0.34c 88.13+3.56b 221.49+6.48¢c
LD+6-BA 30.50+0.69b 84.06+1.81c 215.77+3.46d

TR S EH 2 ABA SEEFERS T 29.22%
(P<0.05) o T FHHa FWUESNE ABA e e
HEnt - ABA &, HINT 41.21%; 1 TFHha T
AN 6-BA R NAA fig 2 Z K H 20 A ABA &
H, R T 15.70%M1 12.71%.
2.6 ERTEADMEBESH

PLHZ Pn (X)) .« Gs (X,) « Fv/Fm (X3) .
PI abs (X4) + ABS/CSm (Xs) . SS (Xg) + SPS (X;) -
ADPGase (Xg) + ZR (Xo) 1 ABA (X,o) HHAZ=,
HE P BER (Y, IAPUR PC BB AN
AT B L BT, HHKRA Y=1243+
0.09X,+0.01X,+0.37X540.05X,+0.01X5+0.06X+0.05X;
+0.41X4+0.03X0+0.06X,, (R=0.997. F=71.52., P=
0.0005) , VLWL FAEbRER MmN HE PC AR
FHERE. D AL R E R PC
I3 TCZE S PRI RN, AWFFREAT Tl (GR 7).
GRRW, ETRAM PARAKIE R HE P
YOI ELEAE ) R EUR NI /E Pn. SPS. ABA. ZR.
SS Ml Fv/Fm. IXEWT5HE N, Pn. SPS. ABA.
ZR. SS Ml Fv/Fm &2 S1EH
2.7 FTELEMEBELEFHMRRESES ST

AR ZE S IMAY RDA 247

h T AT R AN ] AR R SR DT R K

®71 TEPETEKBHFMEERAY " HERESEBIERNBERAY

Table 7 Path coefficient between physiological indexes and '*C accumulation of sweet potato by growth regulators during

expansion period under drought stress

TR T HARRON [N Indirect effect

Action factor - Directaction —Pn —Gs —Fv/Fm —Plabs —ABS/CSm —SS —SPS  —ADPGase = —ZR —ABA
Pn 1.5730 0.1240 0.0031  -0.8223 0.0959 0.0603 0.0381 -0.6058 1.0433  -0.6749
Gs 0.3297 0.0279 0.0012 0.0177 0.0736 0.0556 0.0357 -0.1108 0.0516 0.3714
Fv/Fm 0.8119 0.0123 0.0328 -0.0138 -0.0319 -0.0042 -0.0064 0.0235 0.0086  -0.0834
PI abs 0.0303 0.0349 0.1922 0.0054 0.0677 0.0454 0.0272 -0.0782 0.0391 0.3159
ABS/CSm 0.1727 -0.0263 0.1404 -0.0022 -0.0119 0.0573 0.0328 -0.1000 0.0289 0.5702
SS 1.0762 0.0374 0.2405 -1.3207 0.1181 0.1299 0.0470 -0.1960 0.0473 0.5867
SPS 1.3484 -0.6372 0.2429 -1.9016 -0.2170 0.4171 0.0741 -0.1417 1.0473 0.5540
ADPGase 0.1439 0.0348 0.2540  -0.0019 0.0165 -0.1200 0.0742 0.0477 -0.0478 0.5519
ZR 1.1557 0.0368 0.3054 0.9018  -0.9130 -0.0894 0.0648 0.0411 -1.1234 0.4757
ABA 1.1986 -0.0352  -0.1917 0.0015 1.0150 -0.9542 -0.0700 -0.0920 0.1243 -0.0415

YUE REL R=0.9944, R AXiAE R HL Pe=0.0746
Determination coefficient R=0.9944, Residual path coefficient Pe=0.0746
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SPS. Pn. Gs. ETo/CSm. TRo/ABS fil ABS/CSm £
EUFINZTE SRR, UL A R 6-BA SRR
Rtk

[
.
H
80 | LD+ABA
' ABA
{ ;
Distribution rate of H
13C in root tuber E LD+NAA
4 ABS/CSm E
.
TRo/ABS E
.
Accumulation of *C in root tuber 4
\ :
] Total accumulation of '*C '
BN SPS \ H
< Accumulation of °C in stem SS —= = N
S ORI ci 12 2 e AL == RN
= — 7
2 Accumulation of *C in leaves
@ ZR Pn —-
4 : Distribution rate
: of *Cin stem
.
.
Accumulation of '*C C in fibrous root 3
Ci :
T PI abs 4
Gs d
.
v CK 1 Distribution rate
E of *C in leaves
T E Distribution rate of
- E 13C in fibrous root LD
8.0 t Fv/Fm
H
-1.5 RDA axisl 1 (69.0%) 1.0

RDA 53 H1 3 W11 P9 A HE P S AR R 43 A 31 69.0%H1 9.9%, LS4 RIEA K P=0.002, ik B ME/KT

The coordination from the first two ordination axes was explained by 69.0% and 9.9% of the variance. The significance based on Monte Carlo permutation test

of all canonical axes was P=0.002

2 HEAGFYRBESES A ESHIEFRIRMZE RDA 247

Fig. 2
hormones of sweet potato
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M 1] B2 1) P A2 336 BEL 7 5 A B8 ] 4K 72 CO,

Redundancy analysis between photosynthesis product accumulation and photosynthetic characteristics, endogenous

(A 2, Mk 2 P et SR, AT
CE P L AR R AR P OF R AR HeRE . 55—
JTH, WA Y AT DU R R R RERE IR A
FRG RN BERE 2 R (K v L), Je s B R T
e, I ATMEIE AR RN, R
. T AR A R Y AL P L R
5 PSILAN P S0 A AR I & - Wi e . A
W PC BRI TIA RN, R ha R s
KA, A1 2RI PC BB A SN T 26.10%—
75.68%F1 31.43%—37.98% (P<<0.05) »
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HMINAA 7] LL G452 Fv/Fm 1 Pl abs, 3 BRI
Jiti 6-BA. ABA Fl NAA nJ &5 K1 5 Wi S 30U il
A ARG, $em PSIT N Ao o 1A% 36 1) g B
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Effects of Nitrogen Fertilizer Level and Planting Density on Changes in Soil Nutrient contents
and Nitrogen Use Efficiency in Rice

LI Siping, ZENG Lusheng’, WU Lipeng, ZHANG Yuxiao, XIE Junrui, DING Xiaodong"

(College of Resources and Environment, Qingdao Agricultural University, Qingdao 266109, China; *Corresponding author, E-mail: zenglsh@163.com;
xiaodongding2004@163.com)

Abstract: [Objetive] In order to improve soil fertility, rice grain yield, and nitrogen fertilizer utilization efficiency,
[ Method ] a two-factor field experiment (nitrogen fertilizer level and planting density) was carried out in paddy fields in
Rencheng District, Jining City, Shandong Province. The nitrogen application rates were as follows: zero nitrogen (N,), 0
kg/hm?; low nitrogen (N,), 216 kg/hm?; medium nitrogen (Ns), 288 kg/hm?; and high nitrogen (Ny), 360 kg/hm?, coupling
with three planting densities including low density(D;, 240 000 hill’/hm?), medium density(D,, 270 000 hill/hm?) and high
density(D3, 300 000 hill/lhm?). The soil nutrient contents and nitrogen use efficiency were measured in mature stage under
different nitrogen fertilizer levels and planting densities. [Result] The contents of nitrogen, phosphorus, potassium and
organic matter decreased significantly with the deepening soil layer. Among them, the content of alkali nitrogen in D3N,
treatment decreased by 60.8%, and the content of available phosphorus in D3N3 treatment decreased by 72.7%. With the
increase of nitrogen application rate, the soil pH and organic matter content decreased, and the available potassium
content increased, the partial productivity of fertilizer and nitrogen fertilizer agricultural utilization efficiency decreased,
and yield increased first and then decreased. With the increase of planting density, the soil pH and available phosphorus
decreased, the alkali nitrogen content of surface soil increased slightly, and the organic matter content, yield and fertilizer
partial productivity increased first and then decreased, and the nitrogen agricultural utilization efficiency decreased.
[ Conclusion] Under D,N3, the rice yield was the highest, reaching 14 615.3 kg/hm?. At the same density, the nitrogen
fertilizer level of N, help give rise to higher rice yield, nitrogen fertilizer agricultural utilization efficiency and fertilizer
partial productivity. The research results can be referenced in actual production.
Keywords: application level of nitrogen fertilizer; planting density; rice; soil nutrient; yield; fertilizer use efficiency

H E: [HN) ARJOKREERAIRAE 5, KRR, ZIEFAREARSENE, [5E)] TiAE
T TAT I X KA R B R/ 5 2 U 2K RS, % 4 MR K, BITEA(NL, 0 kg/hm?). (KA
(N, 216 kg/hm?). 1%(Ng, 288 kg/hm?)HIEi & (N,, 360 kgfhm?); FRAS5 v 3 MR, BIMIES 2 (24 J57%/hm?).
5 B (27 T3 Ihm?) Rl (30 T3 /Rhm?)e BARR FEAN RN RUIE A ST R 2 P R 7K R A S 39 97 432 B S /U
FIR R, [E5R]) b5 2R, & B 8. VRS ENHE TR, Hh DN, SHBMEASET
F%7 60.8%, DaNa AbF# SR IEKT 72.7%. ME BRI, 5 pH ﬁﬂlﬁm{ﬁ SEAFT TR, S

FRIAE, ERMRA R IRR FE R R, PRATHR SRR, S RE T RN, 13 pH [ 5EAL
WS EA T, RELERAEASBSE A, AYRS RS ELRMRE = 55T G AR, RRR 2
R R AR, (450 ) M3 oA 27 J-hm? i, %UIE T £ 288 kg/lhm?, 7K & Bt i, A 14 615.3 kg/hm?;
ARTR] 35 P R BB I8 216 kg/hm? i, KR8~ . BUIBAR 2 AR AR A 7 1350k v o TF 70 45 SR vl 78 S b 72

IFSHER: 2019-04-12; f&XdsUaZI HER: 2019-11-04,
HEWR: (L EEIAL k 27K T8 613 BB\ 22 151 H (SDAIT-17-05); [E K & S HF kR BHH (2018 YFD0200204-06) -
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7 R, FRaEtICARE RS & E
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fogem, BIANCHBREZMI. RESSIREN,
& AT RUE A RE R I KR i, HEnKRE R

AFHaA
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BRI
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BRI PR GRr, FEARTIE pH H. KE5%
ROVGE TN Ty, FE KRS # 5 AL o A8 343 Ve 2R
RE W] 28 S KRR RO AR BRI, A B TR Mtk
FAE, BEREKEE TSR SA YU
B AR 2 o T RUNE 5 AL AR LA P Y -8
TR AR RE I BNEA R 5t — DR 1l
RAEIX L IROIERE 0888, KRR LR, ZUIER
IR . AHE T WA R ZUE KPR
# TN KRR B Y] R TR O B e RUIE A AR
224, Zia/KREFRALREE, DU S SROKREERALH
BHREEE N EEHE, AL AR
DL R AL E KT -

1 MESETHE

1.1 RewR

RIS AE L ARG TAESOK GRS AT, LIk
AUONAE b £ B+ KR 0—20 cm 12
HIEREA AL A pH 8.1, A WL 11.7 g/kg, 4
% 1.19 g/kg, 4% 0.85 g/kg, 441 1.31 g/kg, L
T 24.6 mg/kg, HREH 212.0 mg/kg. IG5 N
ZFRKHG, APy ERE 18, T 2017 4E 6 A 17 Hid
F, 10 H 15 H i) o i IR HE R 2 (2 N 46 %),
T ERES (7 P05 16% ) SHALHH (& KO 60% ) Ffi
FR%E¥(ZnSO, 7H,0).
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The data in the figure are from China Meteorological Data Network.
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Fig. 1. Trends of daily average temperature and daily average precipitation during rice growth period in Jining rice region of

Shandong Province.
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F 1 ARKESHEZEEINKERARFIELE pH EMEZE
Table 1. Effect of nitrogen fertilizer level and planting density on pH of different soil layers in rice maturity.
p oSz +EHE Soil layer HH B
Treatment 0—20cm 20—40 cm Average value Coefficient of variation
DiNy 7.7240.06 b 7.8740.02 ¢ 7.80 0.014
D;N, 7.6940.01 bc 7.75#0.01 e 7.72 0.005
D;N3 7.8740.06 a 7.9940.09 ab 7.93 0.011
DiNy 7.914.05a 8.0340.02 a 797 0.011
D,Ny 7.6940.01 bc 7.9840.02 ab 7.84 0.026
D,N, 7.6540.04 bed 7.8040.02 de 7.73 0.014
D,N3 7.6340.05 cd 7.7440.06 e 7.69 0.010
DyNy 7.5940.01 de 7.6640.07 f 7.63 0.006
D3Ny 7.6940.03 bc 7.9440.02 b 7.82 0.023
DsN2 7.7140.03 b 7.8440.01 cd 7.78 0.012
D3N3 7.5440.06 ef 7.8240.03 cd 7.68 0.026
D3N4 7.5140.01f 7.99+40.03 ab 7.75 0.044
ZFUE/KFE Nitrogen level(N) * wk
F A % Planting density(D) ool ol
N)O *kk *kk

N — Z e A & Okg/hm?; No— &I A & 216kg/hm?; N3—ZUIEH 8 288kg/hm?; N, — &I A & 360kg/hm?; Dy — #4755 24 J37%/hm?; D,— 4
B 27 TiIhm?; Da— A 30 JiRhm? . SHATEIRE ARG FREE R AL BRI P<0.05 KT 2R B3, * P<0.05; ** P<0.01; *** P

<0.001. FFEM.

N1, Zero nitrogen, Okg/hmz; N, Low nitrogen application level, 216 kg/hmz; N3, Medium nitrogen level, 288 kg/hmz; N4, High nitrogen level, 360 kg/hmz;
D;, Planting density of 24000 hill/hm?; D,, Planting density of 27000 hill’/hm?; D3, Planting density of 30000 hill/lhm? Different lowercase letters in each line
indicate significant difference at P < 0.05 level; *, P<<0.05; ** P<<0.01; *** P<C0.001. The same as in tables and figures below.

1.2 R

PRI TRt 2R R 2 B U R R AR, i A
(& aigm) B 4 MKF: RN, 0kglhm?; IR
(N,), 216 kg/hm?; H1%((N3), 288 kg/hm?; Ei%((Na),
360 kg/hm?®. i, s (Na) AR B U A & . /K
FEIRRHLAS R, 20 3 MBRIE: RSEE, 24 JiR
Ihm?; HREERE, 27 Jihm?;s EESEE, 30 J570/hm?.
o, AREEFE N M R R . 3k 12 AN b,
3WES . /NX A 30.24 m?(3.6 mx8.4 m), BhEHL
XA, /X 2 HERNE T, kAT E
DL 40 cm, bl EfREE 60 cm. XA (A1 E
60 cm % FIHERETE , HEFET o ST 5 58 B R B A%
25~30 cm fEIKIA, AHB/NX AT AR . &
BRIV, b 3EAn, SR, D EEE. AHAD
it % SR 30%, 25%, 35%F1 10%.
g R FH B (1T P,06)112.5 kg/hm?, A= 1EREAE, 44
JEF & (3T & K,0)112.5 kg/hm?, 2 #/EREAE ., &4k
PR R R B 15 kg/hm? o 7K Rt S 1) £ 45 FH i
IKABE 1~6 om, 5 FhRE 2 /&% 58— K B H s
A2, HAd P ) A P A e 4 b VR EAT
1.3 MEmMBRFZE

FoKFE AR AE IR, T 4599 B R B
% /INX 0~20 cm.20~40 cm A2 i R
FNX BREL SRR, [HZ ERER A G FAlTELE
K EETHEABARNT £4% & Imm 53
SRARAE . TKRBUR AR /N X 1mP T K RE

T, A S AT R AR

I AT E 22 SCHER[A7); 4 pH {ERH
ST-2100 2¢ pH THEEAT I E 5 IR 2R F B4
O s b33 RO R FH ik BR A IR e LU (il
5 R A SR I R e — K A B TR 5
TP R A TR A F VA E
14 it

K H SPSS 20.0 #l1 Microsoft Office Excel L{E
T B s T & b, R mIER. T E
T BB AR TR () 808 22 5, LSD vk EeEs- a5
(B )22 S 1, AT A O AT BRI 20t
G778 IR 2 P 2 (kg k)= (e SR b B 7 B —
At = )i AERMRAE = 77 (kglkg) = it
R 5 B R1S R ERD = s M ARSI N &

2 SRS

21 RAEKEEREZEENKERAHCELE
pH BYEZ M

R 15T H, )2 L3RR pH {EAE 7.54~
8.03 Z[Mykzh, AR 3. BEELEmME, &%
AbFE A3 pH YA T, H DINg AR 20—
40 cm + )2 pH &, N 8.03. FEEFAEEER K,
pH B FTR%, TIRMACFERE NS, HARMEZ X 0
—20 cm F120—40 cm )2 pH FIFZ M AT 2 .
B AL, M E R m, %12 pH



72
140r W 0—20cm
1201
b b
g
f‘D 100f
0 C
=
;, C
_E 8o
%ﬂ s
i © A
2
& - A
gy 0 +
= o W
= B Wit
o b o
=] 3 5
» 40 3 [543
2 < B
= ¥ 5
< s B
= = ]
< 20 pesed BEE
pocs 5]
ioo
' o
x
DN,

Hp [E K R A2 (Chin J Rice Sci) 55 34 455 1 11(2020 £ 1 H)

@B 20—40 cm

>

S E
o
ST
sat)

&
FH T

.
‘.
e

e,
3

'
ot
O

3
oo

{0
2o

52525

i
38

85

i+
ety

0

-

vy
&

o
&
(2

i

.0

;
-+
S
Lo,
Lt
225

",

P
o] [

&
o
S5

'
&
&
X
-
35

,
¥
&%
25
=
Z
5

L
£33
550
e
3365
S

ok

oy
2
et
T
S
ate

e
Jasises
et

;Z OO0
S

u s

AbF Treatment

PR 05 ARl NG A BER R AR AR B ] 0—20 em )2 7E P<0.05 /K EZER R AFIKE 5B R AR 4L E 20—40cm L J27E P<0.05 EZ 5

#. K 3~4TF.

Different lowercase letters above the bars indicate significant difference between the 0-20cm soil layers at P<0.05 level, and different capital letters indicate
significant difference between 20—40 cm soil layer at P <0.05 level. The same as in figures below.
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Fig. 2. Effect of nitrogen fertilizer level and planting density on alkali nitrogen content in different soil layers during rice

maturity.

ThE s, 11 0—20 cm 4 DNy 4 pH g
7.71, 1 DNy AbFE pH =5i8 7.91. BAEF. S
AhEERT, BEEMEEEIEMN, SO EE pH AT
B, 1 0—20cm 12 1) D3N1 4L 2 pH 24 7.69,
T DaNg AEFRNMKE 7.51. HEAEKFXT 0—20 cm
+JZ pH R 2, Xt 20—40 cm )2 pH ik &
. 7o, EARELES, FAEKS RE %
L H NI R
22 FEKEEREZENKERAATERLE
RS =0

H 2 ATAn, BEE LIRS A B A
EIHE R, Ho DN, AFEE R S & N
B, HIREM 1143 mgkg FREEIRIZN 44.8
mg/kg, FF%T 60.8%. 0—20 cm L JZHfRE & &
TE 5% BT b i G 2 W ey 1 20—40 cm -
EE R S E M A E e T = K, BAE
N 7K TR A VAR . Bt R A 5 BE 38 on, 0—20 cm
TR AR S E AT EES . RER 2 BER ST
w1, BB KT AN AE % % 0—20 cm AT 20—40 cm
T ER R S RSN R . SAh, AR
HRUIE K T 55 A 8 B (A8 B A8 A 2
23 FAEKTEEREZEENKERAHIELE
MR =R

H 3 AT, BEE LERIINTR, &b

=1
=]

~

SRR TR, HPRER KM DaNg Ab3LE K
B EHEEM 928 mgkg FHBEEIREM 253
ma/kg, FEAK T 72.7%. IR BT 5 A BE 1R 250 5
IR, WA, RS E R
gykiEts . Hi®R 2 vH, BREEES 0—20 cm
F120—40 cm 2 S EIA MR E . A
1) 60 P 2 7K 56 % 2 3 Rl R B i % B
K, FHEAERT 0—20 cm 2@ 2l & B0 3
s2, {H 20—40 cm - Z A SR R
i e R R N e T v R AR, TR R
T E . HEIEAK TR 20—40 cm 4 23wk &
EAWEELW, HTE0—20 cm Al 20—40 cm +
JEH, BT 5 o 2 1 A8 EL AN A 3
24 RBKFEEREZENKERBIANELE
EYHEENFI

FHE 4 a s, Bl 2R S5 A B R et
B REAK, HP MRS K DIN, HE R E R
166.2 mg/kg ~FEEIF)ZH) 88.9 mg/kg, FEAC T
46.5%. TLHEN)FRE(N) AT, LIS
AR B T A PR, T AU(NG) R A
(N ZEAETR, IR o S e % B T = A T
EitaH, H 0—20 cm 5 20—40 cm 2 #5E R
SEAEBIEAR B hE 2wk, BIEKTM
A 5 EEXT 0—20 cm 1 20— 40 cm + Z R &
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Fig. 3. Effect of nitrogen fertilizer level and planting density on available phosphorus content in different soil layers during
rice maturity.

®2 REKFEHEZENKBELIRERR. BN, BYHRSEBNZME R
Table 2. Effects of nitrogen fertilizer level and planting density on the contents of alkali nitrogen, available phosphorus and
available potassium in rice soil.

K& B Alkaline nitrogen AR Available phosphorus KR Available potassium
Factor analysis 0—20cm 20—40cm 0—20cm 20—40cm 0—20cm 20—40cm
%UIE/KF Nitrogen level ookl ek NS ek ek ok
;‘F‘jz* "erg Density *kk **k *kk *kk *kk *kk
N )O *kk **k **k *kk *kk *kk
B 0—20 cm B8 20—40 ¢m a a
200 L b
A
150
g
&

100

50

¥
Available potassium content/(mg-kg™)

mm
ALFE Treatment
B4 RALKTSREREIKEERAANE L RER S 20
Fig. 4. Effect of nitrogen fertilizer level and planting density on available potassium content in different soil layers during
rice maturity.
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Table 3. Effect of nitrogen fertilizer level and planting density on organic matter content in different soil layers during rice
maturity. a/kg
s +#E % Soil level Bl A5 REL
Treatment 0—20cm 20—40cm Average value Coefficient of variation
D:N; 25.14.2 ab 14.740.3 de 19.9 0.37
DiN, 208+2.7d 18.8+1.1ab 19.8 0.07
D;N3 21.240.6 cd 1274 6e 17.0 0.35
DiN, 25.740.9a 16.0#2.0 cd 20.9 0.33
D,N; 22.4490.5 bed 19.620.7 a 210 0.09
D,N, 25.042.8 ab 17.3#.0 abc 212 0.26
D,Ns 23.740.5 abc 17.941.8 abc 20.8 0.20
D,N, 24.140.7 ab 19.01.6 ab 216 0.17
DsN; 23.240.5 be 16.740.4 bed 20.0 0.23
DsN, 24.841.9 ab 16.240.5 cd 20.5 0.30
D3N3 22.642.7 bed 16.841.9 bed 19.7 0.21
D3N, 22.940.3 be 129423e 17.9 0.40
%UJIE/KF Nitrogen level(N) * sk
FAE %5 % Planting density(D) NS *
N>D ok stk

BYRREE. B, FEERIKE SR
(IAZ BN A AR 2 3
25 HBRKEEHEBENKERABAELE
BIREEHENT

M 3 HEnT s, HEEE LEMER, SaEf
WU &= R, Hrp DN, A F ) 0—20 cm
YT S BN 25.7 glkg, 20—40 cm HIEA L
JiE N 16.0 glkg, NFET 37.7%. ARAEE BN O
—20 cm LEA VR & EICEER, Xt 20—40
cm HEF P A R EE . HEEKFX 0—20
cm 12 pH F2mE 2, X 20—40 cm )2 pH 520
WiRE. Hoh, EARLES, FIEKESHiE%E
FEIAE BN SN R 2 . i35 4b 3 0—40 cm
TEAYUREENIERTUE 1, hEERE K
LAV & ER S Mg EEm, . K%
JE U B i RS SN R, T
FER, AL 2 il it 2 485 i i B AT
2.6 FABKFEERHEEE T KFES~E RKERFB
e oA

MR 4 W%, SUIE 5 A 5% HAE X KRS
PR WEE . DNy AR E, Ak 14
615.3 kg/hm®, XfEL# MIALEE DiNg, 75 B
18.5%; FLU/E DNy, 77 E A4 14 366.2 kg/hm?. D3N,
AbFE ARG, 1A 8 221.1 kg/hm? . MENEAK -k
%, 288 kg/hm? IR NE A B AR E. MRS EE,
27 T3 7% Ihm?® R 55 B B o M= B DR T R

E, BICACEFIARAE R TR0, fE. ghseX
(A8 3K B4 R BN 535, e RO U I KT
IR 25 58 (1) B DR i 7 8 A R 3, AR L
AP B, DoNg AbFE R, DaN; ff, i
TR FEREE R R = B f S B A IR o MR FH K
FORE, MEMREEM, . REE AR EIE
REZEFIR R A GG, Mm% E T DN, AbH
RIERZRAMET EE L . B DaN,g AHAI
REAR 22 F) % e, N 10.49 kglkg, {H7P B AR
DNy AbER SRR F A% . 5T HEARM 26 7= 771
5, SEETFHUAERR N, BN, H
FEEAE R R, FEE I MAEF R . G
BRI, DoNg T DN, AT HEFEAE A= h 2 2%
B
27 REKTEEFEZEEATEREIERSS
IKFEFEE MDA R R M 2

M 5 AT %0, KRS~ S s R . SR
SRS (r=0.57 M r=0.44"), {H5 13 pH 1
IR A, S HADE AR S R IR B
RAEF R 5 M A & 8 5 E M %
(r=0.58"), 51338 pH -1 358l Bl A G . IR
A7 5 S AR S B B S A (r=0.527) .
Ab, WEFERIL1E pH S GBS B, M5
BRARE. SIS . B S R . B
FH O PE Ry, RO S R 2 TA) I A ok
(r=0.32).
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Table 4. Effects of interaction between nitrogen level and planting density on rice yield, its components and fertilizer use

efficiency.
Jhs gy TR FE LA SR FABAR 2RI A% EAHR A= 71
Treatment Yieldl (kg hm ™) Thousand seed Number of panicles Grain number per  Seed setting  Nitrogen fertilizer agricultural Fertilizer partial
weight/g per 667m?/(<10%) panicle rate/% utilization efficiency/ (kg kg ™)  productivity/ ( kg kg ™)

D:N; 11124.14799.2 b 225403cd  220.3+6.7d 224.7#12.3 abc 89.0+.2 abc / 49.44
D:N; 11957.94299.7 b 21.240.4f 246.0413.8 cd 229.748.7a 89.3+.1ab 3.86 27.12
D:N3 12331.74949.1 b 24140.7a 248.647.9 cd 205.9+10.8 cd 87.540.7 cde 4.19 24.04
D:iNy 11338.7#49.9 ¢ 21.3H.2 ef 241.8+15.6 cd 220.0+11.3 abc 88.5:4+1.0 be 0.60 19.38
D:N; 13037.5+1398.6 ab 22.94#05bc  253.6%22.1c 224.646.9 abc 88.340.4 bed / 57.94
D:N; 14366.24699.3 a 22.240.4 cdef 311.0+14.7b 207.9+15.2 bed 86.840.7 de 6.15 32.58
D:Ns 14615.3+1098.9 a 22.240.6 cdef 376.7220.7 a 174.8+13.7 ¢ 89.3+1.3 ab 5.47 28.49
D2N,4 13165.64449.6 b 22.440.7cde 321.1#19.3b 182.9+12.2 e 86.5#.5e 0.36 22.51
DN, 8221.14499.5 d 22.240.8 cdef 164.4495¢ 224.9+10.9 abc 90.1#0.6 a / 36.54
D3N, 9259.14749.3 cd 23.7#1.1ab 172.4H145e 226.437.3 ab 88.940.8 abc 481 21.00
D3N3 9466.74499.5 ¢ 21.140.2 f 233.7+18.9 cd 191.9+16.0 de 86.440.7 e 4.33 18.45
D3N, 11999.5+1148.9 b 21.740.3 def  236.2426.7 cd 233.9+14.8a 89.2+1.3 ab 10.49 20.51

S AE7KF Nitrogen level(N) ool NS ool ol *

W% Growing density(D) * NS i ok *

N>D sk ek kek * ke

5 KFEMFAE 0—20 cm EFELIRTT O Sk R~ B R IER A A RAEX M S

Table 5. Correlation analysis between soil nutrient contents and rice yield and fertilizer utilization rate in 0—20 cm rice soil

layer during rice maturity.

o ) A RO R R PLT FUEAR 2 F 2ok AR A 71 S
LES S dggpn R R TR RS ke
Soil alkaline Soil available Soil available Soil organic Nitrogen fertilizer agricultural Fertilizer partial
Correlation coefficient Soil pH Yield
nitrogen phosphorus  potassium matter utilization efficiency productivity
4 pH Soil pH value 1.00
- 8EmR AR % Soil alkaline nitrogen -0.31 1.00
4 % Soil available phosphorus 0.38 -0.09 1.00
I3 24 Soil available potassium -0.33 0.04 0.32 1.00
THEA P Soil organic matter 0.13 -0.08 -0.29 -0.13 1.00
BUEAR SR 2% —-0.38 0.58" —-0.15 0.02 -0.24 1.00
Nitrogen fertilizer agronomy utilization efficiency
REAMi 427 /7 Fertilizer partial productivity 0.17 0.03 0.52" -0.22 0.15 0.17 1.00
AKFEF i Yield -0.32 -0.25 0.57" 0.44* 0.07 0.06 0.14 1.00

3.1 ARREKFEFELIRF DTN, KFE~E
FNZBEF AR ST

a2 Ry, AR S R
FUIE it FH B n o e, (K =it 2UIE & 51k +
w15 M POV 7 R It FH A 9 S 48 T
0—100 cm IR WAR S E, HUEENR &
R, AWTLA RS ML, BEE R RN,
BB AR A S B TR
ARG, . = A pH FRE, &

RS T, S AR S BT, Al
FiEsE M. ARER, NTFoELENE, X2
TR, LR N2 ek
fa B, IR pH s, B R
ERESER . BEREWENEERSE S
BEHEK, H A58 C/IN BRI PFE B o fi
TIEAENLR, R HBE, BAh, RREHEK
X RAEAR 2R AR RAOK R A W& . A
WEFCSAE N, BE RGN, AERMEAE = A
AR F I RCE PR X 58 v PP g i g —
B SHEEPTRIL, LA E T 150 kg/hm? i,
IKFEFFRL = AR R EN . HIXLmt A eL, &
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W7 288 kg/hm? [ &UH B, i DoN,
W3R, N 14 615.3 kg/hm?, 2 DoN,
AbFEFE R, 14 366.2 kg/hm?. 78R, 3& B (1
FE AT LA g Ao A B i RORF L AR
P, BT R Z M TR R, AT
PR, (BRI A — E PRV A B
WEER, dERERSSSUKEEFREKEE, ™~
BRI, g2 BTk, AHFFH 288 kg/hm? (it &
BRI AES
32 AEHEZEMNEHTIEFRSTSE. KiE~E
FRALF) AR

AN [i) S L 5 %o AR G 1 3 R 20 AR Ak [ RE A
R . BRI AL, R 2 X A TR 4y
FEFREM NG B3 . BT APV T, g
B RS B ET T REVE S R I N R D . A
T, BEEFRMEE R, KR pH 5iEAL
B & BB AR, 0—20 cm L EBRA S B A F+
w1, AU S RS T R IEI T R R
A A LA T KRR B0 33 35 0 R i LA & 9 Ak
FEWIAE S S, AR R R 2 B K R AR
A% 20 P R A B B X O e R T K
e 7 R B AR 4 B (e I v, AR
a2 FBE o AW FEE RS 2 AL HIREAEKT T,
TR 7 I A R 5 R PR3 i S T i BRI, g
FERKFEr B . FUELIE N, 38 IR ARAE 2 1
T AR EE, Bt m T A SRR L KRR
R f % AT R0 398 55 4 R P Y o e T
w1, BERMRA = ST i fE B AR . X TR 2 R
FICRM S, B DaNg 2F E ok, HAR Y
BEARAE 2 FE I T BRI, R R KR RUIEAR 2
R R B SOmATE A 27 J37%/hm? [
B E R A
3.3 TEFNEKETE. RIEFANERZERX
AR RIKESREZERRZ BRI

MR, KRS Lok, &
MRS EREME, X 5XNEPIRIRT T R A —
o AN, KFEFEES I pH IR IR R A
Ko REER, FroKkmEtommtE+5, pH d5
SRR R, B DR i 3 E
IKFERI AR . KRS A IR R R R A B
Wi KR AR B AR RIS R 2k o IR FH %
5 a S R B, IEMRA S
HR S EW R EMK. Brel, A EAL DL P
(1) 38 77 5 B AR P e e AR R R 2 o6
9,
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BUE K 5 3008 % B2 s AR ) AR KA = &
BB, H AR B 5 TR R,
AR T, BAEK5 A % P 385557 o
FeAr 3RO B2 A8 BN o IR B 18 e 2
&, T3 pH fE, AVURES RS E N, ®
R I G b e R R s, I
pH FIE N & B R, 3R Z R S b 5 38 ;
REIG ARG 2 B, A& = G SRR
R, WS BT E. A4, FUIEKT 5
S ER KRG WA W A BN, HiEE M
UK TR A 25 B2 4545 R Tk Ag 3i A5 e =,
KPR, LEEHE 288 kg/hm? i,
BN 27 JiIhm® I PR IR R SR
kB, YA 360 kg/hm? jif, A 30
Ji R Ihm® B R R R e, (HP R A R R
e PRI, FESERRAR = A SR R A A A
A IR, AR S S B AR

4 LEip

D)FE KRG A T3 i oA b, Bl 2
R, SAFE. B AL GRS RHSHE
TE, pH EE TR . Hr DN, A E AR S &
FF% T 60.8%, D3N3 A BHIH R M & FRAK T 72.7%.

QBEE RSN, I3 pH BT R, K
MEsETHE, AIURSE T, IEEMRAR IRE
FEAR S R BRI B AR S B s n, +35
pH S5#BE S EER N, RETEHMMESE
WA TR, AHUR S RS IERMR A 7 e T B
1. ZUEAR R F R B

G AT AL, MBI N 27 Fi 7 /hm?
i, BRI 288 kg/hm? F1 216 kg/hm? jiti [, 7K 7%
PR ENEAR ORI R, A E R AR A
=, EHEESEWER, ST E ARG r
b, AEARLE LR B X R KR A P rh HERE N
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Amelioration of Saline Soil with Different Biochar Fertilization Formulas and Its
Effects on Growth and Photosynthesis of Brassica Chinensis and Cotton
LI Siping' , ZENG Lusheng', LI Xulin', LIU Xinwei', SONG Xiangyun', WANG Yingping®, CUI Dejie'

(1. College of Resources and Environment , Qingdao Agricultural University, Qingdao, Shandong 266109
2. Shandong Huangdao Entry Exit Inspection and Quarantine Bureau , Qingdao, Shandong 266555)
Abstract: Aiming at the poor physicochemical properties, the low fertilizer use efficiency and the weak crop
growth in saline soils, a saline soil was ameliorated with different biochar fertilizers in this study. Brassica
chinensis and cotton were used as research materials in this pot experiment. Five different treatments were
conducted, i. e. , non-fertilized control group (CKO0), conventional fertilization (CK), conventional fertilization—+
biochar (C1), conventional fertilization + biochar -+ nitrification inhibitor (C2), conventional fertilization +
biochar + Calcium sulphate (C3). The growth and photosynthesis of Brassica chinensis and cotton were
measured. The results showed that C3 treatment was more effective in crop growth than that of CK. The
plant height and weight of Brassica chinensis were increased by 32. 7% and 112. 0% . respectively, and the
chlorophyll content and net photosynthetic rate were increased by 45. 5% and 32. 9%, respectively. The
intercellular CO, concentration and transpiration rate were decreased by 15. 0% and 59. 2%, respectively.
Spectral analysis indicated that the C3 treatment had higher reflectance and better leaf tissue. The
experimental results also indicated that, compared to CK, biochar treatments promoted cotton growth,
expressed as increase in chlorophyll content significantly, decreasing malon dialdehyde content and catalase activity in
leaves, leading to the enhanced stress resistance and the reduced plant damage. At the same time, the intercellular
CO, concentration in cotton leaves was reduced, and the water use efficiency was improved. Soil analysis suggested

that the application of biochar significantly improved the physical and chemical properties of soil. Compared with CK,
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the organic matter content, available phosphorus content and alkali nitrogen content in C2 treated soil were

increased by 57.3% ., 22. 9% and 40. 8%, respectively. However, the influence on soil available potassium

content and pH value was not obviously, and C3 treatment had an obvious increase in soil electrical

conductivity. Therefore, when ameliorating the saline soil, it is necessary to pay attention to the reasonable

application amount of the modifiers to prevent further accumulation of soil salinity.

Keywords: biochar; saline soil; Brassica chinensis; cotton physiological index; chlorophyll; photosynthetic
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2 18
4 : (N1) 0 kg/hm’; (N2) 216 kg/hm’; (N3) 288 kg/hm’;
(N4) 360 kg/hm’, 3 : 24 /hm’; 27 /hm’; 30 /hm*. 12
3 . . . 30N3
27N2 24N2 20.2% 27N3
27N1 1.30% o .
288 kg/hm’ 12.1%; 27 /hm®
18.5% o 288 kg/hm*> 27 /hm’
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Effects of Interaction Between Nitrogen Application Level and Planting
Density on Growth and Yield of Rice at Different Growth Stages

LI Siping' DING Xiaodong' XIANG Dan' ZENG Lusheng' ZHANG Yuxiao'
XIE Junrui' HUANG Xincheng® GAO Farui’
(1. College of Resources and Environment Qingdao Agricultural University Qingdao 266109 China;
2. Jining Academy of Agricultural Sciences Jining 272009 China)

Abstract: In view of the increase of nitrogen fertilizer application and decrease of planting density in rice pro—
duction. The aim of the study was to explore the effects of nitrogen application rate and planting density on the
growth nutrient uptake and yield of rice in order to provide a theoretical basis for reducing nitrogen application and
high-efficiency fertilization. This experiment was carried out in rice field of Rencheng District Jining City Shandong
Province taking the second season rice Saint Rice 18 as the material and setting up 4 nitrogen application rates: no
nitrogen( N1) 0 kg/ha low nitrogen( N2) 216 kg/ha medium nitrogen( N3) 288 kg/ha and high nitrogen( N4) 360
kg/ha and 3 planting densities: low density( 240 000 plants/ha) medium density( 270 000 plants/ha) and high
density( 300 000 plants/ha) . A total of 12 treatments and 3 repetitions were arranged. The results showed that
30N3 was the best treatment for plant height fresh weight leaf area and tiller number at jointing stage. For rice nu—
trient uptake the nitrogen content of rice under medium nitrogen and density was the highest and 27N2 treatment

was 20.2% higher than that of 24 N2 treatment at heading stage and 27N3 treatment was 1.30% higher than that of

12019 -01 =25

: ( SDAIT4705) ; (2018 YFD0200204-06)
(1996 -) .
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27N1 treatment during grain filling period. The contents of total phosphorus and total potassium in rice in—

creased with the increase of nitrogen application rate. The test also indicated that under medium density the

nitrogen application rate of 288 kg/ha was 12. 1% higher than that of no nitrogen fertilizer. Under medium ni-

trogen condition the planting density of 270 000 plants/ha was 18. 5% higher than that of low-density treat—

ment. The optimal combination of nitrogen fertilizer and density in this experiment was 288 kg/ha and 270 000

plants/ha. The combination reduced the amount of nitrogen fertilizer and controlled the reasonable density and the

yield was optimal( 14 615.3 kg/ha) .

Key words: Rice; Nitrogen application levels; Planting density; Growth index; Yield
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1.4 N3
SPSS Microsoft Office o
Excel o
2 2.1.2
2.1 2
3~4
2.1.1 2 °
1 30N3 81.6 cm
24N3 8.9%
- 30N1
o 30N4 24N1 51.5% o 30N3
o N 27N3 24N2 o
30N3 o
1
Tab.1 Effects of interaction between nitrogen application levels and planting density on growth index of rice at tillering stage
Treatment
Growth indicator UNI uN2 UN3 UM NI N2 N3 N 30N1 N2 30N3 30N
Jem 29.8¢01c 32.0£2.1abe 3L5£L7he 33.3:2.dabe  29.8:1.5¢  35.322.8b 32.3#3.labe 32.222.7abe 31.72l.labe 32.9%2.1abe 34.5£3.2ah 35.944.2a
Plant height
[em 1291 1abe 11.9£0.9be  13.1£0.5ahe 12.31.5ab¢  13.9£1.7ab 12.6+1.0abc 11.1£0.8¢  1L1£1.3¢  141£L5a 13.0£1.2abc 12.3+1.5abe  12.920.9ahe
Root length

gl ) 5.0£0.6de 5.720.4ed  6.120.4abc 5.920.5bc  4.4£0.4e  5.620.7cd  5.920.6bc 43:0.3¢  44:04de  5.7:0.6ed  6.820.3a  6.6£0.5ab
Fresh weight

[’/ ) 1402 L1£0.2b  1.50.2ah 14£0.2b  L10.1he  1.5:0.20 13£0.1h  0.9%0.2  1.3:0.2b 174020  1.60.2ah  1.10.2hc
Root volume

[em®] ) T1.65.6de 76.5¢7.Ibede 75.246.2cde 82.7+7.3be  58.124.51  86.3£7.7ah 67.046.6ef 68.9+5.6def 65.7+5.7ef  79.046.Tbed 95.6+7.8a  95.9:5.6a

Leaf area
(1) 224020 2.4£0.2bed 1L8£0.1f 26203  18£0.2f  2.7£0.2b  1.9£0.2¢f  2.4#0.2bed 2.3£0.1ed  2.5£0.2bed 312038 2.4£0.3bed

Tiller number

: P<0.05 o 2-8
Note: Different lowercase letters after each line of data indicate a significant difference at P < 0.05. The same as Tab.2 -8.
2
Tab.2 Effects of interaction between nitrogen application levels and planting density on growth index of rice at jointing stage
Treatment
Growth indicator 24N 1N UN3 24N4 2INI 7N 21N M 30N 30N2 30N3 304
[em 75.246.2abc  77.327.8ab 74.927.2ahe  70.9£6.8abe 73.9£6.5abe 74.66.8abc 73.8£5.3abe  65.124.5¢  68.6£5.2hc  77.916.1ab  81.6£7.7a  79.9:6.3a
Plant height
fem 1681 Thed 15.721dcde 14.42L3def 13.821.0efg 16.621.9cd 19.221.6b  16.1£1.7cde  9.820.1h  20.8£2.0a  17.0xL.3bc 13.021.5f 11.821.3¢h
Root length

Mgl ) 40.0:3.8b 2364424 25.6:6.3d 25.5:8.1ed  34.326.5hc 27.325.01ed 45.8410.20  25.2d.0ed 29.5£6.0cd  32.3£2.2bed 45.83.22  32.647.6hed
Fresh weight
fem®l ) 442030 2202  2.6+03d  2.9£03cd  2.9%03cd  29+03cd  19£0.2fs 1700y 3.2+0.2be  3.4:0.2b 27030 2.9:0.3d

Root volume

J(em®] ) 370.1£36.8b 310.8 £19.6ede319.4.£25.3ede 2717 £32. 1e 313.0£19.9ede 291525, 5de 299.6426. 1de  301.8:230.5de 304.4 £25.4de 304,128, Thed 4545 +44.7a 3574228, 5he

Leaf area
(7 ) 2402  25£0.2be  2.9£0.3b  2.9£0.2b  2.7£0.3bhc  2.9£0.2b  2.5£0.2be  2.7#0.2bc  2.840.2h¢  2.7#0.3bc  3.6£0.4a  2.80.2he

Tiller number
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3 27N4
24N3 9.7% o
30N4 o 24N4
27N1 o
o 24N3 27N4 o N3
24N4 o o 30N1
2.1.3 o
4
3
Tab.3 Effects of interaction between nitrogen application levels and planting density on growth index of rice at heading stage
Treatment
Growth indicator UNI UN UN3 UN 2N 2N 27N3 1IN 30N 30N 30N3 3004
fem 88.427.6b  90.726.1ab  89.148.8b 86.5:9.6b 91.2£7.2ab 88.426.4ab 92.923.1ab  97.7233a  89.425.0sb 90.74.4ab  90.5£3.2ab  §7.3:L.7b
Plant height
fem 14.9+2.2cde 18.0£1.5b 15.7«L.5hed 17.8£1.7ab 13.3+0.8def 18.3£2.0a  16.8+1.dabe 13.021.7ef 17.0:2.1abc  8.720.93  8.6£0.65  12.1:0.9f
Root length

Mg/ ) 3.6tllab 31.8+4.2ah 29.5¢2.2b 3484292 18917 19.640.6f 22.2+1.7ef 151210z 27.6+2.2¢d 25.43.1de 24.42.8de 29.6+1.6he
Fresh weight
le®l ) 38040 1902 L1:0.le  25:0.2b  1.60.1d  1.80.2d  2.8¢0.3b  2.6:0.2h  1.9£0.2d  2.0£0.2c  1L70.1ed  2.60.2b

Root volume

[em®l ) 22.9+7.7¢ 258.614.9h 257.2+8.9b 37.4+25.01a 1342117 141.66.8¢ 190.5¢21.3d 120.129.7e 27.516.7c 175.6+14.8d 190.1£9.7d  231.520.8¢

Leaf area
(1) 25:0.2bc  2.5:0.4be 332032 2.840.3b  1.7£0.2e  2.240.2«d  2.80.3b 1.6£0.2¢  2.4+0.2bc  1.8£0.2de  2.6£0.2bc  2.620.2bc

Tiller number

4
Tab.4 Effects of interaction between nitrogen application levels and planting density

on growth index of rice at filling stage

Treatment
Growth indicator 4N UN2 UN3 UN 7INI 71N 2IN3 1IN 30N 30N2 30N3 30N4
fem §0.61.7abc  91.9£4.7ab  85.72L.1bc  84.040.8c 87.427.7abe 84.420.6c  83.5¢1.3¢c 86.4#6.5abc 91.625.7ab  92.842.5a 90.1x4.labe 89.0+3.6abc
Plant height
fem 17.4+1.5bed 18.422.4bc  16.8£0.8bed 15.7£0.5de 19.1£0.95  17.5¢2.1bed 15.8£0.3de 14.3£0.7¢ 2212130 18.3£2.0bc 16.721.1ed 16.71.2¢d
Root length

Mgl ) 2.3:0.7cde 30.9:2.8c  39.8:1.6ab 20.1¢1.8f 45.0%44a  30.0:2.8cd 25.423.2def 23.5:2.7el  43.143.7ab  30.445.4ed 38.5:2.8)  38.2:3.6b
Fresh weight
[em®/ ) 1.2£0.2d  14£0.1d 24403  1.0£0.1e  2.0:0.1e 12202 1.2:0.1de 2.4£0.2b  21:0.2be  1420.1d  2.040.1c  2.6+0.3

Root volume

[(em®] ) BL8£1.2fg 13172153 270.7¢30.2a 112.8£7.8g 237.3:25.5h  171.4215.00e 166.6213.6c 148.7+9.2¢f  222.0£41.3be 150.9:£8.7el 200.9£18.5ed 179.8 £7.6de
Leal area

(1) 1.8:0.1g  23£0.2d 3.1£0.2a  2.5:0.1ed  2.6£0.2b¢  1.90.1fg  1.8£0.2¢ L5£0.1h  2.840.3ab  1.920.1fy 21202  2.20.2e

Tiller number

2.1.4 N N
5 o 24N3
o 30N3 o
o 30N3 24N4  27N4 30N1
24N3 8. 1% o
o 24N1 24N3 N

61.8% o 24N3 o
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2.2 24N1 19.6%
2.2.1 27N2 24N2 20.2% 27N3
6 27N1 1.30% -
N3 27N3
27N2 63.7% 27N1 106.6% -
5
Tab.5 Effects of Interaction between nitrogen application levels and planting
density on growth indicators of rice at mature stage
Treatment
Growth indicator NI UN UN3 UM NI m N3 1N 30N N2 30N3 30N
fem §89.9+4.1a  88.9:5.2a 89.6:2.3a  95.3:7.6a  92.3:6.5a 88.2:2.3a §9.7+5.1a  M.8:3da 96.0£8.2a  95.2:6.8a  96.924.3a 96.8:6.3a
Plant height
fem 16.5¢1.1a  10.8£0.90 10.2:0.6d 11.622.1d  13.8£0.5hc 10.1£0.7d  11.6£L.3d  11.8£2.2ed 14.220.50  13.9£L1b  11.2:1.3d  14.0£0.5
Root length
Mgl ) 31.2+24h 42.2#3.9b  55.6:43a  307#6.1cd  34.843.6cd 34.6+2.1ed 20.5:0.60 2532186l 26727l  30.643.2de  26.642.3e  25.6+2.8¢f
Fresh weight
(e’ ) 28:03b  2.5:0.1h  3.2£0.2a  0.9£0.1f  1[.2:0.3def 1.420.2cde 1.0£0.2¢f  1.620.2ed 12203l 1.3£0.3df 1.8£0.4c  1.520.2cd
Root volume
[(em®] ) 314.3£22.8be 326.1£31.7h 505.8£22.7a 286.2£25.5¢d 343.1£18.8b 338.6£26.3b 173.4£20.1f 244.49.0e 246.8214.9% 289.9£9.8cd 270.9£25.6de 337.56.Th
Leal area
(1) L6z0.1ef  2.1£0.2bed 282032  2.320.3b  2.2£0.2h  1.80.2defl 1.920.3ede 1.5£0.2f  2.020.1bed 2.1£0.1hed 1.920.1cde  1.8.£0.2def
Tiller number
6
Tab.6 Effects of interaction between nitrogen application levels and planting density on
total nitrogen absorption in different stages of rice g/kg
Treatment
Growth stage UNI UN UN3 UN4 NI 1IN 7IN3 1IN 30N N2 30N3 0N
UA4zl6h 29.6:2.4f 3532 1def 44.515.6ab 31422 2efg  49.9:7.1a  41.5:3.8bc 37.0£2.5cde 40.8+3.7hed 30.722.1fg  28.9%1.8g 35.224.2def
Tillering stage
U0£14e  31.0£2.8ab 29.0£1.5abe 27.5#3.0bc 21.420.8¢  26.2:1.7cd 27.923.2bc 27.3:1.3he 27.922.1b¢  22.4:l.4de  27.620.7h 32.2:4.5a
Jointing stage
20.540.4cde 24217 310450 28.912.4abd 24.72L5e  29.1:0.6ahed 29.5£1.7abe 26.0£0.9de  27.2£1.0bede 27.9 £0.6abed 29.5+2.2ab 29.8£1.3ab
Heading stage
15.5£0.7ef  15.921.2de 25.623.4b  18.9:0.7d 12.220.6f  19.3:201c  25.2:1.6h 20.4:17c 344232 15.2:ldel  19.6:1.9c  20.9:2.7c
Filling stage
17.2¢1.4abed 18.5¢1.1ab 18.822.0a  15.7£0.7ed 1492120  18.121.5ab 18.922.1a  16.2£0.8bed 17.5¢1.7abe  15.520.6cd  17.720.5abc 17.7 1. 6ahe
Mature stage
2.2.3
8
2.2.2 -
7 24N2.30N1 30N2 3
o - 24N4 . 30N4
o 53.8% 70.3% - -
24N1 93.0% -
30N1 2.3 glkg .

17.3 g/kg.
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Tab.7 Effects of interaction between nitrogen application levels and planting density on total
phosphorus absorption in different stages of rice g/kg
Treatment
Growth stage NI 24N2 UN3 UM 2INI 21N 271N3 1INV 30N 30N2 30N3 30N

Tillering stage
Jointing stage
Heading stage
Filling stage

Mature stage

35.943.1b  347:2.80  3B3:21b 2.043.8d  14.5:L7e  B.2:35h 47320 8022 18.6:ldde  14.7:08¢  16.7:lle 17.8:1.4e
0.420.4de  7.620.Thed 7.621.0bed 10.322.00  8.840.8b 6.920.5d 422060  §4xL2be 10.2¢1.8a  5.0:0.4el  7.420.9bed  8.721.0ab
25£0.2ed  2.920.3bc  3.0:0.4b  3.8:03a  2.3£0.2d  2.7£0.3bed 3.1£0.3b 23030 23024 23:0.1d  2.3:04d  3.7:0.2a
48:0.5c  3.1£1.0a 147222 10.8+1.8b  2.720.2¢  48:04c  5.3:L3c  3.9:0.4ede 2.620.2¢  3.120.2de  4.5:0.4ed  3.920.3cde

8.4£0.90  6.2:0.del 15.9:0.5b 15.0£0.80  5.9£0.3¢f  7.1£0.5de  4.9:£0.2fg 41203 17.3:120  10.5:0.6c 15.7£1.2b  15.41.6b

8
Tab.8 Effects of interaction between nitrogen application levels and planting density
on total potassium absorption in different stages of rice g/kg
Treatment
Growth stage UNI UN2 UN3 UM NI LY, N3 1N 30N K\ 30N3 30N

Tillering stage
Jointing stage
Heading stage
Filling stage

Mature stage

19.3£2.1c  29.60.7b  28.8+1.6b  26.8:1.5h  26.3:0.6b  20.7:1.2¢ 21.5#3.1c  10.2£1.7d  36.1£2.7a  39.8x46a  10.1:1.1d  18.8+2.4c
252,000 27.9414dbed 30.2£2.7he  35.1£3.4a 2542200 28.5:L7bed 27.0£1.2ed  30.222.1bc  28.02L.1bed 29.120.6be 30.4£2.2b¢ 31.3:2.4h
201 7abed 20.6 41 Thede 22,923, Tabe 24.9£2.3a  18.720.6de  18.720.4de  19.922.1cde 18.942.8de 23.5:2.0ab 17.820.6¢  21.423.6bed 21.30.9bed
8.9£0.4de 11.6:2.2c 203320 16.2:0.8b  7.0£0.5¢  17.6:1.2b  15.8£1.0b 10.6zL1ch  8.3:0.9d 10.3:£L.2¢d  9.520.5¢d  9.3x1.lce

16.0£1.0a  6.4£0.7¢  6.9:0.8d 10.9¢1.1c 15.1£0.5ab 10.9£2.0c 11.3£0.7c 14120.5b 10.720.9c 14.7£0.4b 11.240.9c 11.2:11c

2.3

P <0.05 o 2

The different letters above the column indicate significant differences between treatments in the same growth stage at P < 0.05. The same as Fig. 2.

1
Fig.1 Effects of interaction between nitrogen application levels and planting

density on chlorophyll content in different stages of rice
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24N2 194.9 kg/hm®  22.1 /hm’
. 24N2 .
24N1 o . 288 kg/hm’.
30N3 . 30N4 30 /hm* .
27N1 a
o b 18 o
30N4 24N2
. 30N3 .
2.4
2 Y
. 27N3 .
14 615.3 kg/hm’ 27N1 19-20
12.1% 2, 2
24N3 18.5% .  30N1 225 kg/hm’ 2.667 x 10’ /hm’
8 221. 1 kg/hm’. D46 o
288 kg/hm’ o 288 kg/hm’
27 /hm’ 24 /hm’ 27 /hm’
30 /hm® o 14 615.3 kg/hm’.
23
o . 24N4
. 24N1
24 -25
288
2 2
. . . . . kg/hm o
Fig.2 Effects of interaction between nitrogen application )
. . N 288 kg/hm
levels and planting density on rice yield
12.1%;; 27 /hm*
27 /hm?
18.5%
" 288 kg/hm® 27 /hm’
15 o
4 16
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HEX T8N M Y S RIS 57
ZEF, 0, FRY, 1K FEE

VB AR R B S PR 2 B, 7 5266109
Y G AL RRERT TR, 11 AR £5265500

B 413t HFE (Ipomoea batatas) A K iTAZ P & 2 F 0 T F 69 i, AR R AR Ie vk, AHE F 470 d
J& o Hm RR R 0 B L =B (PEG-6000) 8 ok, A sz E . v EREE T I, @iddsg = ReYshA4LHE
ARSI, KR A KT A TH I L3 A BARAR T F 0. &R AW T FA424~72 hidA2 F, phid
48 h/g HF 3 L3164 £ 84T T F o AR B B oA R, T FMrib48 hed £ 2 18475 PEGIR K H-#t4T
ARESIFE, ot A AR SR E. AZB(MDA) S E . F/F o300k F(P)HE FRRET Fahit
BEARX XA, A FIRE2IA K AL A AH0.93%, 0.98%%, —0.98%*, 0.96%*, HEAMIEARE M LT
0% T @ A5 5B E SR, ot R AR S KEFF JF, 2 %00 H E 3 L3 A M) F 69 XA AR(R,=0.987,
R,=0.998), JLF ‘B H 19769 AAEAE A Z 45514230, 1.52, 45 ERrig il idad T L it B4 3 A4 4 19 384504

LW, TAFHE ST F600F 5 R RR AR IE.

KR HH; T I, ot F RS T30

B E I E g KE)H ZE (Ipomoea batatas)
A, H AR EE R EY A Tk R, X
RENR 2 e a2 A E 2 REENEH (R
RE2017) . HE X AR KRB IE B o, (5
FLAE = D415 52 30 45 Tl E A= o 1) R 1) (R A% 15 45
2019), fEAN A=A, H3EK 7 BE ™ E AR
a2 —(Van Heerden52008). H 2 7E H A
K53 b X HAE 9 — P FRAE DM ) vz Bk, (2
HAERK T R & H 2 2 W 2 A 1520 (Gajan-
ayake5$2016). JEIL HEMHENX 2 HTRF
TR, EHEAEKFY, B FEWETRES
() 8K 4y 7 ke g T H E A KA E IR,
PR = E M R ESE2016), TR SN
P B RN R H AR b R i R 1) EE
B 78RR X TR EFH S i, (R
B UL R e R AR i s i FLA B
X (FMEEE2016; FERFEEF2005). H KT
R B R I, e A IR R ORIE 78 A2 I K
IXTREFHEME KRB B RE

KR SRR ) IE 5 A BRI Bl AN B 4% 18 ok FE
ANE D B3 A (B 552010, F A 552017), L1
KT THRGFBAEMAERKZE, P E TR, R
IR FE A7) AE B T 6 Kk AE 2448 (Chartzoulakis %5 1993) .
CWHEYZ B RFaAR T 0 TI3BR bR . RS ARIRA

YRR (G 18 251996), RN H 328N 4 2 &5
MBI E 32 R, SR 2 umdb 2 i ia sl
RO R4S, B DOMAE ) A & AR AR PE N T
RN B2 W ) O VR (% A TF2011) . TR
W TR M. Bis. BTk, R0
R E— R IV A BLAEAE L, FF HoK 5 a5 fl
W5 P A B AR 1R 5T S o T R AR R A RR AL
IS A T AR Ak (234X 2 252019; Agiiera®:1997), A,
I A B bR A2 WY 2 S 2 BT B e
BHEEZER X

AT R A FLTH e <AL S I DU 4
AN 5 R R S T SR 2 Wi E YT R,
15 A B 5% BR] 7 2 52 e 00 5 1D o AR PR (2 5E
1989).  [ALItL, B0 H 2 rh 09 5 Bl A i Rt vfE 7
LW e bs 1 e A R T E— B . AR ALk
FH K S B R 2225 A rp K ik 7Y R
TE VNN R, R EHE AT A0,
T A K R O e E R [RIR B 9 2R 2 2 (PEG-
6000) B4 19 7K 73 SR B2 L v B R BB - 5

ks 2019-09-16  f&FE  2019-11-18
BEL DR b B AR A R v T T 4 % B 3 H (CARS-
10-B10).
*JEIRE (lihuancomcomcom@]163.com).
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18, R A FRE T 5 S5 Y A PR AR
FESRF, SEBLUH B AR rp I3 A B 7 - 5
WL, e H E A R R s A
KA

1 R 57HZE

1.1 kAR 5%t
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HYEH S A0l K% HOG R =T, & 08 w 1
PlHoagland & 7RG, Si—KoEH. TENE
G TORAT T FAEEE, B4 /K56 (Michel
5£1973): IE%: Hogland’& 72 i; 32 % T-5: 5% PEG
ffiHogland & 7: W (#=—0.50 MPa); H1 &+ F: 10%
PEGH{/Hogland & 5% (P=—1.48 MPa); # & T 5.
15% PEGfHogland’& 72 (#=—-2.95 MPa). 4{/XH
52, e 0 a TR e 524, 48, 72
hECRE, W72 A2 B4R AR S USCR, W e R
12 MEMBESH*
1.2.1 HEMHE&/KEHNE

BUHCH i A RSP RREUEE L R
BAKH, 6/ fE U HE, F R K 4R T2 I 7K 3 FR
#, B, HRPIRARERS RS, RIGH
SEIR BRI . 1 R B NARAS R,
#100~105°C %710 min, 1 J5 70~80°CHt + F 1
H, T E. SRETEAL D &K
R (%)=(ff FH—1 5 )/(fF F)x 100; I FIXT &K
(%o)=(fiFf B —F B )/(o Al fif B —T- FL)x 100,
122 HEMRMRRANE

SPAD/H ¥ H SPAD-502 -4 25 5& A B 4%
M7
1.2.3 HEM FHEREEMRNE

H 20 R R T AR G S R RO,
B TR, IN20 mL2: 57K, EiE T i
#E2h, HIDDS-307 AHL AU E L T3 . PR E
FEE K10 minfF B, WE SR, HXTHESER

(Vo)A (hHE TR -3 T/K S R)/(kk
A SR - B K E 5 F 5 %) %100,
1.24 HEMHAERAZBMDAZE. Rk
(POD)FE F AL S EG(CAT)FE M RN E

MDA % & K F TBA 57 &l 72 ; POD A
CATE PRI R F R A o3 e b ikl Rl & i s .
SE BT FH AR 6 350 T e o 8 A ) AR LR
1.2.5 HEMHRAGSHEMHRRWASHIIN
M E

IEHUCH 4 Dhaert, RIS A" A 721
CIRAD-3fE#206E14%, T EF9:00~11:000 i 15
HEEEP,) AL FE(G) MIECOMKEL(C)
AR ZR(T) 5KAFIHZEWUE). KHBEHXISA
A A IM-PEA 23 22 5 6AY, 514 .20 minj5 ik
1T w2k R RSB 568 7% i 2 (0-J-1-P
k).
1.3 GLitoth

K HSPSS 20.0F1Microsoft Office Excel T.{EZ
X AR BT G oA, HeHIEER . b
b b TR [ 4 280 25 S, LSRYZE LT 248k 2 ] £
S REM. AT ANZE S BT

2 SLWEER

2.1 AETFEMEXHEM EIEERIFN

R 1A %0, FEPEGALBEIK (T, T2
TEFRE TR, WP H I M b e A A T PRI
s, Ho W25 A E R MHE N E IR
AL R T 18.2%, 1M ‘P 19 EH % T 58.0%,
LB A — T FIK T, T 19 E T R
HHEE25 1
22 AEIFEMEMHEBEMHAREKEMITEER
SPADE RIS

HE2AT LAE 1, WEEPEGIKE T, H 2
RS K E AWK . b E i 24 hir) JH
25 AR 197 (5 /K & 4 ) b IE AR BRFRE AR T
5.0%F17.6%. Bl BE R A3, SEEHET2 h
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SRR Man K, HZEr A EKE
IR b, TR 25
IR A, 706 7 19 S M A 7
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Table 1 Effect of different drought stress on shoot biomass of sweet potato

. JHEE25 1Y
PEGALERIKFE/%
fief 7 /g TEH/g k! fief 55 /g TE/g !
0 167.6+5.3" 19.5+1.6% 144.2+3.1° 11.8+1.2°
5 148.4+4.2° 21.2+1.9° 98.8+6.9" 10.8+0.8"
10 144.3+6.6" 19.8+1.3% 77.9+4.0° 12.6+1.2"
15 137.142.7° 17.8+1.0° 60.6+7.6" 10.1+1.7"
e/ NG FRERORFIRIH 2 A EP<0.05 /KT 5T 3% .
22 ANETEE24~72 Wi H - A S 7K 8 1 R
Table 2 Effect of different drought stress 24~72 h on water content of sweet potato leaves
N . “MHE25° NSEACN
i [f)/h PEGAEERIK /%
FKE Y% AT KR % FKEY% AEH B 7K /%
24 0 85.4+1.3" 83.1+5.1° 86.0£2.7" 87.243.2°
5 84.6+1.2% 77.7+4.7" 83.9+2.5% 73.5+4.1°
10 82.3+1.4° 65.9+4.3" 83.7+1.8% 72.9+2.8"
15 81.1+0.8" 60.9+2.8° 79.5+2.8" 54.9+6.7°
48 0 85.442.1° 82.745.3" 86.0+1.1° 87.242.5°
5 83.6+0.4" 71.9+2.8° 83.1+0.7° 69.4+3.4°
10 81.6+1.3° 62.6+2.4° 83.6+1.0° 61.9+1.7°
15 80.3+0.7° 57.6+3.7° 78.04+2.7° 50.2+4.2¢
72 0 85.3+0.5" 82.3+4.7" 86.0+£2.2° 87.2+4.6°
5 82.0+0.7° 64.6+3.3" 83.3+1.7% 70.8+5.4°
10 80.240.3° 57.342.6° 83.1+0.5" 69.3+2.2°
15 79.6+1.4° 55.2+1.1° 71.845.1° 36.0+3.8°

/NG SERE RS AR R 9 R — H S AN R PEGIK BE AL BRTEP <0.05 %2 7 . 35, R3F14[7]

W& T R . M a R R,
AT KRR BRI B ROR, T HL LS K AR AL
WHE., HP WE2s 5 mE19EET 524 h
(AR 25 7K &0l LU IE 5 AR PR R B 1 7.6%137.1%,
M A 3E 72 hJiE 43 B EE IE H AL BE R % 7 16.6% 1
41.3%.

HR3 T LUE W, & T R o] DR =
4 2 SPAD 2 15y, H - S B2 ik w5 Bl d B[]
K, #ie FESPADIE F R, HF 5 i) JH =
25’ [F)SPADE IS ML FI 19 /N . A[F T 2%
P H 2 4 2 SPAD{E 152 i AN B 2., B PEG
WEET 5, HE SPADE A e T s Ja PR 1
2.3 FEpMBxHZEMH MRRE TR

B & PEGK & T = A e i) () 38 K, i
TR T B 3 1 s . P S R R R

19° FI4H BB 11 4 e 24 . 48, 72 hibIE % kb3
THE T 185.9%. 276.4%F1473.5% ., i BT iria
AL ECH E A MM R R 2, BRE TR
T FE T v P e b (R e, 350 2 8 - D S 465 A
ZINE . T4, T E T HEZE 25 F 2 g
B R AL T 19 B /N, Ui B R 25 1
SERHUAR T S Re 1 BB D).
24 TEMEXNHEHRMDARE. PODKCAT
SEMERISZN

b HEPEGIK Tt &1, H M MDA & &4
Wrrt . HrP HE25°7E5%. 10%. 15%PEGK
FE Wi 24 hif)MDA & & 4 ) b IE & AL BT+ 1
166.7%. 221.2%M356.1%, 0] LL& H 5 BT i
X H i MDA S0 k. Bl A B[R] 5
K, F A FEMDA 7 5 AW T R (R 4) -
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Table 3 Effect of different drought stress 24~72 h on chlorophyll SPAD of sweet potato
: SPAD/H
v PEGAbHEIR /%
24h 48h 72h
25 0 48.7+1.3 48.8+0.6 48.9+1.9"
5 51.2+0.9" 50.7+0.9% 50.9+1.7"
10 52.1+1.6" 51.5+0.8" 49.1+1.8"
15 49 .4+0.7° 49.2+1.0° 46.3+1.6°
‘19 0 48.8+1.1" 50.3+1.2° 50.4+1.0°
5 50.6+0.9° 50.9+0.8" 50.1+1.0°
10 47.7+1.0° 474+1.4° 46.6+1.4°
15 47.7+0.6 45.7+1.0° 42.6+1.8°
A 200 gap WEH2S 8 TH2S B 40,48n wUEE2Y o @H¥E1Y
2 35} A
25t . 3 30l )
X S a
= 20t B =
P b 25
| o 20t b
gy c C B CHE
B} 4D R
= = 1o} 4D
0 0
0 5 10 15 0 5 10 15
PDFACER K B /% PDF ALK /%
S » @ 5
C e JHE25 W19
50
X
S 40}
@ 30f b
2 o} e c
0
0 5 10

PDF ALK /%

BT AR 24~72 W H 2 i A LS 2R 1R 5
Fig.1 Effect of different drought stress on the relative conductivity of sweet potato leaves at 24~72 h

B 07 NS E RN 25 & B AR RIPEGIR B AL FRAEP <0
P<0.05ERFE%. K2~4F.

BEEPEGIK T, H# i 7 HPODIFEEA
Wirt . BEE B E R R, BFH e POD
WERIIH G T, 48 hZ Ja, R 19 % T R AT

AN EE, CHE25 B T RE, (BT s A
ISz o X LE AN H S wh FIPODIEVE AR I, 1541

OSEFRE, KRR TE 19 &I WA R PEGIK L b Bl /F

iH24 hif P 19° WS & T M E25°, (H72 h)5 M=
25 m TR E 19 (K5).

b4 PEGIR BTt =1, H i  CATEPEAN
Thim . BEE MHE R R, 2S5 o R R A
PCATVEMETFUE T I, £72 h RN BAG. 172
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4 AETRIE24~72 WX HE MDA & (1500
Table 4 Effect of different drought stress 24~72 h on MDA content in sweet potato leaves

MDA % H:/nmol-mg” (K H)

ERELY PEGALBEWRZ/%
24h 48 h 72 h

HHE25 0 0.86+0.09° 0.89+0.12¢ 0.85+0.07°
5 2.30+0.18" 1.29+0.17° 2.11+0.18"

10 2.78+0.39" 2.55+0.19" 2.26+0.24°

15 3.94+0.46" 3.79+0.48" 3.11£0.26"

HE Sk 0 0.83+0.08° 0.89+0.08° 0.83+0.13°
5 2.13+0.23" 2.24+0.15" 1.19+0.24°

10 2.66+0.16" 2.83+0.36™ 1.44+0.16°

15 2.91+0.35" 3.04+0.26" 2.80+0.36"

K5 AT Wi 24~72 hxt H 2 A PODIE 1 520
Table 5 Effect of different drought stress 24~72 h on activity of POD in sweet potato leaves

PODFH /U -mg" (& )

m PEGAN IR /%
24 h 48h 72h

HHE25 0 23.78+2.59° 24.02+1.70° 25.86+2.42°
5 30.1943.16" 41.54+2.19° 49.01+3.26"

10 36.17+3.89" 48.77+4.89™ 54.5143.44"

15 43.95+2 46" 52.16+5.46" 51.36+2.83"

NEESY 0 27.46+1.78° 26.78+1.26° 22.38+1.41°
5 36.79+2.34° 37.96+3.34° 35.6242.36"

10 44.19+3.63" 45.68+5.63" 47.35+3 46"

15 49.26+5.36" 56.67+6.36" 40.99+5.08"

19° % F FALBECATIE LS T e BRAR . XTEERRY (P S SLFEE(G)IBHT T I, MLIACOLMKEZ(CYA
HERMCATIE KM, TR ME2 8, Wotem. WA T REERNE, HERLE

{H72 hJ 35 219" B i (R 6) TERIA R SS, L EE T2 T ERE, WE2S
2.5 FEBENHEHALESHHEN FEE RN MG ERP)E AL T E(G)HIE

BEEPEGIRE T, HEM e aR  WAH T 159.2%M184.2%, HilAICOIKE(C)TF

F6 AFET FHie24~72 hxt HF 5 CATIEE R
Table 6 Effect of different drought stress 24~72 h on activity of CAT in sweet potato leaves

CATH#HM/U-mg" (FEH)

s Al PEGAEFTIR /%
24h 48 h 72h

Y225 0 9.77+0.39* 9.31+0.70° 10.67+0.42°
5 13.87+0.16° 12.67+1.18" 13.0240.65"

10 14.74+0.49° 13.1240.88" 12.66+1.69"

15 16.11+0.66" 14.11+1.26" 13.4241.57°

‘19 0 10.214+0.52¢ 10.10+0.56° 10.38+1.38"
5 12.25+0.34° 14.22+0.64° 12.93+1.47%

10 13.12+0.33° 13.73+1.03 13.62+1.19°

15 14.55+0.76" 16.12+0.86" 14.95+1.02°
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Fig.2 Effect of different drought stress on photosynthetic parameters of sweet potato at 48 h
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Table 7 Effect of different drought stress 24~72 h on the fluorescence parameters of sweet potato leaves

LT ARFET-RWE24~72 W H =i 5 58 6 S50 52

W i 1E]/h PEGAL BRI /% F, FJF, PL,, ABS/RC ABS/CSm ETo/ABS
“JH 25 24 0 3855.5+287.8" 0.84+0.01° 17.3942.73° 0.99+0.19° 23 064.0+1 754.7°  0.64+0.01°
5 3933.5+309.0° 0.82+0.01° 16.89+3.45" 0.90£0.07° 19 826.5+823.8" 0.6340.03"

10 3958.5+173.2" 0.81£0.01" 15.242.53" 1.04£0.10" 21 619.0+29.7° 0.6340.05"

15 3990.5+154.9" 0.790.02° 12.542.32° 1.08£0.05" 20 940.5+989.2" 0.60+0.06°

48 0 4884.5+381.4° 0.8340.01° 15.4242.36" 1.25+0.18" 23 581.0+£1 043.7°  0.53+0.07"

5 4724.54285.7° 0.79+0.01" 7.91+1.86° 1.39+0.07° 20 710.5+358.9° 0.58+0.05"

10 5776.0+364.4° 0.75+0.01° 4.8240.68° 1.37+0.11° 22 658.5+1 346.7°  0.52+0.04"

15 5549.5+132.5" 0.7140.02° 4.19+0.68° 1.81+0.34"  20522.5+1 844.5"  0.52+0.02"

72 0 4625.5+157.8" 0.83+0.01° 14.3942.63" 0.99+0.04° 23 857.0+954.2" 0.63+0.02°

5 4863.0+284.3 0.79+0.01" 5.14+1.52° 1.39+0.33" 22 640.5+2 100.8* 0.46+0.08"

10 4977.0+£347.9° 0.77+0.01° 4.50+0.67 1.37£0.21" 21 803.0+1 084.7° 0.48+0.09"

15 5828.5+542.4* 0.69+0.01° 2.08+0.36° 1.98+0.15° 18 966.5+884.6" 0.4240.06"

P19 24 0 3754.5+71.4° 0.8340.01° 15.4+2.35° 0.9040.01" 22 662.0+1253.0°  0.61+0.02°
5 3955.04247.7° 0.8140.01° 17.8£1.75° 0.82+0.02°  22791.0+1583.7°  0.62+0.02°

10 4468.2+326.1" 0.79+0.01° 12.6+0.68" 1.05+0.04°  26208.0+1 633.5°  0.61+0.04"

15 4526.0+36.8° 0.77+0.01° 5.66+2.38° 1.00£0.06° 19 963.0+393.2° 0.47+0.05"

48 0 3628.5+258.3" 0.82+0.01° 14.340.85° 0.95£0.02° 22 577.0+476.0° 0.64+0.03"

5 4576.0+482.2° 0.78+0.01" 5.70+1.04° 1.13£0.11° 20 614.5+1 538.0° 0.50+0.01"

10 5076.5+303.3" 0.75+0.02° 3.78£0.98  1.38+0.05" 20 690.0£461.0° 0.47+0.03°

15 5307.0+437.0" 0.70£0.02° 2.49+1.22¢ 1.25+0.14"°  19907.0+1 587.3" 0.35+0.02°

72 0 3799.5+148.6" 0.82+0.01° 14.1£1.77 0.93+0.03°  22336.0+1 756.7°  0.63+0.01°

5 4498.0+520.3" 0.79+0.01" 6.94+1.23" 1.28+0.09° 22 410.0+1 533.3° 0.55+0.02"

10 4918.0+488.3" 0.77+0.01° 5.53+1.10° 1.25+0.01" 21 119.0+1 395.8° 0.5240.03"

15 5043.5+197.3" 0.73+0.02° 2.03+0.56° 1.77£0.17° 19 026.5+733.3" 0.410.03°

B, Ui B SRR EEERR, H 0 1 PSR 7 6k
PR, E A R 3G K, ABS/RCHH LT,
ETo/ABSE. 35/, HEKIF,/F, 5P, N B&IEEZ N
K, HEET 524 hET2 h, JWE25WF,/F,H
0.79 R F%50.69, P, N % 183.4%. Ui8TFiid
I TR, H S ) PSTIAZ 45k ™ 5

2R 39BN ) i — e FERE b Re T
S 3E B PSIITh RS2 M . M I3 W LUE H,
b5 PEGIR FE X T i=r, PR H 2 i A ) e R i
F, (PE)¥ K. HIEHAL, 15% PEGHEET
LA T P ARG B i Ko 3 B S P P R v,
PSIIJs 3 HH 0o 52 45360 ™ 5 . AN [R) R 57 e Xt
PR ) 5 s B R A A [
2.7 HELIBIERSH EREMENEAD KR
ESXREREPEGKIEEEM ST

G390 CARE A H 25 it b B2 B8 48 hifg AR 57K

). AR PR MDAE E(X,). SPADH
(X)) HEEHEP, (X)) AILFEG, (X)) F/F,
(Xo)~ Pl (Xo) N HAR R, H b b F /R AR
B (V)FEATIEL BT, B 257 (1 =]
5 2 NY,=-38.52+131.10X,0.82.X,—4.18X,~0.80X,+
0.65X,+0.06X,+339.6X,+0.39.X, (R,=0.987, F,=
262.35, P,=0.01), ‘7 2 19’ [ 0] 955 £ N Y,=738.85+
532.65X,—2.57X,—10.26X,—1.86X,+1.95X,+0.12X,+
1038.30X,+7.27X; (R,=0.998, F,=923.46, P,=0.001).
Nk — 25 B A 3285 [ VA 3 AT 1R 45 TR Ao R 1
e 8RR B, AN FEREAT T8 AR M (3R8) . 1B D[
H5EA MR, m AR S K ERF/F, 2 5
e S by b AR A ) O B SR bR, X T
LA RURK

R4 Michel % A A 5T 1A X5, 25°C4% 1+
N, 5% 10%. 15%MIPEG 60004 117K #(¥) 4
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Fig.3 Effect of different drought stress on the chlorophyll fluorescence kinetics curve of sweet potato for 48 h

RS 15048 hf F AL PR bR H 2 b E i 5 A Y 0 Bl AR R E
Table 8 Direct path coefficient of the physiological index of sweet potato for 48 h under drought stress

on the fresh weight of sweet potato

BB
{FFIBE T

XK E AN HER MDA & SPAD taHE  RILRE F,/F, Pl
SHE25 1.27 —-0.40 —0.43 —0.11 0.33 0.86 1.38 0.17
‘THE1Y 2.30 -0.74 —0.28 —0.10 0.48 0.75 1.52 0.38
51 /9: —0.50 MPa, —1.48 MPafil-2.95 MPa, IE3 4 3 i

HK UG YE0 MPa. 3 B0 Bl H 2 1 AH T 5
K& FJF,. MDA, e (P,) 055
ANFIREPEG/K 5 WHEAT A RAE 73 . tHARS AT R,
PEG/K# 5 PI/NH & bRl T 5 1848 hitgAxS &5
KE FJ/Fo L EHRP,)BEMK, 5 0E
25’ MDA 5 2 5 25 AR (r=-0.98%*) . {5t ]
AR S KR F/F, S A BRAR bR 0 T F ia
AWM R, AT ARy H T R W i A
fEbR. PIANH S SRR 025 A2 BR AR S PEGIR K
H PRI ST AL 4

3.0 FEpEXMHEMRA/KE, @REREHS
EMER RN

TR G52 17 20 P P o T L A A B )
YL, PrEERR A G5 A R TR b K 4y
kR, BRI R OR7K ) AR EL T R B 2 R
JIRNFNEESF2006). 1E/NE . WFPEERT T IR
AR S K E S Y PR R IR (S
1990; V5435 75462009). AWt7EH, AT FHEE A
e FR e B (R B, H e AR SR E RS T

9 AIFIPEGIK /KA 5 ria48 hH 2 A4 B 45 br O AH < 1

Table 9 Correlation between osmotic potential of different PEG concentrations and physiological indexes of sweet potato for 48 h

P ¥
b 7K
LRSI/ Fv/Fm MDA & G R(P,)
SHE25 ' 0.93 0.98" —0.98" 0.96"
NEEACE 091" 0.98" ~0.84 0.99"

TRy R RAE0.01F10.05 7K - 5 3 AH O
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A . HE25° o ‘HE1Y
--------- LME(HHE25”) LHE(CHELY)
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< 70} »=T1.9367x+78.48 gt
H 60
R
@ 30 »,=10.729x+82.904
&= 40t R,=0.8413
Z 30}
20}
10}
0 L L J
-3 -2 -1 0
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£ 3.
°
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£ L
o
qu Lop
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5 Lo}
= 0.5}
0 L
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B . W25 o ‘THE19
0. T LME(HHE25”) LHE(CHELY)
0.8}

0.7 »,=0.0388x+0.8178
0.6F »,-0.0383x+0.8097 R,=0.9536
= 0s5f R,=0.9691
= 0.4f
03}
02}
0.1}
0 1 1 J
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D . HB25 o ‘HE1Y
20, T LRME(CHHE25%) LRAE(CHEL9)
N”’ 25}
g
g 20 »,=4.7299x+24.305
El R=0.925 ..
;:E 15f e
5 oo $,=6.7038x+26.275
® 10 R,=0.9758
4o 0"
R 5|
i
0 L L L 1 1 J
-3.0 25 -20 -15 -1.0 -05 0
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K4 A FIPEGIK B K35 48 hH B A B AR UL 45
Fig.4 Fitting results of different PEG concentration osmotic potential and physiological index of sweet potato for 48 h
Yy, 23 R 25 S M R 1975 & T R

b Hoh B 524 hi 25 5 R 19X &
IKE T A IR AL BE N 1 7.6%M37.1%. Y7
2 3 5B ag i 2 23 f i o 2 B N 2 e
B A0 M E R IR S5 5, P AR AR X F ek
I~ Ry (%) 24 675 1 W DA S Bl AL W e B 3 A 1)
P (Demidchik452014; fif BiF452015), A HF
FRICLEAEEE2016), + F i TS
(AR BE R N, I R G52 B . 52 ML, A
RIS T, B T R AR T SR a3,
St A R BLE A WG . b T 524
48, 72 h'F, T 19 AHMSE P 53 A LU IR A B
ThE 17 185.9%. 276.4%1473.5%. H.d, “JHE25°
R RK BE T e, IS5 R T e 88, Pt R I
IEHAEOLT YA N EH B0 4 5iE
Bk T —M & P4, — BAEY)Z 2ia, Pl

FIBR, o T EA A B B R PRI S CR T e
£2006). MDA —Ff vl VENR B S84k 4, Beid
Tk S0 R 2 1 T S 00 3 P S AR 2R 4 1) ST O
W&52005). MPODMCATAE M40 -3 B, 7] 7E
pUIRT I SERINBUN -3 N5 ey i S W i1 i i A
REJI(fIVKEE1997). AW T, B T 5 F2 BN,
HZ MDA & & . POD K CATIF 1t S AN T
o BEE AR ] R IE A, HHE25 % T R AL
MDA % & M CATE 15 # T %, PODE 4 2218 7t
& T TR 219 MDA S &= A1POD.  CATYE 43548

AN A
3.2 FEBEMHEAGSHIRCEERFIEN
Al

JtE e R AR A AN 7 BT 1 0 B AR
R, R WA KK E WA RE & ) 3 2R IR
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(EZES2017), TREPria S S S FLCH LA
FEAR 75 ¥ T80 %, (H S AL P A5 78 ek b 7K 20 0K 1 T
i, Wk T COLIMHEN, M A il R AW T
P (%2 B HE552012) 0 BRAFLBREIAN, F 5564 T H
B GG AR B A M2 B EA IR, i s
Fr ot 3 B2 G ARG G W I RE 1 AR C O,/
[t 7€ BE )50 (ZERKS52015) 0 gk e 45 (K Mg e 55
2018) T RN, HEE S I KL T+ R%MT,
AR IER N T718.7%. AW H g
B TUESE, & T REEME, HENSILTES
A A AW FRAIC, T 5 25 1
HHEP,) S5 FEG)BIEH LB TE T
59.2%F184.2%, HIAICOLMKE(C) Tt T 77.5%.

23 26 SRR I F PSILIF) ¥ BE 5 46
HL A 330 250 R 5 T S T SR e S X
JERE RIS S B e, JLrp F/F, R B KA RO,
RE RAEJFE W N A Oy B RE R 2R AL 2,
[ e BEHE B (PL, ) S e T PSR S A ML fE (Fk 3
SFEE2014), A 0TI (G T 252016; P05 FE252009)
WAHN, FJ/F,/NT08Ut IHEY) 32 2ia, HF/F 8
B P 38 I ERAN BTN o ASHE T 5 2 AR, JBRiE24 h
1M 225 5 B 19N H BRI F/F,/NT
0.8, T /Hr1848 hj5 & T F A F M F/F, 35/ T-0.8, Ui
B SRR R RRYR, JphiE i (AR, F/F, FREZ .
PL, Bl T 2L T = AW R, K #ERE72 h
N MEE 25 IPL, LU IE AL EE R % T 85.5% . AT
FANKNEVIIF, b T 7] 882 i TR A FE LR
MU 2R 2 Y, A 3 R Hp 0 52 B AS T 308 2R 35 (T
J622552005) . FEPIF R SE IR E /N, U608 T 5 P ia
X e B HR o RO PR P B, R P B 5 1
(CERE2006) . AT, PIFHE I F 35 0 T 5
TR TG TF i, {5 T 19 [ F o 1 e B S v T <
25°, YL B R 25 b R PR .
33 FEWETHEABERNTEHCS TRISH
I

BT NAE AT RV T S22 Wik 5 i, g 4
RRICTRAEN—FE SR .. %518
Ik P 23 2% 5 S RH B  A FAS A AR K e I 17 44
T 24T T2 Wit 78 (Wang62015). LA WL K
L, ONO (FE 5 14 B 5L FE A0 X+ 5 s B B

BONFAE (Z K THEE2015), ARy H R T WHT Rk
PR B e bs . AR AE G 2Ot 54
FEPEFRbRAESS &, 80T 2 o0 ik Bk AH XS 5
KE. MDAS &, F/F, ME6EEEP)ENH
ZHT R BiiEhs

ARHFTERIN, HE25 W F,/F, 1824 hf512)
1 10.79, M HZ R RS TR AR RN . 5B
Ah, TE19% T2 AL FECAT. POD. CATZ:HT
[B) A5 A4 50 T 5 J5 BRAK, T-48 hisfi& BWEAE, B+
e T H 248 hi AR bR N B . R
R RAE R, X TR & AR H B HE25, 4
X E K BEILT71.9%F, B H 252 2 2 Whria m)
S, 24CAT & 4b T1.29~2.55 nmol-mg” (),
WF,/F, T 0.75~0.791}, 8 #&HP AT 17.4~19.6
pmol-m”-s™ i, 1B H 2 22 B T R, &
BRMNE KM T 5, MY CATE &5 T3.79
nmol-mg” (& H), F,/F,/NT0.71Kf, 8P /NT
10.7 pmol'm™ s, PLHAH E2Z R EEE T2, 7HE
I AN TR o X T e Ry Y R
1973k, AHXT & K EALT61.9%~69.4%H), 5LF,/F,
H7F0.75~0.78HF, BL# P Ak T-14.6~22.5 pmol'-m™s™
I, 6B H 52 B o R B A T AR K
B/NF50.2%0), 8iF/F,/NTF0.700), 80 P,/NT
7.5 pmol-m” s i, A H 35 57 1) 5+ hie
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Physiological diagnosis of response to drought stress of sweet potato

LI Siping', YANG Shuo', LI Huan"", LIU Qing', XIN Guosheng’

!College of Resource and Environment, Qingdao Agricultural University, Qingdao 266109, China
*Yantai Academy of Agricultural Sciences, Yantai, Shandong 266109, China

abstract: In response to the seasonal drought stress during the growth of sweet potato ([pomoea batatas), the
experiment used sand culture test method to add different concentrations of polyethylene glycol (PEG-6000)
nutrient solution after 70 d of sweet potato planting to simulate mild, moderate and severe drought stress.
Through the monitoring of dynamic physiological and biochemical indicators for three consecutive days, the
drought diagnosis based on the physiological index of sweet potato in the middle of sweet potato growth was
explored. The results showed that the physiological indexes of sweet potato after 48 h of stress were more obvi-
ous to drought in the process of drought stress for 24—72 h. Correlation analysis between physiological indexes
of drought stress for 48 h and PEG concentration showed that the relative water content, malondialdehyde con-
tent, F,/F,, and net photosynthetic rate (P,) of the leaves were significantly correlated with different degrees of
drought stress, among which the correlation coefficients of ‘Yan sweetpotato 25’ were 0.93%*, 0.98**, —0.98**,
and 0.96** respectively. The stepwise regression analysis and path analysis of sweet potato physiological index
and fresh weight of the ground showed that the relative water content and F/F,, of the sweet potato were the
key indicators affecting the aboveground biomass of sweet potato (R,=0.987, R,=0.998), among which the di-
rect action coefficients of ‘Shang sweetpotato 19’ are 2.30 and 1.52, respectively. In summary, the diagnosis of
key physiological indicators of sweet potato after drought stress can provide a theoretical basis for guiding post-
drought irrigation of sweet potato seasonal drought.

key words: sweet potato; drought stress; chlorophyll fluorescence parameter; drought diagnosis
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Effects of Straw Returning and Chemical Fertilizer Reduction on
Growth Index and Photosynthetic Parameters of Rice
LI Siping, DING Xiaodong, ZENG Lusheng, WU Lipeng, ZHANG Yuxiao, XIE Junrui, LI Dong

(College of Resources and Environment s Qingdao Agricultural University , Qingdao, Shandong 266109)
Abstract: In view of the problems of improper straw treatment and increased fertilizer application in rice
production, taking Saint Rice 18 under the rice-wheat rotation system in Jining City, Shandong Province as
the research object, three treatments were set up through field experiments: conventional fertilization,
wheat straw non-return (CK); conventional fertilization 4 wheat straw full return (T1); 85% of the
conventional fertilization + wheat straw full return (T2). The rice growth, photosynthetic parameters and
yield at different growth stages were studied to provide theoretical basis for working out the reasonable rice
planting measures. The results indicated that straw returning to field under rice-wheat rotation system was
adverse to the early growth of rice, however, it could significantly improve rice growth in the middle and late
growth stages, and enhance the absorption of nitrogen, phosphorus, potassium and other nutrients in the
middle and late growth stages. The chlorophyll content, net photosynthetic rate and spectral reflectance of
T2 were the highest in the middle and late growth stages, and the SPAD value and net photosynthetic rate
increased by 4.4 % and 37.5% , respectively, compared with CK. During the filling stage, both Fm and Plabs
were higher than the previous periods. The experiment also showed that T2 had the highest yield, which
increased by 13.1% compared with CK. The direct reason for yield increasing was the increase of effective
panicle per unit area. In summary, straw returning to the field combined with fertilizer reduction is helpful to
achieve high yield and efficiency in rice cultivation production, which is worth popularizing and applying.

Keywords: rice; straw returning; fertilizer application reduction; growth index; photosynthetic index; yield
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2542.982X, + 333.921X; + 54551. 019X, + 366. 074X,



6 VISR PSR

5 34 4

(R=0.991,F=7.508, P =0.274) , H It 1 W %% % I
bR K RE T W E BN R, it — L W%
A 0] U 7 1 25 T00 AR bR o 7 o A R 95 RN . AR A 5
AT THAR AT (R 4, S5 R A K FEE I,

SYBERCRN F,/F 6 7 00 R AR A B R AR A
BT AR BR 5 R SPAD (IR Z . BT FE K R A K
Ja AT BE S e RO AR A ROR R R R R 3
SR

x3 BHATHEUEBEXNKEFEREEHRKH N
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F,/F, 2.552 0.596 —0.638 —0.174 —2.554 0.448 —0.173
HOLGHE P, 0.573 0.147 0.153 —0.048 —0.281 0.737 0.771
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