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Effect of drought stress on photosynthesis, partitioning of photo- assimilates and
grain yield in rapeseed cultivars
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Table 1. Analysis of variance for concentration of C;, rate of photosynthesis, transpiration, Pyue and chlorophyll index of rapeseed cultivars at middle (A) and end (B)
of drought stress at flowering

MS) Sl o L
5 $S661CO, chke
33T e ys w59, i 52 Ol e O Ol S 5 ST D pan ST IJ-})){ el
S.0.V o5 polie d.f Ci) Photosynthesis rate  Transpiration rate Photosynthetic water use efficiency Chlorophyll index

Replication(R) BKS 2 16.3™ 2.8™ 0.6 1.3 09™
Irrigation(1) ST 1 1433" 43.8" 6.1 347 14379
(IXR) MEYEY 2 88.2 11 0.9 3.2 7.63

A Cultivar(C) ) 13 56.47 78" 117 08" 915"
(IxC) LT X3, 13 84.1 9.3 35 9.8 22.7
Rx I C) %, lTxqad, 26 21.7 0.6 0.7 0.3 7.8
CV) (hoyn)l i o 3.1 9.02 11.9 10.6 34
Replication(R) RS 2 9634.7 0.3™ 0.008™ 0.06™ 1.3™
Irrigation(l) ] 1 12809.5™" 264.17 462" 0.7"™ 548.5™
(IxXR) METEY 2 8247.6 14 0.7 0.3 9.2

B  Cultivar(C) ) 13 251.1"™ 2.8 05"™ 0.3™ 426"
(1xC) LT X403, 13 483.8™ 1.77 0.6"™ 0.5™ 10.77
(RXIXC) 1 Sox 6,lT %03, 26 591.2 0.8 1.2 0.3 5.6
C.V©%) Sl kS s 5.6 11.2 15.3 17.7 3.5

ns: Not significant S5 gae 2 NS
*and **: Significant at 5% and 1% probability levels, respectively Ao )3 S5 g g el s 53 513 e 7 4 g
T - . - . = -
=
g_ga"uf 41:-_/.» BE é‘“’-" > gf:“:

Table 2. Mean comparison of concentration of C;, rate of photosynthesis, transpiration, Pywyg and chlorophyll index of rapeseed cultivars at middle (A) and end (B) of

drought stress at flowering

S 55 O e B %5 Ol S5 s3 DT O e S
Ci) x5, 53 SS61CO, chale Photosynthesis rate Transpiration rate Photosynthetic water use Sy S esls

Irrigation treatments LT ol ,los (umolCO,.mol air) (umol CO,. m?s™h (umol H,0. m2s?h efficiency (Ph.Th Chlorophyll index
Normal dals 423.1a 95a 3.5a 2.8a 46.2b

A Drought stress Sas i 414.1b 79b 3.1a 2.6a 57.6a
Varriation (%) o 5 -2.1 -16.8 -11.4 -7.1 23.3+
Normal dals 456.2a 8.3a 3.2a 2.6a 50.3a

B _ Drought stress Ses i 424.7a 4D 1.5b 2.6a 45.7b
Varriation (%) o 5 -6.9 -51.5 -53.1 -0.07 -9.1

L1 (5ol (e gl Aoy ety Jlaz| 55 531 (glatals i 0 g0 5T el p cditaed &5 2 o3 o (6113 oS ol S0be O gt 2 5
*Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
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Table 3. Mean comparison of concentration of C;, rate of photosynthesis, transpiration, Pywye and chlorophyll index of rapeseed cultivars at middle (A) and end (B) of
drought stress at flowering

w8 Ol e 8, Ol 3 }.su‘uf‘md\g
14" o6, Ci) &35, 5 ¢SS6ICO, cLle Photosynthe5|s rate Transpiration rate Photosynthetlc Water Use rp 9 S Lesla
Rapeseed cultivars (umolCOz .mol air 1) (umol CO,. m?2s™) (umol H,0. m?s%) Efficiency rate (Ph Th Chlorophyll index
A B B A A B

Modena 418.6 ab* 446.2a 8.1de 6.4bc 2.8fg 2.1bc 3.1labc 2.9ab 54.5abcd 54.7b
Opera 419.9ab 445.03a 8.8bcd 7.5a 3.3cde 2.6ab 2.7de 2.8abc 57.3a 50.1de
Licord 421.1ab 437.5a 8.8bcd 6.1cdef 2.69 2.4abc 3.3a 2.7abc 55.1abc 51.7de
R.G.S003 416.6 bc 427.6a 7.6e 5.3ef 3.5bc 2.1bc 2.3ef 2.4abc 50.3ef 51.3de
Okapi 419.0ab 434.0a 8.9bcd 5.8cdef 3.3ab 2.2abc 2.7cde 2.6abc 58.1a 55.2ab
P.F 417.9abc 445.8a 8.6bcd 6.6bc 3.9ab 2.3abc 2.3ef 3.1a 51.7cdef 52.1cd
Hayola60 418abc 442 .4a 8.8bcd 6.6bcd 3.3cde 2.6ab 2.7de 2.3bc 51.1def 56.5ab
Hayola401 419.5ab 443.4a 8.8bcd 6.4bc 3.8ab 2.3abc 2.3ef 2.7abc 53.1bcde 55.9ab
Zarfam 416.1 bc 452.2a 7.3e 6.02bcde 3.8ab 2.4abc 2.1f 2.7abc 56.8ab 57.6a
S.L.M046 421.3ab 440.9a 9.6b 6.8ab 2.9efg 2.6ab 3.2ab 2.5abc 55.1abc 54.3bc
Elite 420.9ab 438.9a 9.1bc 5.9bcde.  3.lcdef 2.8a 2.8bcd 2.2¢c 53.1bcde 51.7d
Hayola308 414.7bc 437.2a 8.2cde 5.4def 3.3cde 2.3abc 2.5de 2.3bc 43.1g 48.9¢
Hayola420 4120¢c 431.9a 7.6e 4.9f 2.9efg 1.9c 2.6de 2.4abc 49.2f 50.8de
Talaye 424.2a 443.5a 12.1a 6.7abc 4.1a 2.4abc 2.9abcd 2.8abc 55.4abc 51.1de

L1 (1> gme ol Lo ey Jlaz| uﬁ;l:é\ul:.&fg}”\ ulj;wgfﬂu}?‘sbl:SGL»JS\.LAU}MJA)A

*Means in each column followed by similar letter(s) are not significantly different at 5% probabrlrty level, using Duncan s Multiple Range Test

ubbj(A)Ja.wbl«b,aj:):\)frb)\&sjjlfupujéﬂﬁu\ g_}f.aod\)l;cdﬁ cﬂj.sg)lﬁca..)”j)&b‘COz;ﬂwwwu\ﬂ—\cdjb
Ga.,\lf d> 0 55 b_(.o- 5(B)
Table 4. Correlation coefficient between concentration of C;, rate of photosynthesis, transpiration, Pyyg and chlorophyll index of rapeseed cultivars at middle (A) and
end (B) of drought stress at flowering

m)})j)&b\COZVJ@Lo B % Ol S o 53 T O a0 )S
Ci) Photosynthe5|s rate Transpiration rate Photosynthetic water rp 9IS Lesls
S.0.v JR (umolCOz .mol air?) (umol CO,. m2sh)  (umol H;0. m2s?) . use efficiency (Ph.T)  Chiorophyll index
Sub-stomstal CO, &9, 5 SSLICO, ke 1
Photosynthesis rate o 55 Ol oo 0.75""
A Transpiration rate 3% Ol e 0.24" 0.36" 1
P wue e R B S g 0.38” 0.45" -0.407 1
Chlorophyll index s S esls 0.19” 0.16" 017" -0.3™ 1
Sub-stomstal CO, &3, 55 eSSLICO ke 1
Photosynthesis rate o 558 Ol 50 045~ 1
B  Transpiration rate (85 Ol ) 0.31 0.84 1
P wue SR ST 5 e oS 0.35" 0.05"™ -0.12"™ 1
Chlorophyll index s S esls -0.317 -0.55"" -0.56" -0.01™ 1
ns: Not significant S5 xe 2 NS
* and **: Significant at 5% and 1% probability levels, respectively o3 5 5 g dlal g glan 53 513 (ae 5 5 4 e g
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230l (Kb i ns3 Ol5e % 350 1)

2 g5 e (S 4y Laslie G2l
(Ol a8 313 OLES TS 2l Soln e
5ot P Y sla ¥ AY e F VY pla ¢ 1S
el o S oo 55 5 Uis e 0355 Db 5|
(3 (5 5 53 310 Ol e (a8 5 axdls |y bl
axg by .Llesly jolaslse g oy al,
i o 53 25 0L 5 (AUE S S e 3 &S|
1 3lss 55 o i Unge 53,580 ) ¢ ol
A il pL51 L a4 o il 5 5
e JWEH 53 061 S8 by ool S ) g0
Lo s 4y bl 5 &8 1 p3 0dbio 3 5l e
Sl olg Ol [2alS Eel (Kage et al., 2004)
ls 5, Sos ol oLy 5 0l Gy 555 53 4Bl e
Jod> GL:: g LV eds) il u‘i\“‘f
Name 5 Ete Sien 5 AJgdr) (Son
St 055 L ) 5 S 05 (ool Sy
3 (= W) iy 6Sis 05 o=+ /AFTT) dbl
S5 ga Hlghl Ol o (=40 /YY) 8 oSit 0
5 S rm b Obsan & G2l s 5o A8 Lty s
sl ¢Sist 0s sl o 1508 53 S 5 55,
534S diten Laplll o Sage ey $Kis 0
,g(‘u,ﬁ\ﬁ\(u,\.,\;,uuﬁ;&gngwM
"‘J’“u“‘:‘b‘;)"u{\“’.u{u}:‘g_s"")J'f"J)"‘(‘G)‘Q:“B
S i Ll s 1 slaplhbl 4 (e 5
slaasl U G5 laiT ol 51 ool s s g 1l
ps—k 5 (Plaut et al, 2004) OLHLSer 5 S
OHLSer 5 o oils Cilae (Blum, 2005)
s Lol 5 53 48T W sl O 5o (Plaut et al., 2004)
1 Sl sy el 5L Sl eslinal o Sis
Sl J2alS 5 S5e )5 550 &K dlagils ods
il o 1S 0Bl ls 5 Shee (o)1 5 25 51 AL
JUES) g 5 A o 25 15 )5 oS 655k
Sl 568 15 Sltle d oo 55 5l ga sdons

(JA

T Y Ny RY-TP R I g
5 Odsds) 355,05 me Slio 5SS s 55,
D3 RS 50 o G S LIS B el
ol s Sl alie S (L §
YYIA) Cils e ld s me talS 51 S
3 Nes o iST nd Gastle e Ol 4 (o
5 Shes ja s il S 51 sb] sl a3l
ST oSt 0y 2alS 4 s (das 3 0V/Y)4ils
4 (S w5 3l gn olant| [ (Ao s FP/Y)as 5
Gl Bl o ks ()3 ) /8) Lo ) 55
PREIRIT UG- P AT PR PO
(2l s e 55 gulT S U BEES!
s ol gl s e 5 L) 5
(Poma et al., 1999) 01, San 5 Lo g (sls 4l ulusl
baplol g 3150 55 0 o () 47 3 503, LB Ol 55 o0
515 059 3 5ol iy sla S5 e @ Ll 5 oo
bl A w8 ) ey (SR A 4 L AL
iy il laphll Gl palS Ly (Sl s
ot W gmene LT Ll i L ie 53 hu s
O35 Al 5 Loa oy g 6t 039 LS
e Ls palST Eeb o gy slsplil oSis
(Kage etal., 2004)s 34 o Cils
O 5 158 bS5l fols mls O3
Ny 255 X585 0,1 > (Giunta et al 1995)
O oyl 3 p S (s oS 3 (6 i g3
S a8 sl 0l sl hlasT s o Siis
Syn 255 3 2l AL (AU i o> S
Aol s .syls @Lf;@bo’u&h oIl e (6 e 52
(Saab et al., 1990) O, Ken s lo Jiole3T pl
L A o e (b (S 25 8T 3 50 b
AL S By 5 S e s 1 68 sk
1y 6551 5 p S o s Ol jms ¢ o 92 slaphul o1l
Nt e o5 s ools a8 ol el s
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Table 5. Analysis of variance for grain yield, harvest index, plant dry weight and partitioning of dry matter of rapeseed cultivars prior to flowering (A) and end of maturity (B)

6313 4 ys 4l 3 Slee Cals p jasls G ST S 0y (w»)a{.ﬁsuuﬁ&.‘:
S.0.V R d.f Grain yield Harvest index Plant dry weight Percent of partitioning of dry matter to
&, @l L)
Leaf Stem Root
Replication(R) 2SS 2 : - 656.1" 211.8™ 51.4" 13.8"
A Cultivar(C) 5 13 : - 153.09"™ 342.8™ 37.4" 9.9"
(RxC) S5 ad 26 - - 156.7 22.3 9.4 3.8
CVw) O i 50 - - - 24.6 12.7 7.4 12.9
Replication(R) kS 2 3011.9™ 26.7™ 6.67" 149" 7.08™ 11.7"™
Irrigation(l) T 1 84814.3" 19.14™ 49253 59,1 43.2" 96.4™
(IXR) ERMESRY 2 1397.1 27.76 54.5 13.2 6.9 6.8
B) Cultivar(C) 5 13 4821.5" 22.07” 104.5™ 7957 72" 57"
(IxC) oW X035, 13 1382.7"™ 15.08™ 33.9™ 8.3™ 41m™ 3.9™
(RXI XC) ,1,8x g LT x0dy 26 1060.1 23.79 33.7 12.2 3.7 3.5
C.V %) Sl kS o - 28.6 22.28 19.8 9.6 6.3 10.02
ns: Not significant 15 sme e NS
*and **: Significant at 5% and 1% probability levels, respectively 1055 68y 5 gy dlat gl 3 s ae 55

St 25 sl 53 1S 1 ST nle gt 5 g &S5 it 050053 sl ails 3 Shes 1 S0ke duslie - sl

Table 6. Mean comparison of grain yield, harvest index, plant dry weight and partitioning of dry matter of rapeseed cultivars in irrigation treatments

(Ao y3) it o3l V.:@M]
Percent of partitioning of dry matter to
als 5 Slos Csls ey G S S 0 g Ry W Ay
Irrigation treatments obT sleles Grain yield (kg.ha®)  Harvest index (%)  Plant dry.weight (g) Leaf Silique Stem Root
Normal dals 2696.6 a* 10.1a 118.09 a 77b 56.4a 27.8b 79b
Drought stress at flowering stage  »u8 al> o 3 e 25 13145b 8.8b 66.6 b 95a 502b 3l2a 89a
Variation (%) Sl k5 Ol e -51.2 -13.8 -43.6 +18.9 -10.9 +10.8  +11.2

v\;J\,uL;)u@M;J,wM)J@JublCi.”;Q_Qud\ul;,u?;;,,ﬁwuﬂmef,;_:.,,g,fébmfdu;,ﬁpo};ﬂfﬁ*
*Means in each column followed by similar letter(s) are not significantly different at 5% probability levelusing Duncan’s Multiple Range Test
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Table 7. Mean comparison of grain yield, harvest index, plant dry weight and partitioning of dry matter of rapeseed cultivars prior to flowering (A) and end of maturity (B)

(M)J) $SLis osle V.:g,-..?
157 66 Percent of partitioning of dry matter to
Rapeseed gls 5> Shee sl ey 54 ST s 0 &£, Qe sl )
cultivars Grain yield(kg.ha®)  Harvest.index (%) Plant dry weight (g) Leaf Silique Stem Root
A B A B A B A B A B A B A B
Modena - 1873.7bc - 83b  32.2ab  136.5abc 47.0ab 94ab - 52.8f 36.0bc 30.0bcd 16.9a 7.7bcd
Opera - 2420.7ab - 9.5ab 50.6a  148.8a 47.4ab 8.9abc - 53.2ef  37.1bc  29.8bcd 15.5a 7.9bcd
Licord - 2455.8ab - 8.0b  335ab  140.6ab 41.0abc 10.8a - 45.79 41.3ab 34.2a 17.5a 9.0ab
R.G.S003 - 2373.5ab - 8.7b -~ 39.9ab 85.9de 33.2cd 5.9bcde - 56.6cde 41.2ab  29.2cd  13.7ab 8.1bcd
Okapi - 2341.0ab - 10.1a  39.1ab- 112.5bcd 49.53 93ab - 53.7def  34.2c 28.1d 16.2a 8.7abc
P.F - 2721.5a - 11.3a  42.7ab 95.3de 44.2ab 5.6cde - 59.3bcd 40.2ab  27.0de  15.6a 7.9bcd
Hayola60 - 1480.0c - 9.8ab 22.6b 76.8e 25.8de 51de - 58.2bcde  44.2a 28.2d 16.5a 8.3abcd
Hayola401 - 2169.3abc - 10.6a <31.4ab - 103.2cde 17.5e 4.7de - 62.6ab  43.5a 24.4e 14.7a 8.1bcd
Zarfam - 2331.2ab - 83b  42.8ab  140.6ab 40.9abc  7.2bcde - 55.2def  45.3a 20.6bcd 13.7ab 7.8bcd
S.L.M046 - 2020.5abc - 8.9b  40.9ab - 103.6cde 38.7bc 6.9bcde - 50.3fg  44.8a 33.0ab  16.4a 9.5ab
Elite - 2251.0ab - 8.1b  41.9ab 113:6bcd 43.2ab 6.9bcde - 50.4fg  40.5ab  32.5abc 16.2a 10.1a
Hayola308 - 2535.4ab - 10.5a  46.7ab 86.3de 18.3e 4.0e - 66.0a 41.4ab 23.4e 10.4b 6.5d
Hayola420 - 2109.3abc - 9.6ab  42.0ab  131.7abc 27.6d 4.6de - 62.2abc  46.1a 26.1de  14.1ab 6.8cd
Talaye - 2155.6abc - 6.6c  43.4ab 115.4abcd 43.2ab 8.labcd - 52.8f 40.4ab 33.1ab  16.3ab 7.7bcd
Jlez| BR \;Sil: Slaals Lo 05057 bl (s S 2iia Cog L;l;l:dfdba@i?l:.a O o3

L, g yls gme ol o s ey
*Mean in each column followed by similar letter(s) are not significantly different at 5% probability IeveCfT

using

Bur

ncan’'s Multiple Range Test

\}Lsf.\s,\&;;uur*;}4:,.&wa;j‘wbﬁyumu;;ww@%\ﬂs—uj,\?

Table 8. Correlation coefficient between grain yield, harvest index, plant dry weight and partitioning of dry matter of rapeseed cultivars

(-\-0)3) oS osle r_.é,w:
Percent of partitioning of dry matter to
gls s Clsy astls &y ST S 0 &, Reapyges sl oy

S.0.V .~ Grainyield (kg.ha™)  Harvest index (%) Plant dry weight (g) Leaf Silique Stem Root
Grain yield als s Slee 1
Harvest index Cls, asls 0.40*" 1
Plant dry weight G oSS St 0 0.52* -0.41 1
partitioning of dry matter to leaf 5 PN S-RAPN ST ST WA 0.18* -0.32 0.32* 1
partitioning of dry matter to Silique >, s 4 it esls puges 0.56** -0.03™ 0.44* 0.22** 1
partitioning of dry matter to steam Bl 4 ¢S o3l g 0.49* -0.28™ 0.66 0.46™ 0.84™ 1
percent partitioning of dry matter to root i, 4 ¢Sist o3l ages 0.52* -0.13™ 0.62* 0.37* 0.777 0.91* 1

ns: Not significant S5 gae e NS

* and **: Significant at 5% and 1% probability levels, respectively
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Effect of drought stress on photosynthesis, partitioning of photo-assimilates
and grain yield in rapeseed cultivars

Monajem, S.}, A. Ahmadi® and V. Mohammadi®

ABSTRACT

Monajem, S., A. Ahmadi and V. Mohammadi. 2011. Effect of drought stress on photosynthesis, partitioning of photo-

assimilates and grain yield in rapeseed cultivars. Iranian Journal of Crop Sciences. 13 (3): 533-547. (In Persian).

Effect of drought stress at flowering stage on the rate of photosynthesis, partitioning of photoassimilates and
its relation with grain yield of 14 rapeseed cultivar was studied in agricultural research field, University of
Tehran, Karaj, Iran, in 2007-2008 crooping season. A split plot ¢ arrangement in randomized block design with 3
replications was used. Main plots included two regimes of irrigation (full-irrigation and drought stress at
flowering stage) and sub plots consisted 14 cultivars of rapeseed. Drought stress was imposed at flowering stage
by stopping irrigation and were rewatered when soil water potential reached -1.5 Mpa. Results showed that
under full irrigation conditions photosynthesis rate, transpiration and Pyye declined. Similar changes in
photosynthesis rate, transpiration rate and Ci concentration were observed due to water stress implying the role
of stomatal limitation to photosynthesis under stress conditions. Chlorophyll index increased under mild stress
condition, however, as stress intensified, chlorophyll index significantly reduced. Cultivars showed significant
differences for photosynthesis rate under water stress and non stress conditions, however, grain yield of cultivars
were affected differently by water stress. Significant correlation coefficientswere not observed between
photosynthesis rates and grain yield under different moisture regimes. Moreover, drought stress at flowering
stage affected partitioning of photoassimilates between different plant organs. Drought stress at flowering stage
decreased grain yield by 51% and harvest index through increasing dry weight of leaf, stem, root, and decreasing
dry weight of silique or partitioning of assimilates to vegetative organs than reproductive organs. The P.F
cultivar with grain yield of 3597 kg.ha™* in full irrigation conditions and Okapi with grain yield of 1595 kg.ha™

and greater harvest index had higher agronomic performance and grain yield.

Keywords: Partitioning, Photoassimilates, Drought stress, Photosynthesis, Chlorophyll index and Rapeseed.
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