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Response of anatomical structure and photosynthetic characteristics to low light

stress in leaves of different maize genotypes

DU Chengfeng, LI Chaohai*, LIU Tianxue, ZHAO Yali
Agronomy College , Henan Agricultural University, Zhengzhou 450002, China

Abstract: Prolonged rainy weather during the maize growing season can lead to insufficient light, and thus dramatically
lower yields. Maize, Zea mays L. , is one of the most important food crops in China, and around the world, and a high and
stable yield is necessary to guarantee food safety. Previous studies into the effects of low light stress on maize have
predominantly focused on aboveground biomass, leaf area, chlorophyll content, net photosynthetic rate, root activity,
soluble protein content, grain yield, nutrient levels, and the activity of some enzymes, including superoxide dismutase
(SOD) , peroxidase (POD) , catalase (CAT) , sucrose-phosphate synthase (SPS) , sucrose synthase (SS), soluble starch
synthase (SSS), granule-bound-starch synthase ( GBSS), adenosine diphosphate glucose pyrophorylase ( ADPGPPase) ,
and uridine diphosphate glucose pyrophorylase (UDPGPPase). However, the potentially damaging effects of low light stress
on the anatomical structure of maize photosynthetic systems have seldom been mentioned in the literature, and the
relationships between anatomical structure and photosynthetic characteristics remain unclear. Our objective was to determine
the effects of low light stress on the anatomical structure of maize photosynthetic systems, and the relationship between
photosynthetic characteristics and anatomical structure, in different maize cultivars at the seedling stage.

We experimented on the seedling leaves of two maize cultivars; the shade-tolerant cultivar Zhengdan 958 (ZD958) and

the shade-sensitive cultivar Yuyu 22 (YY22). These were grown in experimental pots in the field. 50% shade treatment

BEWE T4 TRA A H (091100910100) 3 24 i HEAT L (U5 ) BHIF & 5T ( GYHY201006041)
We#s B #3:2010-09-08 ; 1&iTH#:2011-06-13
# MIRVEAH Corresponding author. E-mail ; lichaohai2005@ yahoo. com. cn

http ://www. ecologica. cn



6634 A E = 31 &

was used, with non-shaded seedlings as controls. Under low light stress, plant growth was inhibited; leaves became
thinner , numbers of chloroplasts per unit of leaf area decreased, number of grana increased, grana thickness increased, and
the thickness of the grana lamellae increased. In the shade-sensitive cultivar YY22, most of the chloroplasts became
dysplastic, the stroma lamellae swelled and the grana lamellae became loose. In contrast, in the shade-tolerant cultivar
7ZD958 the chloroplasts were almost normal with some healthy parts. The net photosynthetic rate ( Pn), photochemical
efficiency ( Fv/Fm), and actual photochemical efficiency ( @, ) all decreased under shade. Chlorophyll content,
intercellular CO, concentration ( Ci) and non-photochemical quenching ( NPQ ) increased; however these were all
reversible. The values of all variables investigated were significantly higher or lower in the shade-sensitive cultivar YY22
than in the corresponding control. Shading had no significant influence on the shade-tolerant cultivar ZD958 except for Pn
and Ci. We speculate, therefore, that low light stress has different significant effects on the anatomy and photosynthesis of
maize with different genotypes. The shade-tolerant cultivar ZD958 maintains more normal anatomical structure and higher
photosynthetic function than the shade-sensitive YY22 under low light stress; these are the major anatomical and

physiological traits necessary for shade tolerance.

Key Words: low light stress; maize; anatomical structure; ultrastructure of chloroplast; photosynthetic characteristics;

fluorescence parameter of chlorophyll
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B OGN FEOFRL ™ & N R, EAMFR R, SR AT, Wi AR b A8 %8 AR 4l
ST A R e R AR LI TR I X I S E A R O SRR 0 A 1 AN S fof el e
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Table 1 Effects of shading treatments on microclimate in experimental field

s CO, W/ (pmol/mol)  SpFEIREE /( pumol-m257") AR/ % S/
Treatment CO, concentration Light intensity Relative humidity Air temperature
HEP Shading 374.67+2.40 a 771.67+25.54 b 71.77£0.28 a 34.7+0.26 b
A 4k Control 364.33x1.45 a 1336+22.23 a 67.97+0.27 a 36.6+0.42 a

) — B AR /NS SEREROR 5% KPR 28 510 i 4

1.2 A R e s 5
1.2.1 W 3 s R O

FORIE T, e A 3 A K — SRR 3 PR 7ESE 6 I I A sl 3 IKERORE (5 mmx5 mm /2
) FAA [ A7 e RS A R RBIK , A D) R RN 8 pm, T LL-4k Yo, 7F
OLMPUS Y2 WA T, BEALIEE 15 APPSR A0 R, T GO St R R | E3R 5 R R RS,
1.2.2 M ieah i L

TR, S A B P A K —BUAARES 6 R FF I, ZE M R b A kS B (2 mmx 1 mm £ 47)
F2.5% W I [ 5 24h, AR BRI VIE T U0 1k, FH#ERR 22 11 (0. 1mol/L, pH {E 7. 2) ¥k 3 1K, 1K 30
min, [ 1% 42 4 C /G REE 4 h, BERRZE th -0k 3 UK B FLBR BE Z B R AN K, FR 4N Jot 8 46, Epon812
PRE LI, 70 C N4 8 h, LKB-V BIY] A WU U] F- | 28 158 B DU Sl RN AT A2 R A SUEE e £ )5, H 37.-600 735
S BERENLIEE 15 ARSI 08
1.2.3 OUEHRSAHESE E

TR, BB K —BOH 2 AR EE 6 R R FERT, T LI-6400 64 %E R 48 (LI-COR, 3E[H ) ,
F 10:00—14 .00 M EFLEEEE 6 F )& I 565 33 % ( Net photosynthesis rate, Pn) | 7% i 33 % ( Transpiration
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(Fm') ; KHWERDCIE I8 N 3s J5, $TJF 3 21 71 )6, 76 3 20 46 ik ol i, 2@ 6 TF 4 T B, I 6 R Fe /N9l
(Fo') o HM A 78 538 I e il 7 30 min J& , FHES I EDE (2 wmol -m ™ s™" ) MIERI AR TEIE(Fo) IRIGHT 1 15
TRLAIIK PG (4000 pumol - m™s7") (PENGAX FHF, 542 0.8 ), ME F KD (Fm) , HE SZBROEIb 250K
(Dpsy)= (Fm'=Fs)/ Fm' ACHFEHERK(NPQ)= (Fm— Fm')/ Fm' (FHt Fm— Fm {URADGA KA 9E
) U AERLERIN 6 B, ORI,
1.3 ik

K I Microsoft Excel 2003 F1 SPSS 18. 0 #/7 H A BRI G104, & bi)e , AR I 25 ka3 — 2, ik
BB H A — 4 (R 45 R R A T 0 FIHE |
2 BER55H
2.1 55EMA X AR TR SE PR Y ok H S A s A e R )
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b NSRBI R R A (2 2) I B VER S AR R 22 B9 b R SR B R R R R T 29.1%

23.2% F121.0% , 5%} B2 5 38 I 28 K1 | T T 1 1 0 ik s oA B 958 19 b T 8 B )RR S I R R REOR
B,

o

E1 BB TAREERRERMFBEEHNTL
Fig.1 Changes of anatomical structure in leaves of different maize genotypes under low light stress

A B 2350 HSROE IR T AR5 958 FNi4 & 22 My DI T (%200 ) 5 a Fl b 2351550 T A H 958 FNiZ & 22 ity MEDI I (x200 ) 5 EP: 3R EL
A MT - 41

x2 BABETARERBERMFEENTL

Table 2 Changes of anatomical structure in leaves of different maize genotypes under low light stress

Hi Rl JbF AR KIERE/ pm TRKIEE/ pm it JELEE/ um
Variety Treatment Upper epidermis thickness Under epidermis thickness Leaf thickness
HE 958 Ep 17.7542.02 a 13.55+0.50 a 104.65+1.64 a
0t 16.95+1.64 a 13.05+0.46 a 102.95+0.46 a
BE22 Epi 15.75+0.85 a 11.15+2.15 a 104.15+1.70 a
gt 11.15+0.98 b 8.55+0.43 b 82.35+0.47 b

PRI B ELSE, [/ — R N AR /NG PR 3oR 22 7k Bl R 25 KF (P=0.05)

2.2 G AN [ 3 R R TR R IR A R Bl A 5

FEASRIGIR , IS FOK SR i iSRRG 4 AT, T AN BE S A AR U], i SR AR IR 5 5% 5L R T BT
HE/DEJEMPL(E 2A B) ; REKRRG AT RIF, b L LR SRR, LR 2 Kk i 2 HES) %5,
B IE M , I ELAR L 958 ML )2 IR 2 M EBUE B T £ 22 (Bl 2C.c.D.d), &85,
AN SRR SR AR B8 D FOR S S50 & A AL S R R BN R, UK S B i e, KIS BE 958 I
SRR BB AN IE R PEIRSEEA 28 U DB IR Ak B S R SRR B A Irsn ([l 2a) , 3L R 2
ARG B REETT R JZ M HES AR S A VR 30, g kTR 5k B R A 1S 2 HASIARBS RO% K ek
PR H WA A Z (K 2¢) ;B E 22 HSRAERZECE T AR, Z MK 2 ERE A0 it SRR B B 45 ™ &,
TR (E 2b) , ZHOLR R 2 FEE R 2 R o, DT 18 o5 S A X J5 B 14, Sk 23 s 20 by 4
ffAA AR ATURLIG 238 K JE BRI R ( 2d)
2.3 SEHRIE AN [ 3 R AR TR e A R AR TR

MF 3 ATLUE 5506 R TR R A5 6B R (Pr) ZERSHR (Tr) FRFL TR (Gs) ¥R, it vk
5 AR L 958 1) P Tr 1 Gs 405l b F AR GHE R BRAR T 26. 8% (16. 1% 11 58. 8% , I B 14 45 553 i il 5 & 22
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B2 FAREETARERREXRMNFHREEHBERTL
Fig.2 Changes of Ultrastructure of chloroplasts in leaves of different maize genotypes under low light stress
Aa B b G 958 (X IR ) AR 958 (EERA) (R T 22 (X IR) (R E 22 GEERA ) MMM (AR =0. 25um) ; C e D d 435 K 5
958 (W HR) AR 958 (KA ) (TR E 22 (MR ) (R & 22 (GUERH) M AR MABIES 4 (PR R =250nm) , GL: HBRLT 25 SL: LB 2 SG. EMYAL;
P SRR

) Pn Tr F1 Gs 43 31 L A SRGRE FREAR T 34. 1% 13.5% 1 62.9% , MAM, 78 ASRCIR SR, FR 8 958 1 fifd
] CO, ¥R (Ci) HLi4 T 22 11K 40. 8% ; 55 Ee Ja , i EoR L FP G Ci ¥ RIRBESS I, HL% & 22 19 Ci 3
FELLFARER 958 151 22.0% , M\ Ci {HINZRARAEOLE | T B P 5 55 i PP B K 22 76 556 0E 5 i R 8m 1Y Ci AT e
S5HmM AL co, e IRARE %,

R3 FEAMEXNAEEEBERM RSN

Table 3 Effects of photosynthetic characteristics in leaves of different maize genotypes under low light stress

Hn A Ab HL A AR 7 s R SALRE fifLfE] o, e B
Variety Treatment  Pn /( umolCOym™2s7") Tr/(mmol-m™2s7") Gs/(mmol-m™2s7") Ci/ ( mol/mol)
#5958 EE/S/H 36.03+0.77 a 5.03+0.14 a 233.67+8.69 a 36.00+7.02 b
LEDIR 26.37+0.55 b 4.22+0.24 b 96.33+2.33 b 118.00+3.61 a

#BE22 AR 37.33+0.75 a 4.90+0.17 a 256.00+21.73 a 50.67+3.28 b
55t 24.60+0.32 b 4.24+0.36 b 95.00+4.16 b 151.3345.17 a

2.4 FERA R RIS Y ORI R ISR 2SR R R

4 AT AFE W, 255 G5 | Tt i 1R 858 A Bl YY22 B Fo/Fm 5838 T B 10 it 9 1 4058 5t &b ZD958
() Fo/Fm JC 872840, SIS | YY22 IR KOGAb2A80CR 2 2] T 52, 1 2D958 BEARFFTERAa s iR
A, FOCAIES  ZD958 I YY22 14 Fm 43S FIET 1.5% M1 4.4% ,Fo /5 ETF T 2.7% F130. 1% , W] Fo
B T B SR Fo L Fo/ Fm (9 SCHE , AT B0 B PEECSS S R YY22 19 Fo 1 Fo/Fm B EFEAG,

S5CA PRI, P SRR dPS TTYREAR, YY22 5 RRAIK, BRI R 17. 1% ,ZD958 B Rt A AR, {H B 1
H9.5% . M aAt NPQ S5 B AN [RIFE 2 (3G, b it B PR s b b YY22 (3538 380 h 48. 5% , it
PAPER R Hfh ZDO5SS MR A 12.8%
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x4 FRPENREERBEXRMFHERREHEM
Table 4 Effects of fluorescence parameter of chlorophyll in leaves of different maize genotypes under low light stress

PST WK PS T Spr i

=] 3t TN L AT AR5 A ol = MLt
nnﬁ‘ Lisel WIR Y RV RSO el Tk BB K
Variety Treatment Fo Fm Fv NPQ
: Fv/Fm Dps 1

K5 958 ER/S/A 104.50+1.65 a  610.33+42.68 a 505.83+42.26 a 0.83+0.01 a 0.67+0.02 a 0.40+0.12 a
EEDIA 107.33£2.04 a 601.00+32.76 a 493.67+33.75 a 0.82+0.01 a 0.61+0.04 a 0.45+0.11 a

BE22 ER/S/H 116.67+2.23 b 671.67+15.22 a 555.00+16.07 a 0.83+0.01 a 0.72+0.02 a 0.39+0.03 b
5t 151.8349.19 a  642.33+15.37 a 490.50+16.05 b 0.76+0.01 b 0.59+0.02 b 0.58+0.05 a

3 iFiREHie

S5OGI0 5 A I AR A S PR T R AR R R PR UE LE 8 1AV R BR A ) Ak 7= 4 FH 1 i T AR
1 T /DN, ARE WO B8 (DG RE , T B SRR Al AR T 45 2R 7w | 35 6030 i Ok v A s
PEA DN R AR TR AV DL SR Y oA e 3 - & RERT: R

AR SO 2R R A AT 5T A B, 55060 S B0 2R IR e B AN R, 3 0 HE B JH S22 B R g e R A5
WG BTN R AERL A AR B T AR R EE A B 005, 35X 5 BBUOY  F R4 Klemme BFSE 455 — 2020
JEU PR AT BB 5506 [RIAE i i E RS | S B BRI KB — R K, X 24 P i B R B A Aot & 4
A SR WL PR PR LT MR, SO S A6 508 R e, BRIV E 30858 R A BV FI I < = m k)~ 1
PP AN [v) 56 D] 5 K X 355 0 35 ) S 7 2R B 1 B A8 0 2 S T T A 0t RS B 958 ) s A S 8 i it
R B T BT PERS A AP ER R 22 28 59 L3 K I ATE B ZE MR LIS 4 AR L2 R
JEMER R L5 2R PR CRE ) SRR O, e 1A 2 o S A B e oy, L PRl DG BE i i | I A L
TOERGEMDAFRCR AR X S OEE R S5 R T ARBFFEA R R 255 e M0 R | Tl B PR i
FREA 958 It LR M e B ARRT IE W, M SR (R B H 0, Sk Fr 2 8 AR AN K B R JR R, T4 22
SRS JEEA TN, A2 T2 = A0 i 5 | S S S E SN i ok 2= 1 B0 Ry oA 47 5K
JIrsd ) o TR 2 O T2t B RS th sk R | S BOE R SR A TR

553 G 38 o P PR B K G G R (P) (PS TTERIOCAARER (Fo/Fm) Al PS I S2PRGAE 2 30%
(@ gy ) BIREAR R B O BRI PR AR T R PS I 32 B4 . ER— R S 451 T AR
AFAECREE R B BL G, P ZE A n] B TAHEIAE 50% BEC A& AF T ) R ik R L AR FILRE
JIES AR FR 0 IR S BOOC S A e s AL T EFRIUVBRE T, th THVD R R B AR T
M AL, AR AT WAl W tia e DU ALEE & Rubisco B 1E45 2277 1 52 2 AN [RI P2 1 2 0
£ L INR S EURYDOL AP, AR B O A AR I S R VOLSHOGR W, JIHLEA fF ik — P it
FEo NPQ =WSCRE B AR, 55 60 J5 9 i Bl i NPQ 352 1 T % R W1 55 0% W i L e T T FAFE
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