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Analysis of dry matter accumulation and translocation for winter wheat cultivars

with different yields on dryland

ZHOU Ling, WANG Zhaohui”* ,LI Fucui, MENG Xiaoyu, LI Keyi, LI Shengxiu
College of Resources and Environmental Science, Northwest A&F University, Yangling 712100, China

Abstract: Located mainly in the dryland areas, the Loess Plateau is an important region for crop production with winter
wheat (Triticum aestivum L. ) as a major crop all over the lands. In cropping systems, winter wheat cultivars play an
important role. For obtaining high and stable wheat yields in the region, it is of significance to select the most suitable
variety of winter wheat for practical use and reveal the differences of dry matter accumulation and translocation of the winter
wheat cultivars with various-yielding levels for understanding of their internal characteristics. For this purpose, a field
experiment was conducted from 2008 to 2009 in a site where no fertilizer had been received for six years before the trial.

Two factors were included in the experiment: wheat cultivars and fertilization. Nine wheat cultivars with different yield
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levels released and widely adopted in the region were utilized as testing materials and each was planted at three nitrogen and
phosphate input rates with four replications. During plant growth period, plants were sampled at flowing and harvest stages
and the total dry matter amounts and the dry matter accumulation pre- and post-anthesis were measured so that the
differences of dry matter translocation, dry matter transported amount and rate, transferred efficiency as well as the
contribution of the transferred dry matter to grains could be evaluated for those winter wheat cultivars. In addition, the leaf
area, SPAD value and photosynthetic rate were also determined at some stages for further illustrating the yield-forming
traits. The leaf area was measured at booting stage by LI-3000A leaf area instrument, the SPAD at both booting and grain
filling stages by SPAD device, and photosynthetic rate at grain filling stage by LI-6400 portable photosynthetic instrument.

The results showed that dry matter, dry matter accumulation during pre-anthesis and post-anthesis, dry matter
transferred efficiency and the contribution of transported dry matter to grain yield were significantly different for different
winter wheat cultivars. Compared to the control without fertilization, the total accumulation productions of the high, middle
and low yielding cultivars were 29% , 22% and 6% increased for the low fertilizer input treatment, and 46% , 39% and
23% for the high fertilizer input treatment, respectively. With the increase of fertilizer rate, the dry matter accumulation in
the post-anthesis was increased for the different yielding cultivars whereas, the dry matter translocation, transferred
efficiency and the contribution of the transferred dry matter to grain yield were decreased. At the grain filling stage, the
SPAD value of their functional leaves or flag leaves of high, middle and low yielding cultivars was 20.7, 17.5 and 13.7 for
the low fertilizer input treatment, while 35, 26. 1 and 16. 8 for the high fertilizer input treatment, respectively. The
photosynthetic rate of high yielding cultivars ( Xinong 88) was 6.0 umolCO,» m™+s™' whereas the average photosynthetic
rates of middle and low yielding cultivars were 4.3 and 4.0 umolCO,m™s™" | respectively. The high-yielding variety was
characterized with high levels of total dry matter production and also with high dry matter accumulation after anthesis. The
high dry matter increase after anthesis might be related with the high SPAD value and high photosynthetic rate of the
functional leaves during the grain filling stage.

In summary, the higher level of SPAD value, photosynthetic rate and dry matter accumulation after anthesis was one
important reason for wheat cultivars with high grain yields on drylands of the Loess Plateau. Therefore, selecting qualified
wheat cultivars, adopting adequate cropping measures as general , and especially maintaining a high dry matter accumulation
during post-anthesis through the regulation of nutrient management could be regarded as the essential ways for further

improvement of winter wheat yield production in the area.

Key Words: winter wheat; grain yield; dry matter; accumulation; translocation

ANZE R B AR T — 7 TR T AEJS W A 7, 5 — T TR T AL RS SR B BT W0 kR Y
Bl WIS B A SR KA A SRR P R A EEAE R, A RERL T R Y 709% —90% 4k
AT 2T YR 5 RS IR AR T B X RFRLSTHR R 7% —57% 7, FPRiE S I BR8 SFAR H T 6 &4 T A
W IR, A6 i SR AT 4 R R XA R o R BE R B 2 o O X P AR

TEJ5 T R SAEET T T A8 1 L e AT DRRE L 7 d 4 AR ) B M DR R | L5500 | 1 4
it A 2 R A5 (R DDA DG S [ 3 DR R /NI Y SR i v T ) I A R A AE I 8 22 531 Maiotti 2538 4 i
BRI ERAIRE I 25 ASBERL/INZE SR AR ST 2 B | 46 T A1 576 B XE AR (8 BTk R 8 43% —54% 7 ; Praulj
SRR X — TTERRAE 20 IR K EE AR AS 52 R 4% —24% ) Proulj 538 % BT W) 506 A% 114
KR MERABZEBETHL

A B E RO R TR AR E A A Z RIS R M EEE IR0 P AR T R
BRI SE MG A ReR T 2 LT B A B g ol i U RE RS AR JS T T
BRL BRI BN AL TR AR iE , I s Arhn =t s 3BE8 B OGS = WX RFRL 1 5Tk 3 b

http ; //www. ecologica. cn



13 48] JAFe  AF AR R KPR A /N A Rl I R S ) 22 5 o B 4125

5t KT B e T R g ek 2 D BRI T A T SR AR T T R e N AR R
FEIK AP IE B OE N, B 34 0, 465 [ Ak 4 BB T RS i R R ST R R, X
SESEIR e A S ARNEE A KA i 00 254 T RS (Rl =+ AR T AL A B A KT3I Y 52 b 2%
P B A SCHF T .

ARSCHEREE T AL R R AE 1 9 AN SR TEESE 6a AAT ] ALV AR AL g P 1 A 1 (R3S
WFIE T AN = s KO/ N2 f AT o SRERRIEE R 1 22 5, DIV OR SR b /NG 1) v 7 | e sl B 4 s B S AR i
1 #R5H%

1.1 B A S it

2008 4F- 10 H 13—14 HHEF,2009 46 H 2—6 H WK (AR FiF AR 22 HIARTE) o 67 PE bAoAk
B KA RN E— S 04T, i 7 T 8 i SRR &8, W4k 520 m iy, AEXRR 13°C, R IK R 550—600
mm, FEEPLET—9 H, FHZEEE 1400 mm, JERHE S BHX, 5058 H 38 O 28F 8+ S H
Ji21.9 g/kg 2A0.8 g/kg TSR 6.9 mg/kg FLAE 18.5 mg/ kg HAWE 6.5 mg/kg A 114 mg/kg, pH
1# 8.3,

KR R X BT, BB IR A KT, G AHEAE (X HR) ,80 kg/hm® N + 50 kg/hm® P,0, (K4
A)F1160 kg/hm® N + 100 kg/hm® P,O5(E#% A )3 A0 3 FAL IR E  BEAL A BEIR — 4% (&% N 17% , & P, 0
43% ) 5 BIVAL BRI AF R 21 Hb 5 R I 9 A4/ N2 R 43 30 R v A 88 L /MIE 22 Ak 148 PE A 979 PE A
2611 P44 2000 , P4 9871 3= 902 FIJLF 9812, HBR VG i B A F 0o AN PH JL AR K24 /N5 Jr i
fit, EXHEA40 m®  {IXEF 2.7 m® B E— DRI 6 17,174 1.8 m, 1720 em, A T 55 4% , #5 b
WRE A 50 Ki/m,4 WWEE , RIETRERT— UG, A4 F I TCHERE , R4 2 5 2 Mok B — 3,

1.2 FEACRESE

TR E 2/ B TR (2009 4E 4 H 11 H) FIrF4 R & H(2009 4E 4 A 11 H) , BER 0 &
-4 255 B (2009 4E 5 H 21 H) FDGEH A (2009 4E5 20 H) . HHEFLF LI-3000A AR & ; i4¢ 2%
FHEHEL SPAD e {2 5 &R H LI-6400 AL XSG NE

TAE RN AR AR 5, BN AL 1 m P BAERE , 565 B 29R K b 3R AE AR o 250t il
AEL1 0 SR 25 PR G f6F B, SR BGH A0 RE AR EE 105 °C R AYT 30 min, 75 CHET, M /kar& i,

IR VP S YA 91 Ny R T A VA R O =111 o= L) 5 10 <1 [ YED 7 = O
YRR R DT RN
1.3 T BRI SRR ik

B E /N AR B AE A ) T BB P 2k, B SR A B (R 05T ) AR W7 s o B e AL B kR
W E TR E TR AR R AR AR T AR LA A 107

1)E TH o BBUE (kg/hm®) = B L -3 T4 ot SRAR G AR L3 T i R (1)
TYEH S (kg/hm?) = FEHAHL 364 i R - B b 0 SR8 B T i A (250 +5005¢)

(2)
TYIFREHERS R (%) = TR/ L3195 Z2FE <100 (3)
R T BRI DTIR A (% ) = TRt/ ¥R ™ %100 (4)

1.4 Sitotr
IR FH DPS BT840 .
2 ZEREHH
2.1 R[AIFHLA/INZ SRR AR R i 25
WA Ty 26 73 W RN 22 B LU SR T O /N iR o Ry 3 2H (R 1), ™ 2 b R P A 88 TEAN R 37 43-4%
ATK -2 77 5 R 4528 ke/hm? 5 =418 R/ IMEE 22 525 902 P4 9871 P4k 2000 Ak 148 , -1 5
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M 3756 kg/hm’® {7741 R P4 979 P4 2611 JLFE 9812, -4 H g 3326 kg/hm® . ToFE/M AR, 77 A il
VA 88 FAFFHL ™ f 5t 0 5 e T LAt T Al 5 3% 348 A KT B8 e B3 i 1 RS 2O 43 i) Leox BE R 5 349
55% o TSR ETCIR AR PR 2 S A A B 25 5 5 (IR FR A B /N ZE R R k) R AR
1 16% —29% , 3K 25% 5 B F= B BT R4 5 24% —79% , 3R 42% , AK7= 4 i R e Jo 33 43 4% At

SEUARAIR , 7505 A B I B IR AR /S AR A B ARFRL™ i 300 B AR 5 4% —14% P38 6% ; #3751
BAFER 10% —45% ,FFH0 31% , 0] UL R RIAL/INZZ P2 i BIAETC SR A AT e fIK AR AR = v, s 48 A
i 3 ToFR B A RERL = i S G 3 I F = A3 A S5y SRR B e /N e I B R
2.2 A[FERHANE SR 2

AR 3 AN R KO AN RIS [ SR 4 A KT 1 AR W - {8 43 ) DR 10407 ,8705 kg/hm® il

7539 kg/hm’, =77 SFPEAR 88 (AR AR AN RIS B A KT 248 T L L R AR A B A i e R
P 29% , AR AR S 46% el EIR AR, A R SRR E 225 KR HRA
Ao LA W L R R 20% —27 % , -390 22% 5 = 323 BB R 21% —T75% , 310 39% , AR~ 4
TCFRAT BB AE Y REARAR, 57 3 F AT LA 1y o 9 412 v R B A B, I 3% 0 480 A B JHG A et LU ) R 55 0—
12% -0 6% 5 i 32 AR E 11% —35% 38 23% (32 2) o A WL, AS[R] 77 5 K OF 5t Fil A W) i A2 7
WERR AW 5k REIE —8OCR, &7 A AE Y R TSR AR SRR ARSI
B AR AR i, X3 35 43 I 7 AU, I 4y LB s v A A

F1 ARZMERMIFRF=BER/ (kg/hm?) ®2 ARZNERMEWEESR/ (kg/hm®)
Table 1 Grain yield of different winter wheat varieties at different Table 2 Dry matter of different winter wheat varieties at different
fertilizer rates fertilizer rates
A X I R A A A RUi A BIA
Variety CK Low input High input Variety CK Low input High input
PGk 88 3497 c¢(a) 4680 b(a) 5406 a(a) Pk 88 8325 c¢(a) 10733 b(a) 12163 a(a)
JIMIE 22 3295b( abc) 4111ab(b) 4720a(b) 7IMIE 22 8314h(b) 9975ab(ab) 11401a(b)
5902 3161 b(abc) 3973 a(h) 4192 a(ec) 902 7551b(ab) 9115a(be) 9724a(cd)
Va4 9871 3406 b(ab) 3949 a(b) 4234 a(c) Pi4e 9871 7548b(ab) 9088a(hc) 9838a(c)
Ph4 2000 2895 a(c) 3721 a(be) 3739 a(d) P4 2000 6947a(b) 8410a(cde) 8415a(e)
K 148 2896 c¢(c) 3708 b(bc) 5197 a(a) Ak 148 6911c(b) 8792b(cd) 12118a(a)
P4k 979 2991 b(bc) 3401 b(ed) 4139 a(e) PE4 979 7180b(b) 7418b(ef) 9095a(d)
Pafc 2611 2900 b(c) 3109 b(de) 4211 a(c) Pife 2611 7014c(b) 7843b(de) 9465a(cd)
JuF 9812 2994 a(abc) 2884 a(e) 3307 a(e) JuF 9812 6732a(b) 6727a(f) 7453a(f)

FESANRNG 5 8 35 70 4 KO 18 9 22 5% 3% 5% 5 %K
- 45 B R ) B 7 R D 022 5 5% KT
2.3 AR/ N S REET S TP i R

1 AK 3 ANSEREKOEANE SRR  FEANTRI SR R A K AR RT T4 5t RAE S ME 5 N 6926,6951
kg/hm® 1 6026 kg/hm* , fE )5 T4 it RAGE V-5 5114 3481,1992 i1 1633 kg/hm’

X BRAH LE 257 SRR PG Ak 88 FEHT T ot RA AR B A BT 55 7% , R BB 5 10% 5 ™= 21 S R e
TRFR AR SX A L TC 0 25 57 S R i A3 8 14% —30% , V328 229% . AR 41 i A EE AR B AT
5% BRAH FL IR TC B 5 25 5, S A AR R 2% —13% , V35920 9% . SXF B E, & AR 3 A= m KPS R
MIAE G T4 B R AR AR IR 20 $ A 20 1§ 055 1119% ,284% H 48% 5 8 37 73 5 A KPR 230l 4 i 181%
305% M1 135% (£ 3) .

A UL AN 7K/ N2 SRR R AR J5 T ot SRAR S A I 1 22 S ™ R CE PN BRI 9 T4 o
SRR IERAR, @7 A EET BB 5 b SR AL, A6 S W s T b o™ A BB S AR S T A
X TE B e 7 e SR AR, /N22 v B R R T A6 5 G 1T Jo e o 50 v 1 4 0 5 v, D 77 6 v 5 BB 0

http ; //www. ecologica. cn



13 48] JAFe  AF AR R KPR A /N A Rl I R S ) 22 5 o B 4127

PATKN- B, A5 T 5 AR B o 1 0 P R LR L AR RO v LR AR UL A AR (E P X TR
A5 T AR K S R —, 4B 5 T 0 R B B A 2 FE AN BE U W g | AR 7 2K Y 7
5,

®3 FAERMLZNESMENNESTURERE (kg/hm®)

Table 3 The amount of pre- anthesis and post-anthesis dry matter accumulation of different winter wheat varieties

AE4Y] Pre-anthesis LI Post-anthesis

fitfl Variety A fiEBEA A A fRBEA FHA

CK Low input High input CK Low input High input
PaAR 88 6561a(ab) 7003a(ab) 7214a(b) 1764b(ab) 3730a(a) 4949a(a)
7IME 22 6356b(ab) 7186ab(a) 8264a(a) 1958a(a) 2789a( abc) 3136a(bc)
902 6467b(ab) 5775b(d) 7727a(ab) 1084b (abed) 3340a(ab) 1997h(de)
P4 9871 6943b(a) 6426b(bed) 8422a(a) 605¢(cd) 2662a( abc) 1416b(e)
Pa4 2000 6120b(b) 6075b(cd) 6949a(be) 827b(bed) 2334a(bed) 1466ab(e)
Ak 148 6616b(ab) 6580b(abc) 836la(a) 296¢(d) 2212b(bed) 3757a(b)
Pa4e 979 5969a(bc) 6012a(cd) 6083a(cd) 1211b(abed) 1405h(d) 3011a(c)
Pife 2611 6362b(ab) 6636ab (abc) 7195a(h) 652¢(cd) 1207h(d) 2270a(d)
Ju3 9812 5317ab(c) 4725b(e) 5931a(d) 1415a(abc) 2002a(cd) 1522a(e)

2.4 AR N SR TP LR R RS AR R ARL ™ R DTk R

i A 3 AR IKOP AR TEAS [ 3R 43 BATKY- 0 T W B 7% 5T 12043 31 R 10471821 il 1693 ke/
hm? o 3 AN g KT b B %) 1 40 5 % AR IR A0 B A KO R 43 0 B0 BRI AIG 45% . 40% F1 16% 5 = 97 53 4%
AT 53 ST BRREAIR 74% 2% F112%

TCFEM AR, R SR U4 88 (T4 AL RN 25% , b AR 7= i b B9 S-S 4E 2050k 32% F131% ik
FRBAZMT, ZFH 5300 9% (19% T 26% ; {5 52 53 B A, A0 R 18 4 Jot 7% 78 3253 00 3% . 25%
F124% .

TN B K 3 AR AT R RS T T SRS R 48% \75% T 65% . ARFR TR K
TR, =550 24% 35% F1 57% 5 (=325 AR 53500 7% 48% F143% (£ 4)

x4 TREMZNERMERTUREBE BEBRMEBIHRE

Table 4 Dry matter translocation, remobilization efficiency and contribution of remobilization to grain yield for different winter wheat varieties

AR/ (kg/hm?) R/ % TR DT %

EF Vaiety The amount of dry matter translocation Dry matter remobilization efficiency Contribution of remobilization to Erain yield

X e A [EEL PN Xof e SN [HEL PN Xof e SN mBA

CK Low input  High input CK Low input  High input CK Low input High input
Pk 88 1733a(ed)  950a(hb) 457a(f) 24a(be) 9ab(b) 4b(d) 48a(d) 24ab(c) 8h(e)
JIME 22 1337a(d) 1322a(ab) 1584a(cde)  2la(c) 19a(ab) 19a(bc) 50a(d) 34a(be) 34a(cd)
FE902 2077a(be)  633b(b)  2196a(bc) 3la(abc) 9b(b) 28a(a)  68a(abed)  20b(c) 53a(ab)
P 9871 2801a(a) 1287b(ab) 2818a(a) 39a(a) 19b(ab) 33a(a) 86a(ab) 35b(be) 67a(a)
Pa4 2000 2068ab(bc) 1387b(ab) 2273a(ab)  32a(ab) 22a(a) 32a(a) 80a(abc)  45a(abc) 60a(a)
Ak 148 2601a(ab) 1496b(ab) 1441b(de)  39a(a) 24b(a) 16b(c) 90a(a) 43b(abc) 27¢(d)
P4k 979 1780a(cd) 1996a(a) 1128a(e)  30a(abc)  30a(a) 17a(be)  63a(bed)  70a(a) 30a(d)
PE4k 2611 2248a(abc) 1902a(a) 1941a(bed) 34a(ab) 30ab(a) 25b(ab)  77a(abc)  62ab(ab) 45bh(be)
JLF 9812 1579ab(cd) 882b(b) 1785a(bed)  28a(bc) 18a(ab) 30a(a) 56a(cd) 40a(bc) 55a(ab)

APOL, AR SRR AR LG, 7 S A ) T B R A RS R AR SRR I B L3, BEIR A
FBE T, RERL = I, TR B A i T B AR RCR MRS T W SRR L ) STk S mi A . PRIk, DK
FERL™ i 1 SRR, AL AT T4 0 RS AS S i)™ 8 (Y FE B2 il (EOF AR IR R - B B R
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Table 5 Leaf area and SPAD of different winter wheat varieties at booting stage

MH1E A Leaf area/cm? SPAD X1

hFl Variety ot B B4 A FHEA o B A i IN

CK Low input High input CK Low input High input
Ti4 88 14.5 b(b) 15.0 b(de) 19.3 a(a) 40.9 b(d) 48.3 a(bc) 50.4 a(b)
/ME 22 12.9 b(cd) 16.0 a(cd) 16.7 a(bh) 45.1 b(ab) 47.0 b(cd) 50.6 a(b)
F54902 17.8 b(a) 16.7 c(be) 19.0 a(a) 43.5 b(bc) 42.8 b(e) 49.3 a(bc)
P4 9871 14.4 a(b) 13.2 b(f) 15.0 a(cd) 45.6 ab(a) 44.1 b(de) 46.6 a(de)
P54 2000 11.7 c(e) 16.3 a(c) 14.6 b(d) 40.6 b(d) 46.2 a(cd) 45.1 a(e)
e 148 12.3 b(de) 17.6 a(ab) 19.0 a(a) 42.3 b(ced) 44.5 b(de) 47.5 a(cde)
P44k 979 12.0 c(de) 13.8 b(ef) 16.2 a(be) 45.4 b(ab) 50.5 a(ab) 50.9 a(b)
P4 2611 13.5 b(c) 15.1 a(de) 15.0 a(ed) 45.8 b(a) 52.9 a(a) 54.3 a(a)
JuE 9812 17.4 a(a) 18.7 a(a) 18.9 a(a) 44.1 b(abc) 51.1 a(ab) 48.6 a(bed)

M2 K A R R FOGA RE TR BAMIR 2 — | SPAD- 502 B -4 Z 30 5E /4 - A9 SPAD (i 552
Bl 2 (O I e IS 3 B 22 IR S A B 3 IR AR %, IR wT ] SPAD (B AT IRl Rm i i b R S i ik, 22
FEIIN 72 1 SPAD fH (3R 5) W, TTFTHN B i I PE R 88 1Y SPAD 47 40. 9, H IG5 i A~F- S48 43 1)
R 43.4 F4A5. 1 IRFRFHAFZMT, =008 48.3 44,9 1515 & 3% 0 B AR, A1 1 SPAD 4351
50.4.47.8 F151.3, W] UL, ZREIARTR] SRR SPAD (B3 Bl % 4 B0 A K -2 = 1 B 5, 5 5 7 SR %) SPAD
EIFA S AR SR ) SPAD (AR AL, 12 B S AS [ 7 g 7K SF- i Al Y SPAD R A v A1 [ A B DA fige B 7 1 1Y)
E5,
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®6 AERME/NERMERE SPAD M &ERLILER
Table 6 SPAD and photosynthetic rate of different winter wheat varieties at grain filling stage

g e
SPAD Photosynthetic rate
il Variety /(umolCO, m™+s)
X} & CK fEHEA Low input R A High input fRHEA Low input
PG4 88 10.2 ¢(be) 20.7 b(b) 35.0 a(b) 6.0(abc)
/IME 22 9.9 c¢(be) 12.4 b(d) 26.6 a(cd) 4.1(cd)
5902 22.6 b(a) 39.2 a(a) 41.5 a(a) 7.9(a)
Pk 9871 6.3 c¢(cd) 16. 1 b(bed) 25.0 a(de) 2.2(de)
a4 2000 1.6 b(d) 7.3a(e) 6.5 a(h) 0.7(e)
R 148 6.1 c(cd) 12.7 b(d) 30.8 a(be) 6.6(ab)
P4 979 6.0 b(cd) 15.8 a(ced) 17.4 a(f) 4.7(bc)
Pk 2611 4.7 b(d) 5.9 b(e) 11.3 a(g) 1.7(de)
JLEE 9812 11.8 b(b) 19.3 a(be) 21.6 a(ef) 5.5(bc)
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