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Effects of ridge and furrow rain harvesting with supplemental
irrigation on chlorophyll fluorescence parameters
in winter wheat flag leaf

ZHANG Yu''?, DING Rui-xia'?, HAN Qing-fang''?, JTIA Zhi-kuan'*?,
REN Xiao-long'?, NIE Jun-feng'?, YANG Bao-ping'+
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Crop Physi-ecology and Tillage in Northwestern loess Plateaw, Minister of Agriculture, Yangling, Shaanxi 712100, China;
2. College of Agronomy , Northwest A&F University , Yangling , Shaanxi 712100, China)

Abstract: A field experiment was conducted to determine the regulation of crop photosynthesis and output and water
saving effect under ridge and furrow rain harvesting with supplemental irrigation in Guanzhong irrigation district. We
studied the effects of photosynthetic rate, chlorophyll fluorescence parameters and yield of winter wheat. The results
showed that Pn of ridge and furrow rain harvesting which were 57.1% ~ 84.4% and 25.3% ~ 50.3% higher than that
of CK and border irrigation, Fm . Fv.,Fv/Fm . Fv/Fo qP and yield of each ridge and furrow rain harvesting treatments
were also higher than that of flat planting, but gV was opposite. Both two width of ridge and furrow rain harvesting treat-
ments boosted grain yield by 74.6% ~ 124.9% compared with CK, ridge and furrow rain harvesting with supplemental
irrigation treatments enhanced grain yield compared with border irrigation by 0.3% ~ 18.9%, the higher irrigation
amount the higher yield, and the wide furrow was better than the narrow one. Therefore, in the year of less rainfall, effi-
ciency of light energy conversion increased by 44.1% under 60 cm rain harvesting cultivation. It is concluded that ridge

and furrow rainfall harvesting could improve the efficiency of light energy conversion and the quantum yield, improve the
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efficiency of photosynthesis and maintain higher grain yield under the conditions of half supplemental irrigation amount of

border irrigation.

Keywords: winter wheat; ridge and furrow rain harvesting; supplemental irrigation; chlorophyll fluorescence pa-

rameters; yield
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Table 1 The experimental treatment

- WK &
i3 Fiktr st o i i
Treatments Planting pattern rrigation volume
/(m*+hm~?)

VE ZBEETR
- 60 cm JHZEHETH 0

Ridge and furrow rainwater harvesting

VBT
™ 60 cm JHZEHETH 375

Ridge and furrow rainwater harvesting

V] ZBEETR
T3 60 cm {@i%ﬂj 750

Ridge and furrow rainwater harvesting

m VA 2B TR
T 40 cm I ZEEET 0

Ridge and furrow rainwater harvesting

40 cm JHZEEET

T5 375
Ridge and furrow rainwater harvesting
Ve ZBAEE TR
6 . 40 em (@i%ﬂi . 750
Ridge and furrow rainwater harvesting
T7 . Wl . 750
Flat planting
CK T . 0
Flat planting
180 ¢ B b4 Early @+ f) Mid. B F4J Late

[# 7K & Precipitation/mm

I 1) Time(Y-M)

B1 REHEEKES S

Fig.1 The precipitation distribution during the test

1.3.2 »PFfbbd TANEMBEHGAH 13
H) e (4 H 25 H) FERI(G H 3 H)FHA
PAM - 2100( Walz, Gemany)ﬁ?%iﬁﬂféi%%}’_@'ﬁfﬁ , bl
PR e — By 2 /N A2 i, ) 5 W5 S 30 min
JE W R IR 56 Fo) e RFEE(Fm) (LA K B AR
MR T I RIOC(Fm ) FIRRSZO G (Fs ) 55005
B, AR/ S RIURE BN EE 3 RE R . FRITRTO
ZH PS I I ROGREFE AR (Fo/ Fm ) (PS I TETS
PE(Fv/ Fo) ST K R (gP ) FEES G2 K
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Note: Data in the figure are the mean of 3 replicates. Values showed with a different letter are significantly different at P < 0.05 according to Duncan test.

The same below.

B2 REEEREEAEE NSRS & EE (Pn)

Fig.2 The net photosynthetic rate of flag leaf at different growth stages under different treatments.

2.2 AERETEM Fo.Fm 1 Fv ITH
WIRDE Fo WAZE PSII OERS 1 ) Jefb#
SN R G RE R SR 4, ARER T PS I RO H ot 43R I
TR T H 32 AR (QA) & S AL B A 28 7K,
AT ARYE Fo 1ZBALHEN S0z o IR 150 F0 AT RE 1Y)
AR HLHST . T 2 0T AE Y, & AL BRI 566

Fo 1AL WIRIARARAR N , Y 2B 4 i A b H 2Z [7]
Tl 25 AR TP AR AR 7 20T EK
Kb P R T AN K AR B, 22 WIS 7K AT AR vy Dl
P T , Y 246 T A PHOYG A~ 30 1 2 o AR
AEEE(P <0.05)

£2 ARSEXZNEREEH Fo. Fm 1 Fo B

Table 2 Effects of Fo, Fm and Fv at different growth stages under different treatments

WIFRDEIE Fo

K#e Fim

ARG Fo

Trjjri%nts EillpE-Si] WAt X EillgE i e A T BAEW L
Heading Flowering Filling Heading Flowering Filling Heading Flowering Filling
Tl 0.28abc 0.28b 0.27b 0.44cd 0.44cd 0.47be 0.16b 0.16bed 0.20ab
T2 0.31ab 0.29ab 0.29a 0.54ab 0.58a 0.53ab 0.23ab 0.30a 0.24a
T3 0.31a 0.31a 0.31a 0.60a 0.60a 0.56a 0.29a 0.30a 0.25a
T4 0.28abc 0.28b 0.24cd 0.4lcd 0.41cde 0.36de 0.13b 0.13cd 0.12cd
TS5 0.31a 0.29ab 0.25bed 0.44cd 0.47bc 0.40cd 0.16b 0.19bc 0.16bc
T6 0.28ab 0.31a 0.25bed 0.47bc 0.53ab 0.42cd 0.16b 0.22b 0.17be
T7 0.25¢d 0.26¢ 0.26bc 0.40cd 0.37de 0.37de 0.15b 0.11d 0.11cd
CK 0.23d 0.24c 0.23d 0.36d 0.36e 0.3le 0.13b 0.12cd 0.08d

T R AP R 5 WER MM B AR 78R Rt 7 00 22 5 8.3 (Duncan %) . T,

Note: Data in the table are the mean of 5 replicates. Values followed by a different letter are significantly different at P < 0.05 according to Duncan test.

The same below.
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I ZESETN AL TR LA T3 fH A B, 3 v TR A Ak B
FIAETR AN A E AL 2, AR R AR 7 5XF, e R 2t
Frm B 7K 3G 0T340, AR K &2 254 T, 60 em
IZBEE AL T 40 om YA ZBSE AL B, FE 2 0 60

em I ZEEEM AL PR 25 5 TP R4S A B (P < 0.05)
VLA 60 cm V4 ZE4E MR REFFAIGHE S 14 /NEZ PSTT
SN TR R

RSO Fo R T A1 2 5 PST1 J6fb2# RN
JCREFE S0, RBLT QA IR JFE . &L B I
WIE ZE G5 TN PR 1Y) FT AR 58 Fo 90 TR,
P ZB L AL RB A 1 N2 5 Ak 2% O ()6 RE
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BRI R W ANE AL B Fo (e e B, X
A E RN — . WEEWLIN Fo.
Fm ., Fo A5 WPE Y8 53 0BV K AL 3 T7 2%
R 4.6% ~11.9%.3.8% ~ 54.7%.2.4% ~
122.3%( P <0.05) , B FAEAL BAE T 25T Fo
FIREAR T2 T Fn W FEARTT T30, 5 Krause
2L OTHE R O 45 S
2.3 AREAIETHERM Fo/Fm %0 Fo/Fo HIZS4L
Fv/Fm Rl Fv/ Fo J& 3% B 64024 K IR 50 5 PR
ANEESH,E UMY B ST REPIGRE
FERCRA PS I IEETEPE

RS T3 19 Fo/Fm 358 F T4(P <0.05),
oAt b3 R 25 TN (R 3) o AR I AIE SR I i
ZELE T AP AL 38 5 3 o TP AR HE K AT K A 3
(P <0.05) , HFIFEBEAAFT 60 em 15 ZBHE T A0 FH 5
F 40 cm VHZEHEW AL, £ 24 B B S Y (E KN A
T3>T2>T6>T1>T5>T4="T7> CK, T3 2k T6.
T7T B FH4RE T 20.8% (P <0.05).44. 1% (P <
0.01), 1 T7 XL CK ¥4I T 2.7% , 2 F A&, #
HJ ) 284 W AR AL B RE T VR AL 38R B B SO b
SRR I T A E IR ISR | IR T8 22 vA 54
BV 2

F3 ARAVENZNEZETH Fv/Fn 1 Fo/ Fo B35

Table 3  Effects of Fv/Fm and Fv/Fo at different growth stages under different treatments
Fv/Fm Fv/Fo
B
Treatments il iR | S - A iR TSI T2

Heading Flowering Filling Average Heading Flowering Filling Average
Tl 0.36ab 0.35cd 0.42a 0.38b 0.57ab 0.56cd 0.75a 0.63b
T2 0.42ab 0.51a 0.45a 0.46a 0.76ab 1.04a 0.82a 0.88a
T3 0.46a 0.48ab 0.44a 0.46a 0.9%4a 0.95ab 0.80a 0.90a
T4 0.31b 0.31d 0.34bc 0.32bc 0.48b 0.46cd 0.52bed 0.49b
TS 0.36ab 0.37¢ 0.39ab 0.37bc 0.62ab 0.65¢ 0.65ab 0.64b
To 0.34ab 0.41bc 0.40ab 0.38b 0.51b 0.72bc 0.69ab 0.64b
T7 0.37ab 0.30d 0.29¢d 0.32bc 0.60ab 0.43d 0.44cd 0.49b
CK 0.36ab 0.31d 0.26d 0.31c 0.57b 0.48cd 0.37d 0.47b

Fv/ Fo FEA AL PRIB) RIS Fo/ Fm FP—EL,
Y A0S0 FNE S 00 ZE L T AMEE AL ] Fo/ Fo 13515
TR AR RURFE KA FE (P <0.05), % B8 284
FIALIR LR A B E A B K PS LY TETE M. AH ]
TEBESSE T 60 em VA ZBEEWALFERY Fu/Fo & T 40
em VA ZEETNALHE, A B Fo/Fo HKIRN T3
>T2>T5>T6>Tl >T4>T7>CK, T7 5 CK 2%
AN TL B T4, CK 43 33 T 28.5% .32.8%
(P<0.01),T2 lb TS\ T7 051 & T 37.1% .79.2%
(P<0.01),T3 H T6.T7 20534 A0 T 40.4% .83.3%
(P<0.01). ULHEZEEE M RIAE ZE 3D — P K i
B AT T AT RRH AR RE AR DR e (R DGk T P R v
FETENE , e 7 17K AR A A B SR 9 HL 98 2818
ST T2 281
2.4 AEREBTENZEETH P gV B9ZL

HALZEHE KRB (qP ) 2 PS 11 R i+ 32 4
QA F AL —Fp it B2, A0 PS I S o Il ER
HRHEt3), e 7 PS I R4 (0, K 4 3 1 e
TEAAFREINRLR . gP TR G T /N 22 it
PS4 i FA& b a5 2

A ZE TR (g ) i) 2 PS 11 R B 2R K

WL REAN BB FH 6 A L & 3 i LA TE AU RE BK
FLGRERR 5y, 2 —Fh A ARG . WA R
A HBRERL PS I S H O K260 38 IR A i) it R
R A LR B P B (e 2 5 18

& 4 v & I BE WA B S F K R
B gP R T EEALBE, B T2, T3 S8 f 5 1
W qP (HIEATCAEA WER A RSN, o & Ak
PRYRf A 7 R AR R T T R, O VA 22 42 W HMEE Ak
R R ORI TR A BE . A CK B KT
R T4 DISMYHAA AL FE(P <0.05) . 46 qP LA
T2.T3.T6 & & & T HE (P <0.05), FAEHEK
SO T7 W E ST CK(P<0.05), HERI T3 B3
ETH BB (P <0.05), 15224 W AL BE A1 Ab
PRI FI0 R HEK 750 md + hm ™ 24 L 5 5 T AN
FIMEIK 375 m* - hm =240 (P <0.05), AFH ¢P F
WHEMIK A T3> T2 > T6 > TS > T7 > T1 > T4 > CK,
T7H CK4EE T 11.0%, 273 B E (P <0.01),
T2.T3.T5.T6 43 % kL T7 ¥4 T 7.6%.8.9% .
1.9% 4.2% Bk 15 2252 W E MNP <0.05), H4x
BRRE R (P<0.01). T1 405 T4, CK $2£5
1723%.9.8%, 558 2Z5 M E2#F(P<0.01), U
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NS E SEPOSEE S R (RIS TINE 1)) 1B R a2 LN
FRE qP . V5 2B AR T bR AL BEOAS 9E E kb 9 375
m’ - hm ™GB 750 m’ - hm [ gP B HOPAERIME
AR TR E K A B o, RS B PS TT S L I

BH R B A5 T2 /NE PSIOEAH
AL, kb PS I AAALM ) PSIT SRz H L HE
TSI, AN I T4 FE AL B ORI H 60
cm P ZEEE AL BECRIL T 40 om {5 2B AL

R4 FEALEXNZNEEEFTH P gV BIRIT

Table 4  Effects of ¢gP and ¢/ at different growth stages under different treatments

P anN
shsm A :
Treatments hRE] WAEW WM P L e X -y
Heading Flowering Filling Average Heading Flowering Filling Average
T1 0.9%4a 0.86bc 0.77d 0.86de 0.21ab 0.26b 0.34bc 0.27bc
T2 0.96a 0.96a 0.884ab 0.93a 0.19b 0.22¢ 0.29¢ 0.23cde
T3 0.96a 0.96a 0.92a 0.95a 0.19b 0.2¢ 0.23d 0.21e
T4 0.90ab 0.84cd 0.78d 0.84e 0.22ab 0.28ab 0.38b 0.29ab
TS 0.93a 0.89b 0.83¢ 0.88bc 0.2ab 0.24bc 0.31bc 0.25c¢d
T6 0.95a 0.90a 0.87b 0.90b 0.19b 0.21c 0.25d 0.22de
T7 0.9%4a 0.89b 0.77d 0.87cd 0.21ab 0.25be 0.35hc 0.27be
CK 0.84b 0.81d 0.7e 0.78f 0.25a 0.32a 0.41a 0.33a

B B AR 45 A FE A A e fh 25 T K R R
gN HJRIEIEaS . A AR oV H2EFAK,
CK BFEHT T2.13.T6( P <0.05), 5 T7. HAth 14 2&
AL EE 2E AN B . AR T3 i Te B EH (LT
T1.T4.CK,CK &5 T T7(P <0.05), #E3KH CK
2R T A A A B Y 28 A TR A% A B i R R
hn gV FEAK, #h#E 750 m? « hm ™2 B K T 4 375
m’®  hm 2FIAFEALH (P < 0.05) , 5 2B AME 750
e« hm ™24 B AR FPAERE K 750 m - hm 2 Ah B
(P<0.05), *EEHW oV FHHEMIK N CK > T4 > Tl
=T7>T5>T2>T6>T3,T1.T4.T7 435t CK R
21.0% .11.4% .21.0% (P <0.05), T2,T3.T5,T6
S T7 BEAR T 15.7%.30.6% (P < 0.01).
8.0% .24.6% ,2: 5 W& (P <0.05), KW CK 7K
G308 N AR IO Rt 0 28 2 R e i B O
14 ZE B TR R RE T 22 b 1) T T W 1 S R, b 7
AT RS RO ANY 3 o L RV =L 0] /I STE NS
2.5 ARAEFEEXTEE

WZEL TN A A = B 8 25 & T CK(P <
0.05) (& 3), P~ L R IR 74.6% ~ 124.9% . VAE
K AL FE T7 (6 589.5 kg hm™2) Ho CK (3 483.9
kg*hm™2)3477 89.1% (P <0.01), AI[a] T8 B 1 74 2&
A T AL PR R L B e T D R 3 0, R
375 m’ - hm " 2AbEAURHE K A FETC 18 3 25 5, 1
KT ANE 750 m*hm " 24EFE (P <0.05) ,60
em Y ZEAR T AL B 1 I 2 i T AR R AN KO T 1
40 em VHZEHE WAL B &, T1(6 771.5 kghm™2) "
HE T4(6 083.7 kg hm™2) M/ 1 11.3% (P <

0.05), kb CK 37 94.3% (P <0.01),T2(7 222.1
kg*hm~2) kb T5(6 572.8 kg*hm™2) . T7 #* 9.9%
9.6% (P <0.05), T3(7 833.5 kg hm~2) [t T6
(7 198.3 kg-hm~2) 3= 8.8% (P <0.05), bt T7 j*=
IR T 18.9% (P <0.01),

8000 pe 0 o2 b
7000 d
< 6000
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