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Activities of chlorophyll and protective enzyme systems in cotton plants Gossypium

hirsutum L. with heavy leaf removal by no overcompensation

LI Yue-Qiang, XUAN Wei-Jian, SHENG Cheng-Fa'  (Institute of Zoology, Chinese Academy of Sciences , Beijing 100080, China ). Acta
Ecologica Sinica ,2006,26(3) :830 ~ 836,

Abstract: When 8 squares are removed from each cotton plant, simulating bollworm herbivory, the cotton fiber yield in the final
harvest will increase by 10% ~30% . This kind of phenomenon that small damages are beneficial to plants themselves is called
overcompensation, which has become a hot focus in ecology and evolution studies in recent years. Besides cotton, many scientists
have also found a lot of other plants that have this characteristic, such as grass, tree and vegetable. The conditions required for
producing overcompensation for a plant include developmental stage, sunlight, damage extent, damage sorts, etc. Our previous
study has shown that 50% leaf removal from total canopy area, simulating insect herbivory, could increase boll number by
24.4% . Furthermore, the peroxidase ( POD) and ;)olyphenol oxidase (PPO) activity were also changeable. This paper succeeds
last experimental study of leaf removal, but we emphasized to observe the effect of larger extent of leaf removal on cotton growth
and development and on the occurrence of overcompensation. Particularly, this paper studies chlorophyll and protective enzyme
systems in cotton plants Gossypium hirsutum L. with 75% and 100% leaf removal respectively, which belonged evidently to heavy
leaf removal, of the total canopy leaf area at the early stage of primary anthesis. The results show that no overcompensation
phenomenon with a higher cotton fiber yield produced in both cases of 75% and 100% leal removal, whereas these cotion plants
having obvious decreases in boll number of 5.4% and 9.8% , respectively. The new-born leaves on treated plants always
presented larger area than that of control and the content of chlorophyll in these new-born leaves decreased during a short period.
The level in chlorophyll content in leaves of 75% leaf removal and 100% leafl removal were 19.7% and 20.1% lower than that
of control one week after leaf removal. In the meantime, the treatments for herbivory simulation of 75% leaf removal and 100 %

leaf removal decreased protein content in cotton leaves. One week after leaf removal, the protein content in 75% leaf removal was
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7.4% lower than that of control and 100% leaf removal was 23.1% lower than that of control. Importantly, heavy leaf removal
made the highest point of protein content on protein curve appear one week later for the cotton plants with treatment of 75% leaf
removal and one more week later for the cotton plants with treatment of 100% leaf removal compared with control. The plants with
large degree of leaf removal also had an enhanced activity of peroxidase ( POD) but a lowered activity of polyphenol oxidase ( PPO)
in new-born leaves. Two weeks after leaf removal, cotton leaves with 75% leaf removal had a POD activity 18.0% higher than
control and 100% leaf removal had a POD activity 18.8% higher than control, Cotton leaves with 75% leaf removal had a PPO
activity 7.0% lower than control and 100% leaf removal had a PPO activity 9.3% lower than control one week after leaf removal .
But the specific activity of both POD and PPO increased. All these experimental data suggest that heavy leaf removal not only
wrecked the cotton plant homeostasis but also brought about cotton plant serious damage. The wrecked plants with small amount of
proteins resulted from heavy leaf removal might be less resistant to other insect or non-insect infestations and could not recover
easily from the damage so that they could correctly regulate their own metabolic machine going up onto the regular high level, The
damaged homeostasis might have outachieved the modulation limit of plant resistance and functional induction of transnormal
ability. So, cotton plants with treatment of heavy leaf removal of 75% and 100% leaf removal at the early stage of primary
anthesis could only give expressions of damage status. Together with the previous study, we conclude that if we want to get
overcompenation on cotton plants from leaf loss, we should strictly confine the extent of leaf loss to no more than 75% leaf
removal, In agriculture, we can use this biological effect resulted from overcompensation to make certain methods to increase
agricultural yield. Most crops are plants with high level of endurance for environmental stresses. I we positively make proper
intensive artificial mechanical wounds as well as metabolic balance tissue loss instead of those irregular insect and animal herbivory
or environmental stress, it is possible for us to get a good harvest without further utilization of fertilizer and plant hormones, In the
meantime , the overcompensatory effect also implies an elevation upon concrete threshold of pest management, resulting in reducing
the amount of insecticides and pesticides used for insect and pest management and saving the time for farmers. Large scale of
application of pesticides in pest control often causes directly soil contamination and environmental air pollution, which severely
influence our life quality. So tissue balance and small damage research to plants and animals have great importance to ecology. It
seems that there could be chemical signals coming from homeostasis change in plants. These signals that might be small molecular
substance, possibly in company with HSP protein, could move from damaged leaf tissues to the new-born leaves, after a long
distance transport and transducing over petioles and stems, and regulate the activities of POD and PPO in new-born leaves. This
signaling mechanism could be at least in part of the mechanism of overcompensation. If so, we will be thankful that ecology
ultimately links to molecular biology. This finding may be interesting to some scientists in the field of molecular biology who have
demonstrated that the ubiquitous protein chaperone hsp90 regulates more than 100 proteins involved in cellular signalling. But what
factor directly enhances the specific activity of PPO like Ca?" iron remains to be elucidated. This should be our next study
direction of work.

Key words: heavy degree; leaf removal; overcompensation; chlorophyll; protective enzyme

LR 48 LR X AR TR AR TR BR 8 AN, AT LIARTE T 4 AR = 10% ~ 30% " o HIH A B kD
WO ER RO ERRR, EARF TN T YR AT S S, TR AT 5 07T R g g™ . B
i, BAMEIR B RSE T AN ER, A EFRY TESFEHRN— R EREEROTESH
WEZERERURETFEIRY . RERHREAUEREDERZ™ BN YRBA, T H 8 o
MASERE /D, HYEBEHARSFERIR. BREZFANET LT A ERE L SR THEDILHB G
(wounding) o Xt #5ESEHE 25 AL FR AT LAB| R A AME LR , 50 % ot o B 26 B X GEAR B 7= 2449 0 HIE T
REBAETUARB R AN BEE, ERARAARRE, AHRMKEDZERR, 254 THKEK 75%
100 % B9 £ KA M AR L i AL B, i — SO R D FE 4 R MR IR, R EY
HMAMRIER O THRE¥


http://www.cqvip.com

0 00 http://www.cqvip.corlif:

&
+k

832 o7 i 26 #

1 WMEmMAFE
1.1 fEAME ML ERE

ST 3R A i MM ( Gossypium hirsutum L) M B4R AR, S R O B MRBT 13, MABSB A AT AE B BN T,
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Fig.1 The effect of heavy leaf removal by simulating insect herbivory on chlorophyll content in the new-born leaves of cotton (means + SD, the same below)
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Fig.2 The effect of heavy defoliation by simulating insect herbivory on  Fig.3 The effect of heavy leaf removal on peroxidase (POD) activity in the

protein content in the new-born leaves of cotton new-born leaves of cotton
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Fig.5 The effect of heavy defoliation on the specific activity of peroxidase (POD) (a)and polyphenol oxidase (PPO)(b) in the new-born leaves of cotton
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